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Abstract
The COVID-19 pandemic has greatly affected nephrology. 
Firstly, dialysis patients appear to be at increased risk for in-
fection due to viral transmission next to an enhanced risk for 
mortality as compared to the general population, even in the 
face of an often apparently mild clinical presentation. De-
rangements in the innate and adaptive immune systems 
may be responsible for a reduced antiviral response, where-
as chronic activation of the innate immune system and en-
dothelial dysfunction provide a background for a more se-
vere course. The presence of severe comorbidity, older age, 
and a reduction of organ reserve may lead to a rapid deterio-
ration of the clinical situation of the patients in case of severe 
infection. Secondly, patients with COVID-19 are at increased 
risk of acute kidney injury (AKI), which is related to the sever-
ity of the clinical disease. The presence of AKI, and especially 
the need for renal replacement therapy (RRT), is associated 
with an increased risk of mortality. AKI in COVID-19 has a 
multifactorial origin, in which direct viral invasion of kidney 
cells, activation of the renin-angiotensin aldosterone sys-

tem, a hyperinflammatory response, hypercoagulability, 
and nonspecific factors such as hypotension and hypoxemia 
may be involved. Apart from logistic challenges and the 
need for strict hygiene within units, treatment of patients 
with ESRD and COVID-19 is not different from that of the 
general population. Extracorporeal treatment of patients 
with AKI with RRT can be complicated by frequent filter clot-
ting due to the hypercoagulable state, for which regional ci-
trate coagulation provides a reasonable solution. Also, acute 
peritoneal dialysis may be a reasonable option in these pa-
tients. Whether adjuncts to extracorporeal therapies, such as 
hemoadsorption, provide additional benefits in the case of 
severely ill COVID-19 patients needs to be addressed in con-
trolled studies. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Infections with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), an enveloped RNA beta-
coronavirus, first identified at the end of 2019 in Wuhan, 
have rapidly turned into a pandemic [1, 2]. Globally, as of 
October 28, 2020, there have been 43,540,030 confirmed 
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cases of COVID-19, including 1,160,650 deaths (https://
covid19.who.int). Its clinical presentation varies widely, 
with some patients remaining asymptomatic while others 
develop acute respiratory distress syndrome (ARDS) and 
multiple organ failure [3].

Whereas the estimated case fatality rate of COVID-19 
in the general population was initially between 3 and 4% 
[4], a recent meta-analysis showed an infection fatality 
rate with SARS-CoV-2 (which also includes mild or as-
ymptomatic individuals) of 0.68% (0.53–0.82%) [5]. 
However, in hospitalized patients, mortality between 15 
and 20% was observed, increasing to 40% in those pa-
tients needing ICU admission [6].

COVID-19 has also greatly affected nephrology prac-
tice. Severe COVID-19 infection may result in acute kid-
ney injury (AKI), which is associated with increased mor-
tality. On the other end of the spectrum, dialysis patients 
may be at higher risk for COVID-19 infection both due 
to the risk of cross-contamination in closed environ-
ments and due to abnormalities in the adaptive and in-
nate immune systems. In addition, the prevalence of se-
vere comorbidities such as cardiovascular disease, hyper-
tension, and diabetes mellitus, which are associated with 
a higher risk of adverse outcome, is increased in the di-
alysis population.

This review focuses on the clinical aspects of dialysis 
patients with COVID-19 and on AKI in COVID-19 pa-
tients without prior kidney disease. This article will not 
focus on prevention of COVID-19 transmission within 
dialysis units, for which excellent recent reviews are avail-
able [7–9].

Pathophysiology and Staging of COVID-19

Severe COVID-19 infection can follow different stag-
es. Stage I comprises the early infection phase with non-
specific symptoms such as fever, malaise, and dry cough; 
stage II concerns the pulmonary phase; and stage III con-
cerns the hyperinflammation phase [10]. Whereas viral 
pathogenicity is most important in the pathogenesis of 
symptoms in the early stages of the disease, the host re-
sponse increasingly takes over in the later stages. It has 
been suggested that these stages may have relevance for 
optimal therapy, with viral replication inhibitors being 
most important in the early stages and immunomodula-
tors in the later stages of the disease [10]. From a patho-
physiologic point of view, stage I is characterized by viral 
entry to the cell by adhesion of the viral spike protein to 
the angiotensin-converting enzyme 2 receptor (ACE2 re-

ceptor), following priming by cellular transmembrane 
serine protease 2, which leads to viral replication and vi-
rus-induced tissue damage [11]. Although the predilec-
tion place is the respiratory tract, possibly given the abun-
dant expression of ACE2 in airway cells, other organs, 
such as the kidney, which also has a high expression of 
ACE2, may be involved, as will be discussed later. In se-
vere cases, endothelial cell damage (endotheliitis) by ac-
tivation of macrophages and neutrophils and the comple-
ment system may follow, resulting in activation of the co-
agulation system [12]. Also, hyperactivation of the 
renin-angiotensin system may contribute to pathology in 
this stage [11, 13]. Lastly, extensive activation of the in-
nate immune system, with concomitant depletion of T-
lymphocytes, may result in cytokine storm with clinical 
characteristics resembling hyperferritinemic syndromes 
like the hemophagocytic lymphohistiocytosis macro-
phage activation syndrome [14] (Fig. 1).

COVID-19 in Dialysis Patients

Several reports have described the clinical presenta-
tion, course, and outcome of patients on dialysis (Ta-
ble 1). The earliest report from Wuhan found that 42 of 
230 hemodialysis (HD) patients (18.3%) and 4 out of 33 
medical staff (12.2%) were diagnosed with COVID-19. 
Thirteen HD patients, of whom 10 were definitely diag-
nosed with COVID-19, died (case mortality 23.8%). Only 
2 deaths were associated with respiratory failure, whereas 
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Fig. 1. Possible mechanisms behind the increased susceptibility of 
dialysis patients to SARS-CoV-2 infection. SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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Table 1. Incidence, clinical presentation, and outcome in dialysis patients with COVID-19 [15–33]

Author Patients Incidence, 
%

Symptoms Diagnosis Admission, 
%

ICU, 
%

Mortality, 
%

Ma et al. [15] 42 (230) HD 18.3 Mild or no respiratory. Fever (13%) CT scan, RT-PCR 7.1 23.8

Xiong et al. [16] 154 (7,154) 2.2 Fever (52%), cough (37%), 
asymptomatic (21%)

CT scan, RT-PCR 27.5 31.3

Corbett et al. [17] 300 (1,530) 19.6 RT-PCR 20.3

Kikuchi et al. [18] 99 (339.841) 0.03 Fever (95%), cough (63.5%) X-ray or CT scan, 
RT-PCR

16.2

La Milia et al. [19] 25 (209) 12 33/188 (18%) asymptomatic patients. 
PCR positive

RT-PCR 100a 52

Alberici et al. [21] 94 (643) 15 All patients tested. 
18/94 (20%) asymptomatic

RT-PCR 61 29 (42 in 
hospitalized 
patients)

Goicoechea et al. [23] 36 (282) 12.8 Fever (67%), cough (44%), 
diarrhoea (17%)

RT-PCR 100a 2.8 30.5

Yau et al. [29] 11 (237) 4.6 All patients tested. 
6/11 (55%) asymptomatic. Fever 
(9%), cough (27%)

RT-PCR 45 18 0

Wang et al. [31] 5 (201) 2.5 Diarrhoea (80%), fever (60%), 
cough (40%)

CT scan, RT-PCR 100a 0 0

Quintaliani et al. [20] 1,368 (60.441) 2.3 RT-PCR 32.8

Manganaro et al. [22] 130 (5,793) 2.2 RT-PCR 74.6 30 24.6

Valeri et al. [24] 53 Fever (49%), cough (39%), 
dyspnoea (36%)

RT-CR 100a 14 31

Ng et al. [27] 419 100a 21 
(mechanical 
ventilation)

31

Sachdeva et al. [32] 11 PD Fever (64%), diarrhoea (55%), 
dyspnoea (45%)

RT-PCR 100a 27 18

Rincon et al. [30] 36 (192) HD 18.8 All patients tested.
Asymptomatic (39%)

RT-PCR 19

Keller et al. [25] 123 (1,346) 9.1 Fever (57%), cough (69%), 
diarrhoea (34%)

RT-PCR or CT 71 24

Tortonese et al. [26] 44 Fever (80%), dyspnoea (30%), 
diarrhoea (14%), cough (43%)

RT-PCR 93 34 27.3

Creput et al. [33] 38 (200) 19 All patients tested. 11% 
asymptomatic. Fever (68%), 
cough (63%)

RT-PCR 58 11 21

Jager et al. [28] 3,285 (3,160 HD, 
125 PD)

21

CT, computed tomography; HD, hemodialysis; PD, peritoneal dialysis; RT-PCR; real-time polymerase chain reaction; ICU, intensive care unit. a Cohort 
based on hospitalized patients.
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most patients died from hyperkalaemia, and cardiovascu-
lar or cerebrovascular causes. Except for 3 patients who 
needed admission to the ICU, most patients presented 
mild or no respiratory symptoms [15].

In a later study from the same city, 154 of the 7,154 HD 
patients (2.2%) had laboratory-confirmed COVID-19. 
Whereas 21.4% of patients were asymptomatic over the 
whole course of the disease, 82% had radiological abnor-
malities, mainly ground-glass or patchy opacities [16]. Of 
the 131 patients who were available for further analysis, 
101 were categorized as mild/moderate and 30 as severe 
or critical. At the end of the follow-up period, 41 patients 
(31%) were deceased, whereas 41 patients still remained 
in hospital and 47 had been discharged. When the au-
thors compared the characteristics of symptomatic and 
asymptomatic cases, a far higher prevalence of diabetes 
was observed in the symptomatic group, whereas the 
lymphocyte count was lower [16].

Corbett et al. [17], in greater London, reported that 
300 out of 1,530 patients (19.6%) developed COVID-19, 
when clustering in specific units and on specific shifts. 
The estimated reproduction number (Ro) was 2.2, thus 
comparable to local epidemics in non-dialysis subjects. 
Nineteen patients with a previously negative outcome 
tested positive at a later stage (median 9 days later); 20.3% 
of the patients died, whereas 17% remained in the hospi-
tal at the end of follow-up. Apart from higher age, no spe-
cific risk factors for mortality were observed [17].

In a series from Japan, 99 dialysis patients were report-
ed, of whom 16 (16.2%) died, which was higher than the 
reported deaths in the general population (5.3%), al-
though the dialysis patients were also older. Follow-up 
with regard to mortality was not complete as some of the 
patients were still hospitalized at the time of publication 
[18]. Fever (defined as a body temperature >37.5°C) was 
reported in 95.1% and cough in 63.5% of patients who 
presented with computed tomography (CT) abnormali-
ties typical for COVID-19 pneumonia.

In a single-centre report from Lecco, Italy, 55 out of 
209 patients (26%) tested positive for SARS-CoV-2. Thir-
ty-three (18%) patients were asymptomatic at the time of 
diagnosis. Thirteen out of 26 patients who needed to be 
hospitalized died (52%), whereas 28% were discharged 
and 20% remained in the hospital at the end of follow-up. 
The infection fatality rate was 24% excluding those pa-
tients who were still hospitalized at the end of follow-up 
[19].

In a multiregional survey from Italy, the estimated 
proportion of SARS-CoV-2-positive patients was 2.26% 
(95% CI 2.14–2.39), with large differences between re-

gions. Infection was higher in HD patients – 3.55% (CI 
3.34–3.76) as compared to 1.38% (CI 1.04–1.78) in peri-
toneal dialysis (PD) patients, suggesting that contagion in 
dialysis facilities may have played a role in the transmis-
sion of the disease. Case fatality rate was high, as 449 of 
1,368 infected patients died (33%), as compared to a case 
fatality rate of 13% in the general population [20].

The high mortality in HD patients with COVID-19 
was also confirmed in other studies from different re-
gions. In Brescia, Italy, 94 of 643 HD patients (15%) from 
4 units tested positive. There were no major differences 
in incidence between 3 units which tested only symptom-
atic patients (14%) versus the single unit which also tested 
asymptomatic patients/applied universal screening 
(16%). In 13 of the 18 asymptomatic patients at diagnosis 
(72%), chest X-ray was also negative. An overall mortal-
ity of 29% was observed [21]. In the Piedmont and Aosta 
regions of Northern Italy, the mortality rate in a cohort of 
130 patients (which included both dialysis and trans-
planted patients) was 25%. Mortality was higher in males 
and patients with a history of cardiovascular disease [22].

In a study from Spain in 36 HD patients, a mortality 
rate of 30.5% was noted during the observation period, 
whereas 7 out of 36 patients could be discharged [23]. 
Ischaemic heart disease, fever, older age (>70 years), and 
dyspnoea at presentation were associated with the devel-
opment of ARDS, while fever, cough, and a C-reactive 
protein higher than 50 mg/L at disease presentation were 
associated with an increased risk of death.

Another report from Wuhan compared 49 hospital-
ized patients with COVID-19 with age-matched controls. 
Ninety-two per cent of dialysis patients had compatible 
findings on CT scan, whereas lymphopenia (≤1 × 109) 
was observed in the great majority of patients. However, 
as compared to controls, the presence of fever (47 vs. 
90%) and cough (49 vs. 71%) was lower. More patients on 
HD developed shock (16 vs. 4%) or ARDS (20 vs. 6%) or 
needed non-invasive or invasive ventilation (21 vs. 8%). 
At the end of the follow-up, 14% of dialysis patients had 
died [34]. It should be noted that the mortality rate may 
even be higher in the reported series because the clinical 
course of the disease had not ended in all included pa-
tients. In a cohort of 59 hospitalized dialysis patients with 
COVID-19 (including 2 PD patients) from New York, the 
mortality rate was 31% in the overall group and 75% in 
those needing mechanical ventilation. At the time of pre-
sentation, fever was present in 49%, cough in 39%, and 
dyspnoea in 36% of cases [24]. A report from the CO-
VIDIAL study from France reported on 1,234 patients 
with COVID-19. Fever was present in 57% of patients, 
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cough in 69%, and diarrhoea in 34%. The case fatality rate 
was 24%. Fever and CRP levels were independently asso-
ciated with adverse outcomes [25]. In a study from a re-
ferral centre from the Paris region including 44 patients, 
the case fatality rate was 27%. Cough, thrombopenia, in-
creased lactate dehydrogenase, and CRP levels >175 mg/
dL were associated with death in multivariate analysis 
[26].

In the largest cohort of hospitalized dialysis patients so 
far from the USA, 419 patients with ESRD were studied, 
with the great majority having chronic HD [27]. In-hos-
pital death was 31, and 22% needed mechanical ventila-
tion. Risk factors for adverse outcome were, among oth-
ers, age, lymphopenia, serum ferritin, and need for me-
chanical ventilation, whereas black race was associated 
with a reduced risk of death. Recent data from the EDTA 
Registry reported a crude mortality rate of 21.2% (attrib-
utable mortality 20.0%) in 4,298 COVID-19 patients. 
Male gender and higher age were risk factors for mortal-
ity [28].  Lastly, in the very recently published ERACODA 
study, a COVID-19 attributable 28-day mortality of 25% 
was observed in a cohort of 768 dialysis patients, of whom 
70% were admitted to a hospital. Age and frailty were the 
most important risk factors for mortality [35].

Whereas the above-mentioned studies all suggest that 
dialysis patients have a higher risk of adverse outcomes, 
one study from Canada, in which universal screening was 
applied in the entire unit, showed more benign outcomes 
but also highlighted the risk of asymptomatic transmis-
sion. In this retrospective study of 237 HD patients and 
93 staff, 11 (4.6%) patients and 11 (12%) staff had a posi-
tive reverse transcription-polymerase chain reaction 
(RT-PCR) test for COVID-19 [29]. Among the test-pos-
itive individuals, 55% of HD patients and 55% of staff 
were asymptomatic, whereas 27% of dialysis patients and 
36% of staff remained so during a mean follow-up time of 
30 days. Five patients needed to be hospitalized, of which 
2 (18%) needed to be treated at an intensive care unit. 
None of the patients needed mechanical ventilation. A 
study from Spain which also applied universal screening 
in their 192 dialysis patients reported positive PCR results 
in 22 symptomatic and 14 asymptomatic patients. Nine 
of these 14 patients (i.e., 25% of the entire positive popu-
lation) remained asymptomatic at the end of a 3-week 
follow-up. Shared transport, living in a nursing home, 
and previous hospitalization were risk factors for a posi-
tive test. Seven SARS-CoV-2 patients died during the fol-
low-up [30]. The relatively high percentage of asymptom-
atic SARS-CoV-2-positive dialysis patients at the time of 
testing is in line with the experience in the general popu-

lation. For example, when all passengers were tested dur-
ing the outbreak at the Diamond Princess, 47% of the pos-
itively tested persons were asymptomatic at the time of 
diagnosis [36]. As an example, in a detailed clinical anal-
ysis of 5 dialysis patients, 3 presented with fever, 2 with 
dyspnoea, 4 with diarrhoea, and only 1 with dry cough, 
which fits with the description in other cohorts (Table 1). 
All had lymphocyte counts below 1.0 [31]. None of these 
patients developed severe respiratory insufficiency. All 
patients had abnormalities on CT scan, which was part of 
the screening procedure. However, in asymptomatic pa-
tients who tested positive for SARS-CoV-2, also radio-
graphic abnormalities may be absent [19, 21].

In PD patients, evidence is more limited. In a cohort 
of 419 hospitalized patients with ESRD, 11 patients (2.6%) 
were on chronic PD. Nine patients were discharged alive. 
Patients presented mainly with fever (64%) and diarrhoea 
(55%), whereas shortness of breath and cough were pres-
ent in 45% at presentation. In 82% of patients, character-
istic findings were present on chest X-ray [32].

Dialysis patients may not clear the virus easily [37]. In 
a cohort of 39 SARS-CoV-2-positive patients, by day 15, 
41% of patients had not yet cleared the virus, although no 
data on symptomatology were given. The authors recom-
mended maintaining isolation of SARS-CoV-2-positive 
patients not until they are free of symptoms but until the 
virus is proven to be cleared.

Summarizing these results, the incidence of CO-
VID-19 appears to be higher in dialysis units than in the 
background population, whereas the relative increase in 
incidence appears less pronounced in PD patients. Due to 
differences in case mix (in which either only symptom-
atic patients or also those diagnosed by universal screen-
ing were included) and as yet incomplete follow-up in 
many studies, the incidence and outcome vary widely in 
the literature. However, case mortality rates around 30% 
in hospitalized or symptomatic patients are not unusual 
in the reports (Table 1). Still, the infection mortality rate 
is likely lower, given the fact that a significant proportion 
of SARS-CoV-2-positive dialysis patients may be asymp-
tomatic. Thus, in general, despite an often insidious pre-
sentation, the case mortality rate in symptomatic dialysis 
patients appears to be high as compared to that in the 
general population.

Dialysis patients should therefore be considered a risk 
group, both in terms of infection risk and outcome [38]. 
Moreover, a high degree of clinical suspicion is needed as 
the clinical presentation in dialysis patients may be ob-
scured because chronic dyspnoea is common in dialysis 
patients whereas the febrile response may be blunted [38]. 
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Still, in studies where universal screening was applied a 
significant proportion of dialysis patients was asymptom-
atic at the time of diagnosis by screening, and in this set-
ting, a SARS-CoV-2 infection appears to be associated 
with a better prognosis.

Why Are Dialysis Patients at Increased Risk for 
COVID-19 and Its Consequences?

The question why dialysis patients show such an ad-
verse prognosis with COVID-19 infection remains to be 
answered. Despite the fact that all HD patients were found 
to produce specific antibodies after COVID-19 [39], the 
response of the innate and adaptive immune systems to 
SARS-CoV-2 may be impaired to a larger degree in dialy-
sis patients than in the general population. Natural killer 
cells, which form a first-line defense against SARS-CoV-2 
[40], were found to be lower in dialysis patients than in 
controls in earlier studies [41]. The same holds true for 
naïve CD4+ and CD8+ T lymphocytes [42], which are 
also involved in the adaptive immune response to CO-
VID-19 [43, 44]. Moreover, the uremic state is accompa-
nied by immunosenescence, characterized by chronic 
low-grade activation of the innate immune system, a re-
duction in the naïve CD4+ and CD8+ T-cell population 
with an increase in memory T cells with an inflammatory 
phenotype [45, 46], which might provide a background 
for a subsequent hyperinflammatory response [47]. In 
other words, it may be hypothesized that the inadequate 
initial viral clearance due to immunosenescence results in 
a subsequent hyperactivation of an already chronically 
stimulated innate immune system.

Dialysis patients are also often malnourished, which 
also can affect the function of the immune system [48]. 
Whether the reduced function of the innate and adaptive 
immune systems, in combination with a state of chronic 
activation of the innate immune system, increases the risk 
for COVID-19 infection and for severe complications in 
dialysis patients remains to be studied.

Next to this, COVID-19 is associated with severe en-
dothelial damage [47], which may be even more severe in 
dialysis patients with their background of endothelial 
dysfunction. COVID-19 can also directly lead to cardiac 
damage, which is superimposed on an already compro-
mised cardiac structure and function in dialysis patients 
[49]. Also, dialysis patients are often of older age, have 
severe comorbidity, and may suffer from pre-existent 
frailty. Whether these factors decrease their chance for 
acceptance to intensive care treatment cannot be deduced 

from the present literature, although in one report ICU 
admission was non-significantly lower (8%) in dialysis 
patients than transplanted patients (21%) [22]. On the 
other hand, in a large cohort of hospitalized patients, 
there was no difference in treatment with mechanical 
ventilation between patients with or without ESRD [27]. 
Summarizing, dialysis patients may be more susceptible 
for COVID-19 and its systemic consequences due to (1) 
an increased transmission risk; (2) a chronic activation 
but reduced functioning of the immune system; (3) a 
background of endothelial dysfunction; (4) damage to or-
gans at a background of multi-organ pathology, with a 
reduced structural or functional reserve; and (5) pre-ex-
istent comorbidity and an increased risk of “system break-
down” due to their reduced functional and structural or-
gan reserve [50] (Fig. 2).

COVID-19 and AKI

COVID patients without pre-existent kidney disease 
are also at risk for developing AKI. Whereas the risk ini-
tially appeared to be relatively low according to reports 
from earlier cohorts [51, 52], more recent studies have 
shown higher incidences of AKI. A meta-analysis of avail-
able studies showed an incidence of AKI in hospitalized 
patients with COVID-19 of 23% (95% CI 14–35%) [13]. 
In another meta-analysis, a lower incidence was found 
(4.5% [CI 3.0–6.0%]) [53]. These differences are likely 
due to variations in the definition of AKI between differ-
ent studies, the ongoing accumulation of evidence, and 
the inclusion of studies that have not yet appeared in 
peer-reviewed journals [13]. In an analysis of 2,626 pa-
tients from the New York area not yet included in meta-
analyses, AKI, defined as an increase in serum Cr >0.3 
mg/dL within 48 h or an increase >1.5 times vs. baseline, 
was present in 22.2% of patients, whereas 3.2% needed 
renal replacement therapy (RRT) [54]. The most recent 
study at the time of writing (September 15, 2020) includ-
ed 3,993 hospitalized patients with COVID-19 also from 
the New York area, and observed an incidence of AKI of 
46%. Of the 1,835 patients with AKI, 19% need dialysis. 
An in-hospital mortality of 50% was observed in those 
with AKI versus 8% in those patients without AKI, and 
87 of the 832 patients who needed analysis were dis-
charged alive. Of the 832 patients with AKI who were dis-
charged from the hospital, 65% had recovery of AKI at the 
time of discharge [55].

The incidence of AKI is strongly related to the severity 
of the other COVID-19 symptomatology [56]. Whereas 
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the incidence of AKI was 1.3% in mild cases, it increased 
to 36.4% in critical cases [53]. In the meta-analysis of 
Yang et al. [53], continuous renal replacement therapy 
(CRRT) was required in 5.6% of severe patients and 0.1% 
of non-severe patients. The presence of AKI in CO-
VID-19 patients is of relevance as in an analysis of a co-
hort of 701 patients, AKI levels of stages 2 and higher were 
associated with an increased risk of mortality (HR 3.53 
[1.5–8.27]) [57].

The need for RRT in critically ill patients with CO-
VID-19 is associated with more severe outcomes [54]. 
Richardson et al. [54] found that of 225 patients treated 
with RRT, only 3 (1.3%) were discharged alive from the 
hospital at the end of the follow-up, while 78 (34%) had 
died, and 144 (64%) were still in the hospital. In their 
meta-analysis, Yang et al. [53] reported that RRT was ap-
plied in 15.6% of non-survivors and 0.4% of survivors. In 
the largest study so far of 637 COVID-19 patients with 
RRT-dependent AKI, an in-hospital mortality of 63.3% 
was observed. Of the 216 discharged patients, 18.1% re-
mained dialysis-dependent 60 days after ICU admission 
[58].

Also, proteinuria and hematuria are common in pa-
tients infected with COVID-19 [59]. In a meta-analysis, 
57% of patients had proteinuria, which was classified as 
2+ or 3+ in 10.6% of patients [53]. In a report from China, 

proteinuria and hematuria were both associated with in-
creased mortality [57].

AKI in COVID-19 patients is most likely due to mul-
tiple mechanisms [60]. The first is invasion of the virus in 
the kidney, in which high ACE2 expression may play a 
role [61]. Next to this, dysregulation of the renin-angio-
tensin system, cytokine and complement activation, mi-
crovascular thrombosis, and general factors such as hy-
potension and hypoxemia can play a role in the pathogen-
esis of AKI in COVID-19 [13, 62].

SARS-CoV-2 particles were also found to be present in 
tubular epithelium and podocytes [63]. It has been sug-
gested that the collapsing glomerulopathy which can be 
observed in COVID-19 is due to viral invasion of podo-
cytes [64]. On the other hand, one study did not show any 
evidence of viral invasion in a group of 17 patients with 
renal manifestations and COVID-19 infections. Biopsies 
were performed because of AKI or nephrotic-range pro-
teinuria. In this study, a mix of findings was observed, 
ranging from tubular injury to minimal change nephrop-
athy, collapsing focal segmental glomerular sclerosis, but 
also membranous nephropathy and anti-glomerular 
basement membrane disease. In the last cases, it was hy-
pothesized that damage to the alveolar capillary basement 
membrane could expose the Goodpasture antigen [65]. 
In another study by the same group, autopsy findings 

SARS CoV-2

increased infection risk
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endothelial 
dysfunction 

chronic activation 
innate immune 

system 

reduced organ 
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Fig. 2. Possible mechanisms behind CO-
VID-19 and acute renal failure. SARS-
CoV-2, severe acute respiratory syndrome 
coronavirus 2; NK, natural killer.
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from 42 patients with AKI and COVID-19 infection were 
presented. In the majority of cases, evidence of acute tu-
bular injury was observed. The difference between these 
2 groups might be due to the specific indications for renal 
biopsy (such as a nephritic sediment or nephrotic-range 
proteinuria) as compared to the more general findings 
obtained by autopsy [66].

Treatment of COVID-19 in ESRD

Whereas treatment of severe COVID-19 is largely sup-
portive with supplement oxygen treatment and prophy-
lactic low-molecular-weight heparin, a large number of 
studies on more specific candidate treatments have been 
initiated. These can generally be divided into antiviral or 
immunomodulatory treatments [67]. Trials with agents 
initially proposed for treatment, such as (hydroxyl)chlo-
roquine and lopinavir/ritonavir, have yielded largely neg-
ative results [6]. Whereas the progress in this field is very 
fast, at the time of writing, the most promising antiviral 
from randomized trails appears to be the antiviral agent 
remdesivir, a nucleoside analogue that inhibits viral 
RNA-dependent RNA polymerase. Although overall 
mortality did not change, a randomized controlled trial 
(RCT) including 1,063 patients reduced the median time 
of recovery from 15 to 11 days compared to placebo, al-
though in another RCT no significant positive effects 
were observed [6]. Of note, no patients with ESRD were 
included in these trials. Dexamethasone 6 mg daily re-
duced 28-day mortality in patients with supplementary 
oxygen (21.6 vs. 24.6%) versus usual care, with the largest 
benefit observed in patients needing mechanical ventila-
tion (29.3 vs. 41.4%) [68]. Remdesivir and its metabolites 
are predominantly (74%) renally eliminated, but especial-
ly the potential accumulation of its carrier sulphobutyle-
ther-B-cyclodextrin, which is also used by voriconazole, 
may be of relevance. Remdesivir and sulphobutylether-B-
cyclodextrin are removed by RRT. Safety data on the use 
of remdesivir in kidney failure are scarce, and its use is 
generally contraindicated in patients with a Cr clearance 
below 30 mL/min. However, it has been suggested that 
after adequate information and consent of the patient, 
remdesivir could be used in patients with renal impair-
ment for treatment of COVID-19 when the benefits are 
believed to outweigh the risks [69]. Of note, a recent study 
reported on the use of remdesivir in 16 patients with 
ESRD and 30 patients with AKI (of whom 25 were AKI 
stage 3). In this cohort, no severe elevations in liver en-
zymes or treatment attributable to decline in renal func-

tion was observed. One patient experienced a hypersen-
sitivity reaction during treatment [70].

The most promising immunomodulatory drugs for 
treatment at the time of writing, dexamethasone and the 
IL-6 inhibitor tocilizumab, may also be applied in pa-
tients with renal insufficiency [71, 72]. Of note, tocili-
zumab is not removed by conventional extracorporeal 
treatments [73].

Regarding dialysis treatment of patients with ESRD, 
great care must be applied to provide adequate dialysis 
given the fact that earlier reports showed that causes of 
death in COVID-19 were also related to possibly dialysis-
related factors such as cardiovascular complications of 
hyperkalaemia [15]. Still, logistic demands under excep-
tional circumstances have necessitated a reduction in di-
alysis frequency in combination with resins and diuretics 
[74]. In the setting of hospitalized PD patients, the num-
ber of exchanges can be reduced by application of auto-
mated peritoneal dialysis and, when possible, remote pro-
gramming of treatment parameters [75].

Some Specific Considerations for Extracorporeal 
Treatment in AKI

In patients with AKI, the indications to start RRTs are 
not different from the standard indications [76]. How-
ever, apart from the logistic demands and the need for 
adequate protection for the team, there are some specific 
technical considerations. Whereas excellent recommen-
dations by expert panels for treatment of AKI in CO-
VID-19 have been published recently [77, 78], we only 
focus shortly on some frequently occurring clinical di-
lemmas. The first is the increased thrombogenicity and 
heparin resistance associated with COVID-19. This can 
also have important implications for circuit patency. 
Helms et al. [79] reported circuit clotting in 28 of 29 pa-
tients on CRRT. When compared with matched non-CO-
VID-19 intensive care unit patients, the number of filters 
needed per day was significantly higher in COVID-19 
than non-COVID-19 patients (0.7 vs. 0.3). In this study, 
most patients had increased levels of D-dimers, fibrino-
gen, factor VIII, von Willebrand factor activity, and von 
Willebrand factor antigen, as well as positive lupus anti-
coagulant [79]. Al-Sarmkari et al. [80] reported repeated 
clotting of the CRRT circuit in 8 of 12 patients; although 
these patients were initially treated with prophylactic 
dose anticoagulation, after a change to therapeutic doses, 
2 patients continued to experience repeated clotting. 
Short circuit survival times with conventional heparin 
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dosing protocols were also reported by others [78]. High 
doses of heparin may be needed to get the activated partial 
thromboplastin time within the therapeutic range, pos-
sibly due to a difficulty to achieve adequate anti-X-a levels 
[81]. It has been suggested that also anti-X-a levels should 
be routinely monitored using unfractionated heparin 
[79]. Whereas many critically ill patients with COVID-19 
may need systemic anticoagulation for thromboembolic 
complications, in our study, citrate coagulation with con-
tinuous venovenous hemodiafiltration provided in gen-
eral excellent filter patency, even when frequent filter 
clotting occurred using systemic heparinization. Where-
as there is no other specific preference between slow con-
tinuous HD and continuous venovenous hemofiltration 
or continuous venovenous hemodiafiltration, a potential 
advantage of the latter is that they can easily be combined 
with extracorporeal membrane oxygenation therapy [73].

PD may provide a reasonable alternative for HD or 
CRRT techniques, especially in case of logistic demands 
[82]. In order to reduce exposure of the nursing team, au-
tomated peritoneal dialysis may be preferred, when pos-
sible with remote patient monitoring software [75], al-
though, on the other hand, it has been argued that CAPD 
may have the advantage of lesser catheter problems due 
to lower flow rates [83]. Severe COVID-19, in the face of 
rapid clinical deterioration, might be an indication for the 
use of hemoadsorption techniques, although results have 
only been presented in the form of case reports [73, 84, 
85] and clinical trials are awaited [76].

Outlook and Conclusion

COVID-19 has greatly affected many dialysis patients 
and has put great demands on dialysis facilities. Out-
breaks have been curtailed by strict hygiene measures 
needed to limit transmission. Some authors have made a 
case for universal screening of the dialysis population. As 
this may put increased demands on limited resources, ar-
tificial intelligence might be of help in predicting which 
centres are at risk for imminent outbreaks [86]. A clinical 
dilemma is the fact that COVID-19 presents in many di-
alysis patients with relatively mild and unspecific symp-
toms, but the mortality, at least in symptomatic or hospi-
talized patients, is high. This necessitates a high degree of 
clinical suspicion. Subtle changes in clinical and labora-
tory parameters, which easily can go undetected in daily 
practice but which may be detected by artificial intelli-
gence algorithms, may point to the development of CO-
VID-19 [86]. In a recent study, a model was validated 

which predicted the development of COVID-19 within 
the next 3 days with an area under the receiver operating 
characteristics of 0.71 [86]. Whereas the mortality rate of 
COVID-19 is high in symptomatic dialysis patients, this 
should not lead to defeatism but rather to dedicated man-
agement while not withholding potentially life-saving in-
terventions and ICU admission based on renal failure as 
a sole criterion.

For patients with AKI, mortality in patients needing 
RRT is very high, and there is an urgent need for im-
proved treatment in these patients. Next to immunomod-
ulatory drugs, possibly also adjuncts such as hemoad-
sorption might be of relevance in patients presenting with 
cytokine storm, although more evidence is needed. In the 
face of the ongoing pandemic, it is expected that the ne-
phrology community will continue to play a major role in 
the fight and treatment against this disease. Rapid sharing 
of experiences and novel insights within the nephrology 
community will continue to be of insurmountable value 
for the treatment of our patients.
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