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Abstract

Background: Maintenance hemodialysis (MHD) patients are at increased risk for coronavirus disease 2019 (COVID-
19). The aim of this study was to describe clinical, laboratory, and radiologic characteristics and determinants of
mortality in a large group of MHD patients hospitalized for COVID-19.

Methods: This multicenter, retrospective, observational study collected data from 47 nephrology clinics in Turkey.
Baseline clinical, laboratory and radiological characteristics, and COVID-19 treatments during hospitalization, need
for intensive care and mechanical ventilation were recorded. The main study outcome was in-hospital mortality and
the determinants were analyzed by Cox regression survival analysis.

Results: Of 567 MHD patients, 93 (16.3%) patients died, 134 (23.6%) patients admitted to intensive care unit (ICU)
and 91 of the ones in ICU (67.9%) needed mechanical ventilation. Patients who died were older (median age, 66
[57–74] vs. 63 [52–71] years, p = 0.019), had more congestive heart failure (34.9% versus 20.7%, p = 0.004) and
chronic obstructive pulmonary disease (23.6% versus 12.7%, p = 0.008) compared to the discharged patients. Most
patients (89.6%) had radiological manifestations compatible with COVID-19 pulmonary involvement. Median platelet
(166 × 103 per mm3 versus 192 × 103 per mm3, p = 0.011) and lymphocyte (800 per mm3 versus 1000 per mm3, p <
0.001) counts and albumin levels (median, 3.2 g/dl versus 3.5 g/dl, p = 0.001) on admission were lower in patients
who died. Age (HR: 1.022 [95% CI, 1.003–1.041], p = 0.025), severe-critical disease clinical presentation at the time of
diagnosis (HR: 6.223 [95% CI, 2.168–17.863], p < 0.001), presence of congestive heart failure (HR: 2.247 [95% CI,
1.228–4.111], p = 0.009), ferritin levels on admission (HR; 1.057 [95% CI, 1.006–1.111], p = 0.028), elevation of aspartate
aminotransferase (AST) (HR; 3.909 [95% CI, 2.143–7.132], p < 0.001) and low platelet count (< 150 × 103 per mm3)
during hospitalization (HR; 1.864 [95% CI, 1.025–3.390], p = 0.041) were risk factors for mortality.
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Conclusion: Hospitalized MHD patients with COVID-19 had a high mortality rate. Older age, presence of heart
failure, clinical severity of the disease at presentation, ferritin level on admission, decrease in platelet count and
increase in AST level during hospitalization may be used to predict the mortality risk of these patients.
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Background
Maintenance hemodialysis (MHD) patients are at in-
creased risk for several infections associated with high
mortality. The coronavirus disease 2019 (COVID-19) af-
fected all countries and territories around the world, espe-
cially the elderly population and patients with multiple
morbidities, including chronic kidney disease. MHD pa-
tients constitute a vulnerable population due to several
reasons. Most MHD patients are elderly and have a bur-
den of comorbidities, mainly diabetes mellitus, hyperten-
sion, or cardiovascular disease [1]. MHD patients have a
high risk of exposure to infections because most of them
have been treated as in-center patients. It was not feasible
for MHD patients to carry out social isolation rules to pre-
vent exposure as they need to travel three times a week to
the hemodialysis centers [2]. They have contact with other
patients and the staff of the dialysis centers. Moreover, im-
mune dysregulation and immune senescence of uremia in-
crease the vulnerability of MHD patients for COVID-19
[3]. MHD patients are at high risk for COVID-19 related
mortality [4]. There is a need for early diagnosis and a
timely start to treatment in order to reduce morbidity and
mortality in this group [4].
There is limited information about the impact of

COVID-19 on the clinical outcomes of MHD patients.
Most of the published studies were single-center and
consisting of heterogenous inpatient and outpatient pop-
ulations with small numbers of patients (usually 50 to
100) [5–8]. A recent US study has evaluated the largest
number of hospitalized dialysis patients with a majority
of hemodialysis patients [9]. There is still not enough in-
formation regarding the outcomes of hospitalized
COVID-19 MHD patients from different regions/coun-
tries. We herein present our experience in Turkey in a
larger group (> 500) of hospitalized hemodialysis pa-
tients. In this multicenter study, we described the clin-
ical, laboratory, and radiologic characteristics and the
factors that determine in-hospital mortality in hospital-
ized MHD patients for COVID-19.

Methods
Study design and subjects
This was a multicenter, retrospective, observational
study, and data were collected from 47 nephrology
clinics from different regions in Turkey between 17th
April to 1st June 2020. All authors transferred their data

to the database. Permission was received from all au-
thors to use their data. The main database included hos-
pitalized COVID-19 patients with and without kidney
diseases (Stage 3 to 5 chronic kidney disease, dialysis
and kidney transplantation patients) [10]. The data of
551 hemodialysis patients in this database were shared
as two separate files with ERACODA, which is a Euro-
pean Renal Association-European Dialysis and Trans-
plant Association (ERA-EDTA) database that collects
the data of kidney patients with COVID-19. This study,
which has an ethics committee number of 41–2020, was
approved by the Health Sciences University Istanbul
Haseki Training and Research Hospital Ethics Commit-
tee. Informed consent from patients was waived due to
the need for rapid data collection during the pandemic
period by the institutional review board. The research
was supported by the Turkish Society of Nephrology
without any conditions.
The study had only included hospitalized MHD patients

with a COVID-19 diagnosis. MHD patients who were
younger than 18 years of age, who lack hospital discharge
or survival information, who were still hospitalized during
data collection, and patients who hospitalized due to other
reasons were excluded from the study.

COVID-19 diagnosis
Reverse transcription polymerase chain reaction (RT-
PCR) testing from nasopharyngeal swab was performed
for COVID-19 detection. A positive result was accepted
as the evidence for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Patients whose first test
was negative but positive in the second test were also
considered as confirmed cases. Because the test may
have false negative results or may not be available imme-
diately for some patients [11], patients clinically sus-
pected having COVID-19 were mostly screened with a
chest computed tomography (CT). If there were radio-
logical findings compatible with COVID-19 pneumonia,
the patient was diagnosed as ‘likely case of COVID-19’
as stated by the Ministry of Health “COVID-19 Diagno-
sis and Treatment Guideline” [11], which is similar to
the diagnostic criteria of the European Centre for
Disease Prevention and Control [12].
Disease severity was defined according to the clinical

presentation of COVID-19 patients: Mild disease defines
patients with mild clinical symptoms without a findings
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of viral pneumonia on chest CT. Moderate disease de-
fines patients with symptoms like fever and cough, dys-
pnea and signs of viral pneumonia on chest CT findings;
severe disease refers to patients with any of the following
criteria: respiratory rate ≥ 30 breaths/min, resting oxygen
saturation ≤ 93%; arterial PO2/FiO2 ≤ 300mmHg. Pa-
tients with pulmonary lesion growth rate > 50% within
24–48 h on radiologic imaging were also defined as se-
vere diseases. Patients with respiratory failure needing
mechanical ventilation, shock, multiorgan failure or need
intensive care unit (ICU) follow-up were defined as hav-
ing critical disease [11].

Data collection and outcome
In all centers, data were collected by reviewing electronic
health records of the hospitals. Baseline data have in-
cluded symptoms (such as fever, fatigue, dry cough, dys-
pnea, diarrhea, anorexia, myalgia, headache and sore
throat), comorbidities and medications, initial laboratory
assessments [serum creatinine, albumin, ferritin, C-
reactive protein (CRP), haemoglobin, lymphocyte and
platelet count, aspartate aminotransferase (AST) and lac-
tate dehydrogenase levels (LDH)]. The location of the
hemodialysis sessions were recorded.
Dataset also included the disease severity of COVID-

19, laboratory tests performed during hospitalization and
medications that were given for COVID-19 treatment
(hydroxychloroquine, oseltamivir, macrolides, lopinavir-
ritonavir, favipiravir, glucocorticoids, tocilizumab, conva-
lescent plasma, anakinra). Patients’ need for ICU care
and mechanical ventilation were also noted. The main
study outcome was defined as in-hospital mortality.

Statistical analysis
The IBM SPSS Statistics for Windows, Version 25.0
(IBM Corp., Armonk, NY, USA) was used for statistical

analysis. Numerical variables were expressed as median
and 25th percentile-75th percentile; categorical variables
were expressed as numbers and percentages. Student’s t-
test was used for normal distributed data and, Mann-
Whitney U test was used for abnormally distributed data
in the comparison of numerical parameters of dead and
discharged patients. Chi-square test was used to com-
pare the categorical data. To find out the independent
parameters related to the mortality, we used a multivari-
ate Cox regression model (Backward LR method) includ-
ing the parameters found related to survival in the
univariate analyses. p-value < 0.05 was considered
significant.

Results
The study was conducted from 17th April to 1st June
2020 and included 615 MHD patients who required
hospitalization for COVID-19. 48 patients were excluded
due to various reasons: transfer to other medical centers
(n = 13), being still hospitalized (n = 28), neither had RT-
PCR or chest CT positivity for COVID-19 diagnosis
(n = 5) and insufficient data (n = 2). The final analysis
was done in 567 MHD patients [296 male (52.2%)]. The
study population selection was shown in Fig. 1.

Clinical characteristics and laboratory findings
Baseline demographic and laboratory characteristics of
the patients were shown in Table 1. The median age was
63 (interquartile range [IQR], 53–71) years. The preva-
lence of comorbid conditions such as hypertension, car-
diovascular diseases, diabetes mellitus, congestive heart
failure, chronic obstructive pulmonary disease (COPD)
were found as 79.1, 49.3, 46.5, 23, 14.6% respectively.
The median duration of hemodialysis treatment was 3
years (IQR 1–6).

Fig. 1 Flow chart illustrating the study population selection

Turgutalp et al. BMC Nephrology           (2021) 22:29 Page 3 of 10



Table 1 Baseline demographic and laboratory characteristics of maintenance hemodialysis patients

Dead (n = 93) Discharged (n =
474)

All (n = 567) p
value*

Age (years), median (IQR) 66 (57-74) 63 (52-71) 63 (53-71) 0.019

Hemodialysis duration (year), median 4.0 (1.8-6.0) 3.0 (1.0-6.0) 3.0 (1.0-6.0) 0.326

Gender n (%) Female 39 (41.9) 232 (48.9) 271 (47.8) 0.196

Male 54 (58.1) 242 (51.1) 296 (52.2)

Symptoms on admission n (%)

Fever 50 (53.8) 257 (53.9) 307 (53.9) 0.984

Dyspnea 78 (83.9) 229 (48.0) 307 (53.9) <0.001

Dry cough 53 (57.0) 206 (43.2) 259 (45.4) 0.014

Fatigue 51 (54.8) 184 (38.6) 235 (41.2) 0.004

Myalgia 25 (26.9) 77 (16.1) 102 (17.9) 0.013

Headache 9 (9.7) 37 (7.8) 46 (8.1) 0.534

Sore throat 8 (8.6) 37 (7.8) 45 (7.9) 0.076

Anorexia 12(12.9) 25(5.2) 37 (6.5) 0.006

Diarrhea 7 (7.5) 15 (3.1) 22 (3.9) 0.045

No symptom 1(1.1) 42 (8.8) 43 (7.5) 0.01

COVID-19 Diagnosis

Positive nasopharyngeal swap PCR, n (%) 57 (61.3) 214 (45.1) 271 (47.7) 0.004

Radiological manifestations n (%) 88 (94.6) 423 (88.7) 511 (89.6) 0.085

CT findings n (%) Bilateral multiple lesions 75 (80.6) 326 (68.3) 401 (70.4) 0.045

Unilateral multiple lesions 8 (8.6) 44 (9.2) 52 (9.1)

Soliter lesion 3 (3.2) 42 (8.8) 44 (7.7)

Completely normal 0 (0) 25 (5.2) 25 (4.4)

Time between first symptom-diagnosis (days), Median (IQR) 3 (2-5) 3 (1-4) 3 (2-4) 0.091

COVID-19 disease severity, n (%) Mild-Moderate Disease 11 (11.8) 286 (60.3) 297 (52.4) 0.001

Severe-Critical Disease 82 (88.2) 188 (39.7) 270 (47.6)

Laboratory findings, on admission

Creatinine (mg/dl) 6.95 (5-8.33) 6.79 (5.3-8.77) 6.79 (5.2-8.7) 0.353

Albumin (g/dl) 3.2 (2.87-3.6) 3.5 (3.1-3.85) 3.40 (3.08-3.8) 0.001

Ferritin (ng/L) 987 (520.5-
2000)

870 (500-1429) 883 (500-
1500)

0.044

Haemoglobin (g/dl) 10.4 (9.4-11.6) 10.4 (9-11.8) 10.4 (9.1-11.8) 0.80

Lymphocyte count (mm3) 800 (450-980) 1000 (750-1380) 970 (660-
1352)

<0.001

Platelet count (x1000/mm3) 166 (130-232) 192 (151-246) 186 (147-245) 0.011

CRP≥10 (x of upper normal value), n
(%)

72 (77.4) 215 (45.1) 287 (50.4) <0.001

Laboratory findings, during hospitalization, n (%)

LDH (>2×upper limit of normal) 52 (60.5) 85 (19.0) 137 (25.7) <0.001

AST (>2×upper limit of normal) 44 (49.4) 31 (6.6) 75 (13.5)

Lymphopenia (<1500/mm3) 80 (88.9) 264 (56.1) 344 (61.3)

Thrombocytopenia (<150x103/mm3) 39(42.4) 102(21.7) 141 (25.0)

Leukopenia (<4000/mm3) 25 (27.5) 90 (19.1) 115 (20.4) 0.06

Anemia (Hgb<10 g/dL) 61 (66.3) 230 (49.5) 291 (52.2) 0.003

Coexisting disorder, n (%)
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The median time between the onset of the first symp-
tom of the COVID-19 and diagnosis was 3 days (IQR 2–
4). The most common symptoms on admission were
fever (53.9%), dyspnea (53.9%), dry cough (45.4%), fa-
tigue (41.2%), myalgia (17.9%), headache (8.1%), sore
throat (7.9%), anorexia (6.5%), diarrhea (3.9%), and 7.5%
of the patients had no symptoms. 56.8% of patients were
never smokers, 30.9% of patients were former smokers
and 12.3% of patients were current smokers.
Most of the patients had anemia and lymphopenia on

admission. While median levels of albumin were also at
lower ranges [3.40 g/dL, (3.08–3.8)], ferritin [883 ng/L
(500–1500)], levels were high for the majority of the pa-
tients (Table 1). The median CRP level was elevated in
almost all patients (93.5%).
More than half of the patients (n = 297, 52.4%) were

admitted with a mild-moderate clinical presentation, but
270 (47.6%) patients were in severe-critical state. Base-
line characteristics and laboratory findings of patients
according to the disease severity were shown in Table 2.
The majority of the patients with mild-moderate disease
had no symptoms compared to patients with severe-
critical disease (p < 0.001). Dyspnea was the most com-
mon symptom in patients with severe-critical disease
(p < 0.001). In severe-critical patients, LDH (> 2 × upper
limit of normal), AST (> 2 × upper limit of normal), lym-
phopenia (< 1500/mm3) and thrombocytopenia (< 150 ×
103/mm3) rates during hospitalization were significantly
higher compared to patients with mild-moderate disease
(for all, p < 0.001).
The most commonly used medications at the admis-

sion were erythropoiesis-stimulating agents (76.5%),

vitamin D receptor analogues (59.3%), beta-blockers
(46.9%), calcium channel blockers (44.4%), insulin (38%)
and renin-angiotensin-aldosterone system (RAAS)
blockers (27.6%).
The drugs that patients received for COVID-19 treat-

ment in the hospital were chloroquine/hydroxychloro-
quine (96.6%), macrolides (78.7%), oseltamivir (60.7%),
favipiravir (32.4%), glucocorticoids (4%), lopinavir-
ritonavir (1.8%), tocilizumab (1.5%), anakinra (0.9%),
convalescent plasma (0.4%).
Dialysis was carried out in ICU, in isolated hospital

rooms or in special reserved areas of hospitals’
hemodialysis centers as appropriate.

Radiologic findings
Almost all patients had radiological manifestations
(89.6%) compatible with COVID-19 pulmonary involve-
ment (Table 1). Of all chest CT scans that were per-
formed, the most common abnormalities were ground-
glass opacities (82.9%), pleural effusion (24.8%), lymph-
adenopathy (8.1%), reticular pattern (13%) and vasculitic
thickening (4.8%). These lesions were often detected as
bilateral multiple lesions (70.4%) compatible with
COVID-19 pneumonia. Chest CT findings of COVID-19
MHD patients were shown in Table 1.

Clinical outcomes
The clinical outcomes of the patients were shown in
Table 1. 93 (16.2%) of the total patients who participate
in the study died. A total of 134 (23.6%) patients needed
ICU care and 91 of them (67.9%) required mechanical
ventilation. Mechanical ventilation requirement in the

Table 1 Baseline demographic and laboratory characteristics of maintenance hemodialysis patients (Continued)

Dead (n = 93) Discharged (n =
474)

All (n = 567) p
value*

Diabetes mellitus 43 (47.3) 218 (46.4) 261 (46.5) 0.879

Hypertension 70 (79.5) 374 (79.1) 444 (79.1) 0.920

Ischemic heart disease 42(49.4) 180 (42.0) 222 (43.2) 0.205

Cardiovascular disease 48 (55.2) 208 (48.1) 256 (49.3) 0.232

Congestive heart failure 30 (34.9) 90 (20.7) 120 (23.0) 0.004

COPD 21(23.6) 56 (12.7) 77 (14.6) 0.008

Malignancy 6 (6.5) 24 (5.3) 30 (5.5) 0.650

Outcomes

Length of stay at hospital (days), median
(IQR)

8 (5-14) 10 (7-14) 9 (6-12) 0.856

ICU admission, n (%) Yes 89 (96.7) 45 (9.5) 134 (23.6) <0.001

No 3 (3.3) 430 (90.5) 433 (76.4)

Mechanical ventilation in ICU, n (%) Yes 86 (97.7) 5 (11.6) 91 (69.5) <0.001

No 2 (2.3) 38 (88.4) 40 (30.5)

Abbreviations: IQR interquartile range, COVID-19 coronavirus disease 2019, CRP C-reactive protein, LDH lactate dehydrogenase, AST aspartate aminotransferase, Hgb
Haemoglobin, HD hemodialysis, ICU intensive care unit, CT computed tomography, COPD chronic obstructive pulmonary disease
*p value pertains to comparing subsets of dead versus discharged groups
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whole group was 16.0%. Patients who died had more
ICU and mechanical ventilation need, compared to the
patients who were discharged (96.7% versus 9.5 and
97.7% versus 11.6% respectively, p < 0.001). There was
no gender difference between patients who died or were
discharged from the hospital (p > 0.05). The median age
of the patients who died was higher compared to dis-
charged patients (median age, 66 versus 63 years, p =
0.019). Similarly, congestive heart failure (34.9% versus
20.7%, p = 0.004) and COPD (23.6% versus 12.7%, p =
0.008) frequencies were significantly higher in patients
who died compared to the discharged patients.
As shown in Table 1, symptoms like fatigue, dry

cough, anorexia, dyspnea, myalgia, and diarrhea were
more frequent in patients who died (p < 0.05). Median
platelet (166 × 103 /mm3 versus 192 × 103 /mm3, p =
0.011) and lymphocyte (800 /mm3 versus 1000 /mm3,
p < 0.001) counts and albumin levels (median, 3.2 g/dL
versus 3.5 g/dL, p = 0.001) on admission were found
lower in patients who died. Furthermore, rates of lym-
phopenia (< 1500/mm3, 88.9% versus 56.1%, p < 0.001),
thrombocytopenia (< 150 × 103/mm3, 42.4% versus
21.7%, p < 0.001), leukopenia (< 4000/mm3, 27.5% versus
19.1%, p < 0.001), anemia (haemoglobin< 10 g/dL, 66.3%
versus 49.5%, p < 0.001), high AST (> 2 × upper limit of
normal, 49.4% versus 6.6%, p < 0.001) and high LDH

levels (> 2 × upper limit of normal, 60.5% versus 19%,
p < 0.001) during hospitalization were clearly higher in
patients who died compared to the discharged patients.
Ferritin and CRP levels were also higher in patients who
died (p < 0.05 and p < 0.001). There was no difference in
smoking habits between patients who died and were dis-
charged (p = 0.184).
The rate of severe-critical clinical presentation was

higher in patients who died compared to the ones who
were discharged (88.2% versus 39.7%, p < 0.001). Rate of
mortality (30.4% versus 3.7%) and ICU need (42.7% ver-
sus 6.4%) were higher in severe-critical patients com-
pared to patients with mild-moderate disease (for all,
p < 0.001). The discharge rate of patients with mild-
moderate disease was higher than that of patients who
have severe-critical disease (96.3% versus 69.6%, p <
0.001).
Favipiravir and glucocorticoid usage rates were higher

in patients who died in the hospital compared with pa-
tients who were discharged (66.7% versus 25.3 and
14.1% versus 2.1% for all p < 0.001). There was not any
significant difference between died and discharged group
for RAAS blockers, beta-blockers, insulin, statin, oral
anti-diabetic, erythropoiesis-stimulating agents, vitamin
D receptor analogues, phosphate binders and iron medi-
cation use at admission.

Table 2 Baseline characteristics and laboratory findings of MHD patients with COVID-19 according to the disease severity

Mild-moderate disease
(n = 297)

Severe-critical disease
(n = 270)

p value

Age (year) 63 (52.00–71.00) 64 (54.00–73.00) 0.26

Hemodialysis duration (years) 3 (1.40–6.00) 3 (1.00–6.00) 0.86

LDH (> 2 × upper limit of normal), DH 47 (17.2) 89 (34.5) < 0.001

AST (> 2 × upper limit of normal), DH 17 (5.9) 58 (21.9) < 0.001

Lymphopenia (< 1500/mm3), DH 154 (52.7) 189 (71.1) < 0.001

Thrombocytopenia (< 150 × 103/mm3), DH 56 (19.2) 85 (31.6) < 0.001

Fever, n (%) 153 (51.5) 153 (56.7) 0.21

Dyspnea, n (%) 90 (30.3) 217 (80.4) < 0.001

Dry cough, n (%) 129 (43.4) 130 (48.1) 0.26

Fatigue, n (%) 112 (37.7) 123 (45.6) 0.58

Myalgia, n (%) 50 (16.8) 52 (19.3) 0.45

Headache, n (%) 24 (8.1) 22 (8.1) 0.97

Sore throat, n (%) 25 (8.4) 20 (7.4) 0.65

Anorexia, n (%) 13 (4.4) 24 (8.9) 0.030

Diarrhea, n (%) 13 (4.4) 9 (3.3) 0.52

No symptom, n (%) 40 (13.5) 2 (0.7) < 0.001

ICU admission, n (%) 19 (6.4) 115 (42.5) < 0.001

Mechanical ventilation need, n (%)* 10 (52.6) 81 (72.3) 0.08

In-hospital mortality, n (%) 11 (3.7) 82 (30.4) < 0.001

Abbreviations: COVID-19, coronavirus disease 2019; LDH, lactate dehydrogenase; DH, during hospitalization; AST, aspartate aminotransferase; ICU, intensive
care unit
*The percentage among ICU admitted patients
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Radiological manifestations (89.6%) were similar be-
tween patients who died and discharged (94.6% versus
88.7%, p > 0.05). RT-PCR positive test rate (47.7%) was
significantly higher in patients who died (61.3%) than
discharged (45.1%) (p < 0.001). Bilateral multiple lesions
on chest CT were seen more in patients who had died
compared to those who were discharged (80.6% versus
68.3%, p < 0.05).

Factors associated with risk of mortality
Cox regression survival analysis showed that age (HR;
1.022 [95% CI, 1.003–1.041], p = 0.025), severe-critical
disease at the time of diagnosis (HR; 6.223 [95% CI,
2.168–17.863], p < 0.001), presence of congestive heart
failure (HR; 2.247 [95% CI, 1.228–4.111], p = 0.009), fer-
ritin levels on admission (HR; 1.057 [95% CI, 1.006–
1.111], p = 0.028), AST (> 2x upper limit of normal) dur-
ing hospitalization (HR; 3.909 [95% CI, 2.143–7.132],
p < 0.001), thrombocytopenia (< 150 × 109/L) during
hospitalization (HR; 1.864 [95% CI, 1.025–3.390], p =
0.041) were risk factors for mortality (Table 3).

Discussion
In this multi-center study of a large group of hospital-
ized MHD patients with COVID-19, we have found a
mortality rate of 16.2% and mechanical ventilation need
in 16.0% of the patients. Age, presence of congestive
heart failure, severe-critical disease, high ferritin levels
on admission, high AST levels (> 2 x upper limit of nor-
mal) and thrombocytopenia during hospitalization were
associated with increased risk for mortality. Patients who
had in-hospital mortality had a significantly higher need
for ICU care and mechanical ventilation. Although many
studies were reported for MHD patients during COVID-
19 outbreak, most of the studies had small sample sizes

and there was a paucity of data for determinants of hos-
pital mortality. To the best of our knowledge, this is the
first study with the highest number of patients, which
assessed the short term outcome in hospitalized
COVID-19 MHD patients.
It is difficult to implement social isolation measures,

prevent and control infectious diseases including COVID-
19 in dialysis patients, as they are spending time in
crowded waiting areas before and after the hemodialysis
sessions [13]. MHD patients have a less efficient immune
system that may change their response to COVID-19.
Therefore, it is not surprising to see increased mortality
rates in MHD patients [14]. As of 12 December 2020,
there had been more than 70 million confirmed cases of
COVID-19 with 1,588,854 deaths (2.3%) all over the
World, reported by the World Health Organization
(WHO) [15]. There had been 2.7% mortality rate in hospi-
talized patients and 4.3% mechanical ventilation need of
COVID-19 in the general population in our country ac-
cording to national data of our Ministry of Health (about
362.800 COVID-19 patients by October 26, 2020) [16].
The mortality rate of hospitalized MHD with COVID-19
patients in our study (16.2%) was 6 times higher than the
general population. Previous studies from Italy showed
much higher mortality rates in small numbers of
hemodialysis patients as 41% (41 patients with a mean age
of 73) [17] and 24% (21 patients, mean age not men-
tioned) [18]. The mortality rate in Spain was also high
(30.5%) with a more elderly (mean age 71 years) popula-
tion [19]. In a study from New York, among 419
hemodialysis and peritoneal dialysis patients (mean age of
74 years) hospitalized with COVID-19, 133 patients died
(31.7%) and 89 patients needed mechanical ventilation
(21.2%) [9]. In these studies, mortality rate and mechanical
ventilation requirements were higher than our study. This

Table 3 Cox analysis of mortality

HR 95% CI for HR p

Lower Upper

Age (Year) 1.022 1.003 1.041 0.025

COVID-19 disease severity* 6.223 2.168 17.863 0.001

Congestive heart failure 2.247 1.228 4.111 0.009

AST (> 2 × upper limit of normal) during hospitalization 3.909 2.143 7.132 < 0.001

Thrombocytopenia (< 150 × 109/L) during hospitalization 1.864 1.025 3.390 0.041

Anaemia (Hgb < 10 g/dl) during hospitalization 0.541 0.284 1.029 0.061

CRP (mg/L)** 1.767 0.890 3.507 0.104

Ferritin (ng/L) 1.057 1.006 1.111 0.028

* Severe-Critical Disease/ Mild-Moderate Disease ** ≥10 times increase/ < 10 times increase
Abbreviations; COVID-19, coronavirus disease 2019; AST, aspartate aminotransferase; Hgb, Haemoglobin; CRP, C-reactive protein
The following variables were included in the model, which were found to be associated with mortality in univariate analyses: Age, gender, COVID-19
related clinic presentation at the time of diagnosis, congestive heart failure, chronic obstructive pulmonary disease, time between first symptom-diagnosis,
diagnosis with nasopharyngeal swab PCR test, diagnosis with radiological test, lymphocyte, platelet count, CRP level, serum albumin and ferritin at admission, AST
(> 2 × upper limit of normal), LDH (> 2 × upper limit of normal), lymphopenia (< 1.5 × 109 /L), anaemia (Hgb < 10 g/dl) and thrombocytopenia (< 150 × 109/L) during
hospitalization, computed tomography (CT) findings
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large discrepancy between mortality and mechanical ven-
tilation rates may be explained by the major difference of
median age of the patients. The mortality rate of COVID-
19 MHD patients in all these studies was higher than the
general population. This difference may easily be ex-
plained by the presence of multiple comorbid conditions
such as high cardiovascular comorbidity in patients with
MHD as well as being more older than the other cohorts.
Our results also showed that patients who died were
much older compared to discharged patients that is simi-
lar to Valeri et al.’s observations [4].
The median time between the occurrence of first symp-

toms and diagnosis of COVID-19 was three days in this
study. This implies that most patients had been hospital-
ized in less than a week after their symptoms have started.
Moreover, MHD patients diagnosed with COVID-19 dur-
ing the pandemic were hospitalized at the discretion of
the treating physician considering the accompanying risk
factors such as advanced age, comorbidities, having dialy-
sis in a remote center, and not having a private transfer
opportunity to a dialysis center. Therefore, even a group
of asymptomatic patients (7.5%) were hospitalized in this
cohort. In most studies, time to diagnosis had not been re-
ported. The length of hospital stay was reported as 11.4
days by Goicoechea et al. [19] and as 12 days by Alberici
et al. [18]. In both studies, the length of hospital stay was
higher than our study. This difference may be attributed
to early diagnosis and prompt hospitalization of our pa-
tients. Early diagnosis and hospitalization may also ensure
timely management of COVID-19 symptoms and institu-
tion of therapeutic approaches. This may also conduce to
earlier discharge rates in our study compared to earlier re-
ports. Another reason for the short median length of hos-
pital stay may be the high number of mild-moderate
patients in our study according to Goicoechea et al. and
Alberici et al. study.
Clinical presentations of COVID-19 in MHD patients

were highly variable. In our country, the pandemic plan
prepared by Ministry of Health has separated patients
into groups as severe-critical or mild-moderate for better
management and timely treatment of the severe cases
[11]. In this study, most of the symptoms on admission
were fever, dyspnea, dry cough, fatigue, whereas diar-
rhea, anorexia or sore throat was rare. The most com-
mon symptom in Goicoechea et al. [19] and Wang et al.
studies’ [20] was fever (67 and 60%). During admission,
the clinical symptoms of more than half of the patients
were mild-moderate and a small proportion had no
symptoms. The rate of severe-critical disease rate was
47.6% in this study. Xiong et al. found rate of severe-
critical disease in MHD patients as 23% [21], but they
did not report the rate of mortality and ICU need. In
our study, most of the patients who died had severe-
critical presentation. The mortality rate and the ICU

need were higher in severe-critical disease as expected.
Patients with severe-critical disease had more laboratory
evidence indicating presence of a cytokine storm. If
COVID-19 infected MHD patients have a severe-critical
disease presentation at the time of diagnosis, the mortal-
ity risk is 8.2 times higher than the mild-moderate clin-
ical presentation in our cohort.
The severity of viral infection can lead to a decrease in

some blood count parameters as markers of mortality.
Lymphopenia is one of the most common disorder in
COVID-19 and may be an early prognostic indicator [1].
Cytokine storm causing lymphopenia, leukopenia, and
high CRP levels were associated with COVID-19 severity
[22]. Cytokine storm was closely similar to secondary
hemophagocytic lymphohistiocytosis. Secondary hemo-
phagocytic lymphohistiocytosis is usually caused by viral
infections and characterized by constant fever and in-
creased ferritin levels [23]. High AST and LDH levels that
occur in the cytokine storm indicated that liver dysfunc-
tion might have been involved [24]. Furthermore, the
cytokine storm is causing hypercoagulability of blood and
finally give rise to thrombocytopenia. Thrombocytopenia
at admission was an independent risk factor for in-
hospital mortality and was associated with almost three-
fold increased risk for mortality compared to those with-
out thrombocytopenia [25]. Haemoglobin concentration is
one of the most important determinants of the oxygen-
binding capacity of the blood. COVID-19 interaction with
haemoglobin molecule can cause hemolysis and decrease
haemoglobin levels. If the haemoglobin level is low, pa-
tients cannot support their increased peripheral tissue de-
mand for oxygen [26]. In our study, haemoglobin levels
and lymphocyte counts were found low, ferritin and CRP
levels were found high on admission. Higher AST and
LDH levels were observed during hospitalization. Patients
who died had lower haemoglobin, lymphocyte and platelet
counts compared to discharged patients. Baseline CRP
levels were found higher in patients who died. This result
is consistent with findings in the MHD population re-
ported by Goicoechea et al. [19]. In general population
studies, COVID-19 disease mortality was associated with
lymphopenia, thrombocytopenia, and elevated CRP levels
[27, 28]. In the MHD specific COVID-19 study, the mor-
tality rate has been reported to be associated with high
CRP levels [29]. Ng et al. showed in a large group of
hemodialysis patients that the mortality risk was
associated with increased age, mechanical ventilator, lym-
phopenia, blood urea nitrogen, and serum ferritin levels
[9]. In our study, several laboratory findings, especially,
thrombocytopenia and high AST level during
hospitalization in COVID-19 MHD patients, were found
as risk factors of mortality. In addition, age and ferritin
levels were found to be associated with mortality, similar
to Ng et al. study [9].
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In our study, most patients presented with a radio-
logical abnormality, including multiple bilateral lesions.
The majority of our patients were diagnosed with chest
CT. RT-PCR test for COVID-19 was not positive in all
study patients. However, even if the negative RT-PCR
test, typical lesions on chest CT with clinical manifesta-
tions were considered as diagnosis of COVID-19. In
multivariate analysis, both the RT-PCR test and chest
CT were not related to mortality. We think that chest
CT may be more valuable for diagnosing COVID-19 in
MHD patients. Fang et al. found that the sensitivity of
chest CT for COVID-19 diagnosis was greater than RT-
PCR (98% versus 71%) [30]. Clinical sensitivity of RT-
PCR tests ranges from 66 to 80% in the general popula-
tion [31]. RT-PCR testing conditions and processes may
be far from perfect. That means nearly one in three in-
fected people who are tested will receive false-negative
results in the general population. Similar to the general
population, RT-PCR test sensitivity may be lower in
MHD patients for the diagnosis of COVID-19.
Congestive heart failure is highly prevalent and is a

leading cause of mortality in MHD patients [32]. In our
study, COPD and congestive heart failure were seen
more in patients who died. Classical cardiovascular risk
factors in the general population were not determined as
risk factors in our study. It was surprising that only con-
gestive heart failure was associated with increased
COVID-19 mortality. Alberici et al. reported that many
MHD patients had certain comorbid conditions such as
cardiovascular disease, hypertension, diabetes, and lung
disease, which were related to worse outcomes in pa-
tients with COVID-19 [18].
Although our study included a large number of pa-

tients from different centers, it has several limitations.
Clinical information of patients following their discharge
was not obtained, so we could not evaluate the effects of
COVID-19 on long-term outcomes. Blood pressure was
not included in the dataset. Immunoglobulin M (IgM)
and Immunoglobulin G (IgG) antibody seropositivity
were not evaluated. The dataset did not include Interleu-
kin 6 (IL-6) or D-Dimer levels, which might be associ-
ated with COVID-19 severity and mortality. Height and
weight were not measured for most of the patients due
to pandemic chaos and severe-critical conditions of
many patients. The Sequential Organ Failure Assess-
ment (SOFA) scores, extracorporeal membrane oxygen-
ation (ECMO), continuous renal replacement therapies,
vasopressor use, non-invasive ventilation and high flow
oxygen need in intensive care were not included in the
dataset.

Conclusion
This study has shown that COVID-19 hospitalized
MHD patients had a high mortality rate. Advanced age,

presence of heart failure, clinical severity of disease at
presentation, ferritin level on admission, platelet count
and AST level during hospitalization may be used to
predict the mortality risk of these patients.
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