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Abstract 

Background:  Patients with coronavirus disease 2019 (COVID-19) who receive dialysis therapy develop more severe 
disease and have a poorer prognosis than patients who do not. Although various data on the treatment of patients 
not receiving dialysis therapy have been reported, clinical practice for patients on dialysis is challenging as data is 
limited. The Infection Control Committee of the Japanese Society for Dialysis Therapy decided to clarify the status of 
treatment in COVID-19 patients on dialysis.

Methods:  A questionnaire survey of 105 centers that had treated at least five COVID-19 patients on dialysis was 
conducted in August 2021.

Results:  Sixty-six centers (62.9%) responded to the questionnaire. Antivirals were administered in 27.7% of facili-
ties treating mild disease (most patients received favipiravir) and 66.7% of facilities treating moderate disease (most 
patients with moderate or more severe conditions received remdesivir). Whether and how remdesivir is administered 
varies between centers. Steroids were initiated most frequently in moderate II disease (50.8%), while 43.1% of the 
facilities initiated steroids in mild or moderate I disease. The type of steroid, dose, and the duration of administration 
were generally consistent, with most facilities administering dexamethasone 6 mg orally or 6.6 mg intravenously for 
10 days. Steroid pulse therapy was administered in 48.5% of the facilities, and tocilizumab was administered in 25.8% 
of the facilities, mainly to patients on ventilators or equivalent medications, or to the cases of exacerbations. Further-
more, some facilities used a polymethylmethacrylate membrane during dialysis, nafamostat as an anticoagulant, and 
continuous hemodiafiltration in severe cases. There was limited experience of polymyxin B-immobilized fiber column-
direct hemoperfusion and extracorporeal membrane oxygenation. The discharge criteria for patients receiving dialysis 
therapy were longer than those set by the Ministry of Health, Labor and Welfare in 22.7% of the facilities.

Conclusions:  Our survey revealed a variety of treatment practices in each facility. Further evidence and innovations 
are required to improve the prognosis of patients with COVID-19 receiving dialysis therapy.
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Background
Coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first reported in China in December 2019 
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and resulted in a global pandemic that has not yet been 
controlled. As of December 28, 2021, more than 278 mil-
lion people worldwide were affected by COVID-19, and 
more than 5.4 million people had died [1]. In Japan, by 
December 29, 2021, 1.73 million people were affected by 
COVID-19 with more than 18,000 deaths [2]. Dialysis 
patients are known to be at a risk for severe disease [3]. 
The prognosis of COVID-19 patients with chronic kidney 
disease is poor, especially in those undergoing hemodi-
alysis, in whom the mortality rate ranges from 14% [4] 
up to 50% in severe COVID-19 cases [5]. In Japan, as of 
December 23, 2021, 2,676 dialysis patients were affected 
by COVID-19, with 423 deaths and a mortality rate of 
15.8% [6]. Although a treatment guide for COVID-19 
has been published in Japan [7], it is basically based on 
evidence from non-dialysis patients. In addition, some 
of the drugs used to treat COVID-19 patients have not 
been shown to have an adequate safety profile in dialy-
sis patients, resulting in difficulties in making treatment 
decisions. To summarize the treatment methods used by 
each institution and to improve the prognosis of dialy-
sis patients, a questionnaire survey was conducted to 

evaluate the treatment provided by each facility in Japan 
to allow further refinements in the future.

Methods
In August 2021, a questionnaire on the treatment of 
COVID-19 in patients receiving dialysis therapy was dis-
tributed to 105 facilities that was registered with the Jap-
anese Association of Dialysis Physicians or the Japanese 
Society for Dialysis Therapy (JSDT), and had accepted 
at least five COVID-19 patients who were receiving 
dialysis therapy. They were requested to respond anon-
ymously. Disease severity was determined in accord-
ance with the guidelines for the treatment of COVID-19 
published by the Ministry of Health, Labor and Welfare 
(MHLW) [7]. Mild disease was defined as oxygen satura-
tion (SpO2) ≥ 96% and no respiratory symptoms or only 
cough without dyspnea; moderate disease I was defined 
as 93% < SpO2 < 96% and findings of dyspnea or pneu-
monia; moderate disease II was defined as SpO2 ≤ 93% 
and the need for oxygen therapy; and severe disease was 
defined as admission to the intensive care unit (ICU) or 
the need for a ventilator.

Table 1  Questionnaire on the treatment of COVID-19 in patients receiving dialysis therapy

General questions

Select the severity of the admitted patients (mild, moderate disease I; moderate disease II; severe).

Describe the number of dialysis patients (including peritoneal dialysis and combination therapy) with COVID-19.

(1) Were antivirals administered to patients with mild disease?

Describe the type of antivirals administered.

(2) Were antivirals were administered to patients with moderate I or more severe disease?

Describe the type of antivirals administered.

Describe the protocol of remdesivir if administered.

(3) When were steroids initiated? Select the severity of the disease (mild, moderate disease I; moderate disease II; severe).

(4) Describe the type, dose, method, and duration of steroids (the standard therapy consists of dexamethasone 6 mg for 10 days).

(5) Was steroid pulse therapy ever applied?

Describe the treatment protocols and their criteria.

(6) Was the duration of steroid administration prolonged?

What parameters were used when extending the duration of treatment?

(7) Was tocilizumab or baricitinib ever applied?

Describe the criteria.

(8) Were the membranes and anticoagulants changed during dialysis?

Specify the details.

(9) Was continuous hemodiafiltration (CHDF) or polymyxin B-immobilized fiber column-direct hemoperfusion used in severe cases?

Describe the criteria for starting CHDF, membranes, and anticoagulants.

Describe the criteria for using PMX-DHP.

(10) Have you ever applied extracorporeal membrane oxygenation?

Describe the criteria and its prognosis if you have.

Describe the reasons if you have not.

(11) Are the discharge criteria for patients undergoing dialysis the same as those for general patients?

Describe the discharge criteria.

(12) Do you explain `Do Not Attempt Resuscitation’ on admission?
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Details of the questionnaire are presented in Table  1. 
Briefly, questionnaire included about (1) presence/
absence and type of antivirals, (2) presence/absence and 
type of steroids, (3) the use of steroid pulse therapy and 
tocilizumab, (4) the choice of dialysis membrane and 
anticoagulants, (5) the use of Polymyxin B-immobilized 
fiber column-direct hemoperfusion (PMX-DHP) and 
Continuous hemodiafiltration (CHDF), and (6) Do Not 
Attempt Resuscitation (DNAR). Along with optional 
questions, open-ended questions were included to col-
lect valid and honest opinions. Then, each question in 
the questionnaire was collated. This survey was proposed 
by the Infection Control Committee of JSDT and was 
approved by the Board of Directors of JSDT as an urgent 
matter.

Results
A questionnaire survey was distributed to 105 facili-
ties that had accepted five or more dialysis patients with 
COVID-19, of which 66 facilities (62.9%) responded. Fig-
ure 1a shows the number of COVID-19 patients admitted 
to the facilities who responded to the questionnaire up to 
August 2021. Figure 1b shows the severity at each facility 
accepted for hospitalization (including duplicates). The 
use of antiviral drugs was evaluated according to sever-
ity. Among those with mild disease, 27.7% of facilities 
(18 out of 65 facilities) administered antivirals (Fig.  2a). 
16.7% of the facilities (3 out of 18 facilities) administered 
remdesivir, and 38.9% of them (7 out of 18 facilities) 
administered favipiravir (Fig. 2b). In patients with mod-
erate disease I or higher, 66.7% of facilities (44 out of 66 

facilities) administered antivirals (Fig.  2a). 65.9% of the 
facilities (29 out of 44 facilities) administered remdesivir 
and 15.9% of them (7 out of 44 facilities) administered 
favipiravir (Fig. 2b). The administration protocols of rem-
desivir were (1) 200 mg on the first day and 100 mg on 
the second and subsequent days (usual dose) in 55.2% (16 
out of 29 facilities), (2) 100 mg 4 h before dialysis (only on 
dialysis days) in 27.6% (8 out of 29 facilities), and others 
in 17.2% (5 out of 29 facilities) (Table 2).

When we queried when to initiate steroid therapy 
in terms of the disease severity, 3.1% of the facilities 
started in mild condition, 40.0% in moderate I, 50.8% 
in moderate II, and 6.2% in severe (Fig.  3a). Regard-
ing the type of steroids used, dexamethasone was the 
most commonly used steroids, followed by methyl-
prednisolone, and then prednisolone (Fig.  3b). All 
the facilities using dexamethasone used at doses of 
6  mg orally (6.6  mg intravenously) or 0.15  mg/kg; the 

Table 2  The protocols of remdesivir (29 facilities responded)

* Usual daily dose: day 1, 200 mg; day 2 onwards, 100 mg
** Percentage for the facilities providing remdesivir protocol (29 facilities)

Other dosage methods

-100 mg three times after dialysis

-100 mg on consecutive days (specific duration is not shown)

-100 mg (day 1), 50 mg (days 2–5)

-200 mg (day 1), 100 mg (days 2 and 3), dialysis thereafter for a total of 10 vials

-200 mg (day 1), 100 mg (days 2 and 3), dialysis thereafter

Perform 3 h of CHDF 4 h after administration

Methods Duration Number (%)**

Administration by the normal dose* 5 days 6 (20.7)

6–9 days 6 (20.7)

10 days 2 (6.9)

Not shown 2 (6.9)

Administration 4 h before dialysis 5–6 times 4 (13.8)

Not shown 4 (13.8)

Others 5 (17.2)
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Fig. 1  The profiles of facilities admitting COVID-19 patients receiving 
dialysis therapy. a The facilities were divided into five groups by the 
number of COVID-19 dialysis patients admitted to each facility; < 10 
patients, 10–19 patients, 20–29 patients, 30–39 patients, and ≥ 40 
patients. b Severity of the COVID-19 dialysis patients that were 
admitted. The severity at each facility accepted for hospitalization 
was divided into mild, moderate I, moderate II, and severe, which 
accounted for 48, 56, 57, and 39 facilities, respectively
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methylprednisolone was used at a dose of 1 to 2  mg/
kg. Regarding the method of steroid administration, 
29.8% administered steroids orally, 47.4% administered 
steroids intravenously, and 22.8% decided the route 
according to the situation (Fig.  3c). Regarding exten-
sion of the duration of steroids (against a standard 
10-day course), 74.2% reported extending the duration 
of steroids (Fig. 3d). Indicators of prolonged steroid use 
included respiratory status (oxygen demand) and imag-
ing findings of chest radiography and chest computed 
tomography (Table 3). Moreover, when queried regard-
ing steroid pulse therapy, 48.5% (32 out of 66 facilities) 
reported using this therapy. The dosage of steroid pulse 
therapy is shown in Table 4. The criteria for the use of 
steroid pulse therapy included ventilator or equiva-
lent status, exacerbation of symptoms, and failure to 
respond to conventional therapy (Table 5). When que-
ried regarding the use of tocilizumab and baricitinib, 
25.8% (17 out of 66 facilities) reported using tocili-
zumab, and 3.0% (2 out of 66 facilities) reported using 
baricitinib. Tocilizumab was also used more frequently 
in patients on ventilators or equivalent medications and 
during exacerbations (Table 6).

Furthermore, to evaluate the possibility of switch-
ing dialysis membranes and anticoagulants during 
dialysis, 18.2%  (12 out of 66 facilities) responded to 
switch. 9.1%  (6 out of 66 facilities) changed to nafamo-
stat, 3.0% (2 out of 66 facilities) changed to polymethyl-
methacrylate (PMMA), and 3.0%  (2 out of 66 facilities) 
increased the membrane surface area to reduce the dura-
tion of dialysis (Table 7). Regarding the use of CHDF and 
PMX-DHP in severe cases, 46.3% (25 out of 54 facilities) 
responded to use CHDF, and 3.7% (2 out of 54 facilities) 
used PMX-DHP. Twelve percent  (3 out of 25 facilities) 
used nafamostat as an anticoagulant, and 16.0% (4 out of 
25 facilities) used an Polyethyleneimine-coated polyacry-
lonitrile (AN69ST) membrane (Table 8).

Ten facilities among responded 66 facilities (15.2%) 
reported having experience with extracorporeal mem-
brane oxygenation (ECMO) in patients undergoing 
dialysis. The reasons for the avoidance of using ECMO 
were a lack of equipment and a lack of appropriate 
patients (Table 9).
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Fig. 2  The details in antivirals. a The use of antivirals was evaluated 
according to severity. A total of 66 facilities responded the survey (65 
facilities for mild and 66 facilities for moderate I or more severe). 
“ + ” indicates administration of the antivirals, and “-” indicates no 
administration of the antivirals. Among those with mild disease, 
27.7% of facilities (18 facilities) administered antivirals, and 72.3% 
(47 facilities) did not. In patients with moderate disease I or more 
severe conditions, 66.7% (44 facilities) administered antivirals, and 
33.3% (22 facilities) were not. b The numbers of facilities treated 
with either remdesivir or favipiravir at each severity were evaluated. 
Among 18 facilities administering antivirals in mild disease, 3 facilities 
(16.7%) administered remdesivir, 7 facilities (38.9%) administered 
favipiravir and other 8 facilities (44.4%) did not answer the question 
or administered anti-SARS-CoV-2 monoclonal antibodies. Among 
44 facilities administering antivirals in moderate disease I or more 
severe disease, 29 facilities (65.9%) administered remdesivir, 7 facilities 
(15.9%) administered favipiravir and other 8 facilities (18.2%) did not 
answer the question or administered anti-SARS-CoV-2 monoclonal 
antibodies

Table 3  Indicators for determination of steroid extension (49 facilities responded)

Indicators
"※Multiple answers

Number (%)

Respiratory condition (oxygen demand) 35 (71.4)

X-ray or computed tomography findings 16 (32.7%)

Body temperature 9 (18.4%)

Inflammatory markers 9 (18.4%)

General conditions 2 (4.1%)
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Regarding discharge criteria, 22.7% (15 out of 66 
facilities) extended the length of hospital stay for dial-
ysis patients compared to the general population. The 
reasons included a longer time to confirm negative pol-
ymerase chain reaction (PCR) as well as antigen tests 
and the immunocompromised condition of the patients 
(Table  10). Finally, when queried about discussing Do 
Not Attempt Resuscitation (DNAR) on admission, 
56.1% (37 out of 66 facilities) reported explaining it to 
all patients, 40.9% (27 facilities) reported explaining it 
to a limited number of patients, and 3.0% (2 facilities) 
reported not explaining it at all.

Discussion
Dialysis patients affected by COVID-19 are more severely 
ill and have a higher mortality rate [3–5]. Therefore, JSDT 
has recommended all patients on dialysis who are diag-
nosed as COVID-19, including those with mild disease, 
to be hospitalized. As there is little evidence to support 
the use of drugs in patients with dialysis therapy, each 
institution has made efforts to treat these patients. The 
Infection Control Committee of JSDT conducted a ques-
tionnaire survey to summarize the approaches taken by 
each facility and encourage future treatment.

The first question was about the appropriate timing to 
start antivirals. This survey revealed that antivirals were 
administered 27.7% of the facilities to patients with mild 
disease (Fig.  2a). Favipiravir was used more frequently 
than remdesivir in patients with mild disease (Fig.  2b). 
Although favipiravir has been shown to be effective in 
patients with mild to moderate disease I in a prospective, 

randomized, open-label trial [8] and can be used in 
patients on dialysis with great expectations, large clini-
cal trials have not demonstrated the efficacy of favipira-
vir, gradually leading to their reduced use. Remdesivir is 
also not recommended for patients undergoing hemodi-
alysis. Moreover, remdesivir was indicated for patients 
with moderate or more severe disease until 26th of Jan-
uary 2022, which might have prevented its use. In con-
trast, in patients with moderate disease I or more severe 
conditions, the use of favipiravir decreased and the use 
of remdesivir increased (Fig.  2b). However, in patients 
with impaired renal function, excretion of sulfobutyl-
ether-beta-cyclodextrin, which solubilizes excipient rem-
desivir, is delayed [9]. Therefore, the use of remdesivir 
in patients with an estimated glomerular filtration rate 
of < 30 mL/min/1.73 m2 should be considered only when 
the therapeutic benefit outweighs the risk due to con-
cerns about the hepatic and renal tubular sequelae caused 
by its accumulation. There are no fixed dosing regimens, 
and the dosing methods are variable, as shown in Table 2. 
Aiswarya et  al. proposed up to six doses in hemodialy-
sis patients 4  h before the dialysis session [9], and Tha-
kare et al. proposed the usual dose (200 mg initially, then 
100 mg/day) [10]. Kikuchi et al. investigated the efficacy 
of remdesivir in the treatment of COVID-19 in patients 
receiving dialysis therapy in”a nationwide cohort study”, 
which showed that remdesivir was effective in shortening 
the hospital stay and reducing the risk of mortality [11]. 
These reports led to an increase in the number of centers 
administering remdesivir; however, many centers were 
still unable to administer remdesivir due to concerns 
about its effects and safety, thus remaining used at a low 
rate in patients with moderate disease I and more severe. 
Further studies on the administration and safety of rem-
desivir are expected to ensure its safe use.

Second, severity applied to steroid initiation was 
assessed. The questionnaire survey revealed that ster-
oids were administered to patients with mild or mod-
erate I disease who did not require oxygen (Fig.  3a). 
The open-label randomized evaluation of COVID-19 
therapy (RECOVERY) study in the UK, which provided 
the rationale for the use of dexamethasone, showed that 
steroids significantly reduced mortality in patients with 
oxygen demand or ventilator management but did not 
result in a significant difference in patients with no oxy-
gen demand [12]. Furthermore, subsequent reports have 
shown that steroids are associated with increased mortal-
ity in patients with no oxygen demand [13] and are thus 
not recommended. Therefore, it is crucial to limit ster-
oid administration to patients with oxygen demand. In 
addition, evidence of steroid administration in patients 
receiving dialysis therapy is limited. Toçoglu et al. stud-
ied the efficacy of dexamethasone in dialysis patients 

Table 4  Dose of steroid pulse therapy (21 facilities responded)

Dose (methylprednisolone) Number (%)

1000 mg 6 (28.6)

500–1000 mg 7 (33.3%)

500 mg 4 (19.0%)

250 mg 3 (14.3%)

125–250 mg 1 (4.8%)

Table 5  Criteria for steroid pulse therapy (32 facilities 
responded)

Criteria Number (%)

On ventilator or equivalent 8 (25.0%)

Exacerbation 5 (15.6%)

No response to conventional treatment 4 (12.5%)

Oxygen demand 2 (6.3%)

Not shown 13 (40.6%)
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Fig. 3  The details in steroid therapy. a The severity at the time of steroid treatment initiation was evaluated. A total of 65 facilities responded to the 
survey. Two facilities (3.1%) were classified as mild, 26 (40.0%) as moderate I, 33 (50.8%) as moderate II, and 4 (6.2%) as severe. b The types of steroids 
used were also evaluated. A total of 58 facilities responded to the survey: dexamethasone was used at 52 facilities (89.7%), methylprednisolone was 
used at 4 facilities (6.9%), and prednisolone was administered at 2 facilities (3.4%). c The method of steroid administration was evaluated. A total of 
57 facilities responded: 17 (29.8%) administered steroids orally, 27 (47.4%) administered steroids intravenously, and 13 (22.8%) decided the route 
according to the situation. d The duration of steroid use was also evaluated. A total of 66 facilities responded to the survey: 49 (74.2%) extended 
duration of steroid use

Table 6  Criteria for tocilizumab (17 facilities responded)

Criteria Number (%)

On ventilator or equivalent 4 (23.5)

Exacerbation 4 (23.5)

No response to conventional treatment 1 (5.9)

Pneumoniae without Tb and HBV 1 (5.9)

Not shown 3 (17.6)

Table 7  The alterations of methods for anticoagulants or 
membrane (66 facilities responded)

Methods Number (%)

Nafamostat 6 (9.1)

PMMA membrane 2 (3.0)

Increase in membrane area 2 (3.0)
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with moderate II COVID-19 and found that the dura-
tion of hospital stay in the dexamethasone-treated group 
was significantly longer than that in the non-dexameth-
asone-treated group and that the 28-day survival rate 
was insignificant [14]. Although it is difficult to conduct 
a prospective RCT, further studies are required to deter-
mine whether patients on dialysis therapy have a better 
prognosis by treating with steroids. Regarding the type of 
steroid used, most of the facilities used dexamethasone, 
followed by methylprednisolone (Fig. 3b). The reasons for 
these differences include that dosage adjustment is eas-
ier with methylprednisolone due to differences in body 
weight between patients, that methylprednisolone has 
been reported to be more highly translocated to lung tis-
sue than dexamethasone in animal studies [15], and that 
an RCT by Ranjbar et al. reported that methylpredniso-
lone was better than dexamethasone in terms of ventila-
tor requirements, ICU admission, length of hospital stay 
at day 5 and 10, and regarding 28-day all-cause mortal-
ity [16]. Currently, dexamethasone is the most used ster-
oid in Japan, but the type of steroid also requires further 
investigation. In terms of the duration of steroids, many 
facilities reported that the duration of steroids should 
be longer than the usual 10  days (Fig.  3d). This may be 
because it takes longer to improve respiratory status and 

imaging findings in patients receiving dialysis therapy, as 
shown in Table 3. Another issue to consider is the effect 
of steroid pulse therapy. The results of this survey showed 
that steroid pulse therapy was used in 48.5% of facilities. 
In Europe and the USA, steroid pulse therapy is rarely 
used because of concerns regarding secondary infections. 
However, in Japan, our survey revealed that steroid pulse 
therapy is used more frequently in patients with worsen-
ing symptoms of moderate II or higher and in patients 
who require a ventilator because of its strong inflamma-
tory response (Table  5). Edalatifard et  al. reported that 
250  mg/day steroid pulse therapy for 3  days resulted in 
a significantly higher clinical improvement and a lower 
mortality rate than the control group [17]. In a report 
from Japan, Tamura et al. reported the therapeutic effect 
of high-dose steroid pulse therapy (1  g of methylpred-
nisolone (mPSL) for 3  days) [18]. Furthermore, Pinzon 
et  al. reported that high-dose methylprednisolone for 
3  days followed by oral prednisone for 14  days reduced 
recovery time and the need for intensive care compared 
to 6 mg dexamethasone for 7–10 days [19]. Further stud-
ies are required to determine the significance of steroid 
pulse therapy, the amount of steroid during steroid pulse 
therapy, and the incidence of secondary infections.

Another consideration is the use of tocilizumab. 
The survey showed that only 25.8% of the facilities had 
experience with tocilizumab. Tocilizumab was used 
for patients with moderate to severe disease and for 
patients on ventilators or equivalent, as was steroid 
pulse therapy (Table  6). Tocilizumab is an IL-6 recep-
tor antagonist, which is expected to block inflamma-
tory signaling and therefore control the cytokine storm 
in COVID-19. The COVACTA trial, which investigated 
the effect of tocilizumab in patients with moderate dis-
ease II (severe), failed to show a significant improve-
ment in clinical status or reduction in 28-day mortality 
with tocilizumab [20]. However, the RECOVERY trial, 
which included SpO2 < 92% or oxygen administration in 
addition to C-reactive protein > 7.5  mg/dL, [21] and the 
REMAP-CAP trial in severe patients showed a significant 
reduction in mortality in the tocilizumab group [21]. Fur-
thermore, Toda et al. reported the efficacy of combining 
tocilizumab and steroid pulse therapy in dialysis patients 
[22]. Further studies are required to determine the appro-
priate target patients and the timing of administration, 
and evaluate the possibility of the combination therapy, 
particularly in critically ill patients. However, baricitinib 
is contraindicated in patients receiving dialysis therapy 
and has not been administered, except in a few centers.

The proper choices of dialysis membranes and anti-
coagulants were also controversial and included in the 
questionnaire. Nafamostat was currently being applied 
in COVID-19 patients as an anticoagulant in some 

Table 8  Strategies in the use of CHDF (25 facilities responded)

Strategies Number (%)

Nafamostat 3 (12.0)

AN69ST membrane 4 (16.0)

PMMA membrane 1 (4.0)

Table 9  Reasons for non-enforcement of ECMO (56 facilities 
responded)

Reason Number (%)

No facilities 20 (35.7)

No applicable cases 8 (14.3)

No application for patients undergoing dialysis 3 (5.4)

Lack of staff 2 (3.6)

Table 10  Reasons for discharge criteria extension (15 facilities 
responded)

Reason Number (%)

Negative PCR or antigen test 7 (46.7)

Extension according to own institution’s rules 4 (26.7)

Problems with the acceptance facilities 2 (13.3)
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facilities (Table  7). Nafamostat is thought to inhibit 
the entry of SARS-CoV-2 into human epithelial cells 
by inhibiting serine 2, a transmembrane protease [23]. 
Doi et  al. reported that nafamostat mesylate therapy, 
in combination with favipiravir, resulted in a lower 
mortality rate in patients with severe COVID-19 [24]. 
However, there have been few reports on its efficacy. 
In terms of dialysis membranes, a few facilities used 
PMMA membranes [25], which are known to remove 
cytokines (Table  7). A case series from Japan [26] 
described their efficacy as a cytokine adsorbent mem-
brane, but the evidence was limited. PMX-DHPs are a 
therapeutic option for the selective adsorption of endo-
toxins and are expected to adsorb a variety of endog-
enous cytokines, which were used at only two facilities 
in this survey. Katagiri et  al. used PMX-DHPs with 
COVID-19 requiring oxygen supply and reported that 
the early use of PMX columns may reduce local inflam-
mation of the lung and prevent the subsequent demand 
for ventilation [27]. However, there are insufficient data 
on dialysis membranes and anticoagulants; hence, fur-
ther research is required.

The use of ECMO in patients receiving dialysis therapy 
in Japan is quite limited with only ten centers. Complica-
tions of severe chronic organ failure are known to have 
a poor prognosis and are considered indications for 
exclusion.

There are issues regarding whether the discharge cri-
teria defined by the MHLW can also applied to patients 
receiving dialysis therapy. Many centers use the same dis-
charge criteria as those for patients who are not receiving 
dialysis therapy (10 days after onset and 72 h after symp-
tom remission). However, our data showed that patients 
are still required to have negative or high Cycle thresh-
old values in PCR tests and negative quantitative antigen 
tests at discharge before they return to dialysis facilities 
(Table 10). This may be affected by the fact that the cri-
teria for discharge from hospital have changed by various 
recommendations from the beginning of the epidemic 
to the time of the questionnaire. In Japan, the discharge 
criteria also indicates that immunocompromised patients 
should be discussed by an infection specialist, which sug-
gests that the responsibility for what is not known hangs 
on the frontline.

Finally, a question regarding DNAR in COVID-19 
patients with dialysis therapy and high mortality was 
also included. More than half of the facilities had discus-
sions with patients and their families about DNAR on 
admission, considering situations of COVID-19, where 
symptoms deteriorated rapidly even if they were mild. 
Therefore, advanced care planning should be promoted, 
especially during the COVID-19 pandemic.

As the limitation of this survey, there have been many 
changes in treatment and discharge criteria between the 
beginning of the epidemic and the time of the question-
naire, which are still being updated daily, therefore the 
results are only as of the time of the questionnaire. Fur-
thermore, the timing of acquisition of treatment indica-
tions in Japan may have influenced our results. In addition, 
the emergence of variants has affected and will continue to 
affect the treatment of COVID-19. Additionally, the survey 
did not evaluate the efficacy of each treatment. Each facility 
is encouraged to select treatment options based on the lat-
est evidence.

Conclusion
This questionnaire survey revealed a variety of treatment 
practices in each facility for COVID-19 patients receiving 
dialysis therapy in Japan. Among our survey for Japanese 
dialysis facilities, antivirals were initially used in moderate 
I or more severe condition whereas steroids were greater 
used in moderate II and more severe conditions. However, 
in some standardized treatments such as steroid adminis-
tration and antivirals, recommendations by MHLW have 
not necessarily followed. There was still high mortality rate 
in dialysis patients, therefore further evidence and innova-
tions are required to improve the prognosis of patients with 
COVID-19 receiving dialysis therapy.
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