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Abstract
Purpose: Severe acute respiratory syndrome coronavirus 2 which is a novel type of coronavirus, may lead
to high levels of expression of in�ammatory cytokines. Medium cut-off membranes may make greater
clearances for large-middle molecules (including cytokines) than low �ux membranes. In this study, we
aimed to evaluate impact of type of hemodialysis membranes on outcome of COVID 19+ hemodialysis
patients.

Methods: Forty nine COVID 19 + hemodialysis patients were included into study. The patients were
categorized into two groups regarding type of hemodialysis membranes. Clinical data, etiologies of
kidney diseases, comorbidities, laboratory and radiologic �ndings, antiviral, anti-cytokine treatments, and
hemodialysis data were taken from medical records.

Results: Medium cut-off membranes  were used in 15 patients and low �ux membranes  were used in 34
patients. There were signi�cantly more patients with comorbidities in medium cut-off group compare to
low �ux group (p=0,014). CRP and ferritin which are each surragates of cytokine storm in COVID-19, were
signi�cantly higher in medium cut-off membrane group compare to low �ux group (p=0,00, 0,01,
respectively).

Conclusion:  It may be an option to use medium cut-off membranes in hemodialysis patients with COVID
19 in order to reduce cytokine levels and prevent cytokine storm.

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which is a novel type of coronavirus, �rst
emerged at December 2019 in Wuhan, China [1]. It has been reported that SARS-CoV  may damage the
respiratory system and causes serious outbreaks with high mortality rate [2,3]. The most common
manifestation of infection is pneumonia which is characterized by bilateral in�ltrates in the lung[4,5,6]. 
Positive reverse transcription-polymerase chain reaction (RT-PCR) assay  for COVID-19 from upper
respiratory system  con�rm the diagnosis[7]. Reports indicate that individuals with older age and/or with
underlying illnesses, such as diabetes mellitus, hypertension, or cardiovascular diseases, indicate poor
prognosis for COVID-19 [4,8,9]. These comorbidities are common in hemodialysis (HD)
patients. Moreover, patients with chronic kidney failure have impaired immune function involving both
innate and adaptive systems. These result in both immunodepression which increases vulnerability to
infections [10].

   During the course of COVID-19, high levels of expression of in�ammatory cytokines (interleukin 1 beta
(IL-1β), interferon gamma (IFN-γ),interferon gamma-induced protein 10 (IP-10), and monocyte
chemoattractant protein 1 (MCP-1) ) may activate the T-helper type 1 (Th1) cell response [11]. Th1
activation is paramount importance of activation of speci�c immunity [12]. Severity of the disease is well
correlated with high serum levels of interleukin-2 receptor (IL-2R) and interleukin 6 (IL-6) [13]. IL-6
stimulates production of CRP [14].  In addition, the activation of the monocyte-macrophage system,
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which is a vital part of in�ammatory storm, stimulates ferritin production [15]. The cytokine storm causes
organ dysfunction, which may cause death [16].

HD is an extracorporeal process in which waste  products that accumulate in patients with end-stage
renal disease, is removed by a semipermeable membrane [17]. Three type of hemodialysis membranes
are described: low �ux (LF), high �ux (HF) and medium cut-off (MCO) [18].  MCO membranes may make
greater clearances and intradialytic reduction ratios for large-middle molecules (including cytokines) than
LF and HF membranes [19].

    In this study, we aimed to evaluate impact of type of hemodialysis membranes (MCO membrane
versus LF membrane) on outcome of COVID 19+  HD patients.

Methods
Patients and methods

Study setting

This study was performed in two tertiary care university hospitals which are serving in an area with 
approximately 16 million residents. The study was done  in compliance to the Declaration of Helsinki.
Institutional approval was taken from the local ethical review committee. The participants’ identities were
kept con�dential.

Study population

All HD �les of the COVID 19 +  patients who had chronic  HD treatment between the time period of 11
March 2020 and 15 May 2020 were examined. Hospital records were evaluated retrospectively. Forty nine
COVID 19 + HD patients were included into study.

The patients were categorized into two groups regarding type of hemodialysis membranes: Group 1
patients underwent HD with MCO membranes and group 2 with LF membranes.

Data collection

The medical data of the patients were retrospectively obtained using standardized forms by a physician
who did not know the outcome of the patients. Clinical data, etiologies of kidney diseases, comorbidities,
laboratory and radiologic �ndings, antiviral, anti-cytokine treatments, and HD data were taken from
medical records.

 Patient management

The positive RT-PCR and/or radiological �ndings were used to con�rm the diagnosis. Disease activity
was described as follows: asymptomatic, mild disease (symptoms with or without mild dyspnea),
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moderate disease (dyspnea requiring oxygen therapy) and severe disease (dyspnea requiring intensive
care treatment). All HD patients were hospitalized due to high mortality risk for COVID 19.

Antiviral and cytokine-targeted therapy

Our managements were based on a national guide written by the scienti�c board of our country and
published by our health ministry. All of the hospitalized patients were initially medicated with
hydroxychloroquine (400 mg BID for the �rst day, and then 200 mg BID for four days; oral) and
azithromycin (500 mg QD for the �rst day, and then 250 mg QD for the four days; oral) and oseltamivir
(75 mg BID for 5 days). Favipiravir (1600 mg BID for the �rst day, and then 600 mg BID for the four days;
oral) was given to refractory cases. Tocilizumab (400 mg QD for two days; intravenous) was used in the
management of cytokine release syndrome which especially developed in severe cases.

Anticoagulation and oxygen treatment

Standart heparin or low molecular weight heparin was used in hemodialysis sessions unless
contraindicated.  Half dose low molecular weight heparin was used in all patients at hemodialysis free
days unless contraindicated. Oxygen treatment was givento the patients with oxygen saturation below
92%. If respiratory failure progressed, �rstly non-invasive ventilation and then mechanical ventilation was
performed in the intensive care unit .

Statistical analysis

Data were expressed as mean ± SD. Data of HD patients with LF membrane and MCO membrane were
compared using Student’s t test and chi-square test. All computations were made using the SPSS for
Windows v.17.0 software (SPSS Inc., Chicago, IL, USA). P values of <.05 were considered signi�cant.

Results
Forty-nine HD patients were enrolled into the study.  Etiologies of kidney disease in group 1 were as
follows: hypertension in 5 (35,7%) patients, diabetes mellitus in 3 (21,5%), collagen vascular diseases in 1
(7,1%), chronic glomerulonephritis in 1 (7,1%), autosomal dominant polycystic kidney disease (ADPKD) in
1 (7,1%) and unknown disease in 3(21,5%). Etiologies of  kidney disease in group 2 were as follows:
diabetes mellitus in 12 (34,3%) patients, hypertension in 9 (25,7%), collagen vascular diseases in 3 (8,6%),
chronic glomerulonephritis in 1 (2,8%),  ADPKD in 1 (2,8%) and unknown in 9 (25,7%).

MCO (Theranova 400, BaxterTM , U.S.A) membranes  were used in 15 patients and LF membranes (Elisio-
21 M, Nipro TM , Japan) were used in 34 patients. Initial demographics and clinical characteristics and
labarotory �ndings of two groups are shown in Table 1. Mean age of two groups was similar. There were
signi�cantly more patients with comorbidities in MCO group compare to LF group (p=0,014). Kt/V, serum
creatinine and sodium levels and platelet count were signi�cantly higher in MCO group compare to LF
group (p=0,047, 0,001, 0,002, 0,005, respectively).  CRP and ferritin which are each surragates of cytokine
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storm  in COVID-19, were signi�cantly higher in MCO group compare to LF group (p=0,00, 0,01,
respectively).

Symptoms and physical �ndings during onset of diagnosis are shown in Table 2. Majority of the patients
had fever, cough, dyspnea and myalgia. All of the patients had radiological �ndings for Covid-19.
Whereas, 21(42,8%) patients had positive PCR test for COVID-19.

 Disease activity of the patients during onset of diagnosis is shown in Table 3. Regarding LF group,
majority of the patients had mild- moderate disease activity. Whereas, there were more severe patients in
MCO group compare to LF group in terms of disease activity.

Regarding treatment types, two groups  were  treated by similar drugs according to severity of the disease
(Table 4). In the MCO group, more patients needed to require favipravir and tocilizumab treatments
compare to LF group.

The outcomes  of two groups are shown in Table 5. Length of hospital stay was signi�cantly longer in
MCO group compare to LF group (p=0,012). However, there were no signi�cant differences between two
groups in terms of  need for intensive care unit and death.

Discussion
COVID-19 is a life-threatening disease, has affected all countries recently. One of the most important
complication of virus is hemophagocytic lymphohistiocytosis (HLH)- macrophage activation syndrome
(MAS) via cytokine storm. Laboratory signs and symptoms of HLH-MAS include severe elevation in acute
phase parameters such as CRP and ferritin,  persistent fever, hepatosplenomegaly, cytopenias,
hypertriglyceridemia, hypo�brinogenemia and elevation of AST [20]. HLH-MAS causes organ dysfunction,
which may cause death [16].

There is no currently cure for COVID-19. Therefore, clinicians are nowadays trying treat COVID-19 patients
who progressed to HLH-MAS by some agents such as anti-viral agents, glucocorticoids, IL-6 antagonists,
IL-1 antagonists, intravenous immunoglobulin, convalescent plasma, janus kinase inhibitors [20]. Also it
was  speculated that blood puri�cation technology can prevent COVID-19 patients from severe
pneumonia via cytokine clearance [21,22].

MCO is a novel type membrane for HD. In a study performed by Kim et al., it was showed that HD with
MCO membranes achieved signi�cantly greater reduction ratio of large middle molecules (including
cytokines such as IL-1 and IL-6), than HD with conventional membranes and online-hemodio�ltration [19].

In this study,  we divided HD patients  into two groups (LF membrane versus MCO membrane) in order to
evaluate impact of MCO membranes on survival of patients with COVID-19.

 Regarding clinical symptoms and laboratory results (especially CRP and ferritin levels), there were more
severe COVİD-19  patients in MCO group compare to LF group. In addition,  MCO group patients stayed
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longer in the hospital due to possibly severity of disease. Despite these data, there were no differences
between two groups in terms of  need for intensive care unit and death. In the light of these results, we
can assume that MCO membranes may protect patients from HLH-MAS via cytokine puri�cation.

 The limitations of our study are that we performed this study in  a small population. In small groups, it
may be di�cult to interpret statististical analysis. In addition, we could not measure IL-6 levels before and
after HD sessions in order to see reduction in IL-6 level which  is a good marker for in�ammation in
COVID-19 disease.

 In conclusion, it may be an option to use MCO membranes in HD patients with COVID 19 in order to
reduce cytokine levels and prevent cytokine storm. Also we can speculate that COVID-19 patients with
cytokine storm  may bene�t from standart HD with MCO membranes regardless renal failure.
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  Medium cut-off membrane

(n = 15)
 

 
Low flux membrane

(n=34)
 

 
            P

Age (year) 65,5 62.7 0,519
Gender (male/female) 7 / 8 15 / 19 0,869
Dialysis length (month)                    39,5±40,7           50,2±45,1         0,442
Number of dialysis session per week   (3 / 2) 12 / 3 30 / 4  
Kt /V      1,36±0,24 1,24±0,14 0,047
Presence of hypertension (%) 12 (80,0) 27 (79,4) 0,967
Presence of diabetes mellitus (%) 5 (33,3) 14 (41,1) 0,604

Presence of comorbidities † (%) 13 (86,6) 10 (29,4) 0,014

Use of ACE-İ / ARB‡ (%) 3 (20,0) 2 (5,8) 0,132

Use of immunosuppresive drugs 0 0  
Hypotension during onset of diagnosis  (%) 2 (13,3) 2 (5,8) 0,380
Hemoglobin (g/dl) 9,8±1,4 10,3±1,6 0,40

White blood cells (103/uL) 9,086±4,701 7,947±3,936 0,383

Lymphocyte (103/uL) 1 053±0,422 1 085±0,602 0,853

Platelet count (103/uL) 265 506±76 691 196 058±64 825 0,002

CRP (mg/L) 182,7±83,6 94,4±69,5 0,000
Procalcitonin (ng/ml) 1,1±0,77 6,8±12,8 0,124
Ferritin (µg/L) 5505±11072 608,6±338,3 0,015
Serum creatinine (mg/dl) 8,7±2,9 6,07±2,07 0,001
Sodium (mmol/L) 137±4,1 134,1±2,6 0,005
Potassium (mmol/L) 4,8±0,91 4,8±0,82 0,976
Calcium (mg/dl) 8,1±0,89 8,2±1,1 0,956
Serum albumin (g/L) 3,1±0,59 3,7±0,35 0,001
Presence of lesion on chest tomography (%) 15 (100) 34 (100)  

†: Ischemic heart disease, heart failure, chronic obstructive pulmonary disease, cerebrovascular disease ,

 malignancy, chronic liver disease, systemic vasculitis  ‡: ACE-İ; Angiotensin-converting enzyme
inhibitors. ARB: Angiotensin II receptor blockers

Table 2. Symptoms and physical findings during onset of diagnosis.
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Medium cut-off membrane

(n = 15)
 

 
Low flux membrane

(n=34)
 

Fever (%) 8 (53,3%) 23 (67,6%)
Cough (%) 7 (46,6%) 16 (47%)
Dyspnea (%) 10 (66,6%) 15(44,1%)
Fatigue (%) 11(73,3%) 25(73,5%)
Myalgia (%) 10(66,6%) 19(55,8%)
Diarrhea (%) 1 (6,6%) 1 (2,9%)
Other (%) 1(6,6%) 3(8,8%)
Mean respiratory rate (min) 22,8±4,2 22,6±5,1
Mean heart rate (min) 81,11±11,6 77,3±22
Mean blood pressure (mm/Hg) 129,1±21,1/75,7±10,3 126,1±17,5/80±9,8

 

Table 3. Disease activity of the patients during onset of diagnosis.

 
Medium cut-

off membrane
(n = 15)

 

 
Low flux

membrane
(n=34)

 
symptomatic
Diagnosis with screening)

0 1 (2,9%)

Mild disease
symptoms with or without mild dyspnea)

1 (6,7%) 17 (50%)

Moderate
dyspnea requiring oxygen therapy)

4  (26,6%) 16  (47,1%)

evere disease
dyspnea requiring intensive care
reatment)

10 (66,7%) 0

 

Table 4. Types of treatments against COVID 19.
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Medium cut-off membrane

(n = 15)
 

 
Low flux membrane

(n=34)

(Hydroxychloroquine + Oseltamivir
Azithromycin)

15 (100%) 34 (100%)

+ Favipiravir  7 (46,6%) 6   (17,6%)

+ Favipiravir + Tocilizumab 2 (13,3%) 1  (2,9%)

 

Table 5. Outcomes of two groups.

   
Medium cut-
off membrane

 (n = 15)
 

 
  Low flux
membrane
            (n=34)

 

 
   P

Length of hospital stay (day) 20,9±19,8 10,8±7,4  0,012

Need for intensive care unit
(%)

6 (40.0) 12 (35.2)  0,753

 Death (%) 4 (26.6) 9 (26.4)  0,989

 


