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Abstract

The outbreak of coronavirus disease 2019 (COVID-19) has rapidly evolved into a

global pandemic. A significant proportion of COVID-19 patients develops severe

symptoms, which may include acute respiratory distress syndrome and acute kid-

ney injury as manifestations of multi-organ failure. Acute kidney injury (AKI)

necessitating renal replacement therapy (RRT) is increasingly prevalent among

critically ill patients with COVID-19. However, few studies have focused on AKI

treated with RRT. Many questions are awaiting answers as regards AKI in the set-

ting of COVID-19; whether patients with COVID-19 commonly develop AKI,

what are the underlying pathophysiologic mechanisms? What is the best evidence

regarding treatment approaches? Identification of the potential indications and

the preferred modalities of RRT in this context, is based mainly on clinical experi-

ence. Here, we review the current approaches of RRT, required for management

of critically ill patients with COVID-19 complicated by severe AKI as well as the

precautions that should be adopted by health care providers in dealing with these

cases. Electronic search was conducted in MEDLINE, PubMed, ISI Web of Sci-

ence, and Scopus scientific databases. We searched the terms relevant to this

review to identify the relevant studies. We also searched the conference proceed-

ings and ClinicalTrials.gov database.
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1 | INTRODUCTION

Coronaviruses are positive-stranded RNA viruses with a
crown-like appearance under an electron microscope
owing to a glycoprotein spike on the envelope. Genomic
characterization has revealed that bats and rodents are
the gene sources of alpha CoVs and betaCoVs [1]. The
genome of the new HCoV, had 89% nucleotide identity
with bat SARS-like-CoVZXC21 and 82% with that of
human SARS-CoV [2]. Accordingly, the new virus was

termed SARS-CoV-2, which belongs to the betaCoVs
category [3].

The first reported cases of the coronavirus disease
2019 (COVID-19) were related to direct exposure to the
Huanan Seafood Wholesale Market of Wuhan, for that
reason, the animal-to-human transmission was supposed
to be the main mechanism. However, subsequent cases
were not associated with this exposure. Consequently, it
was concluded that the virus could also be transmitted
from human-to-human. Like other respiratory pathogens,
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the transmission is believed to occur via droplet infection
as well as aerosol transmission. The incubation time
could be generally within 3–7 days and up to 2 weeks [4].

Diagnosis [5]:

1. Detection of viral RNA through manual or automated
nucleic acid amplification tests (NAAT), such as real
time reverse transcription polymerase chain reaction
(rRT-PCR). Nucleic acid amplification tests (NAAT)
are the gold standard for diagnosis of acute SARS-
CoV-2 infection. Mutation-detecting NAAT assays
may be used as a screening tool for SARS-CoV-2
variants.

2. Detection of viral antigens through immunodiagnostic
techniques, such as lateral flow assays (LFAs), also
termed rapid diagnostic tests or Ag-RDTs. Ag-RDTs
helps to increase the availability and speed of testing
in appropriate scenarios.

3. Detection of host antibodies through serological tech-
niques, such as LFAs, ELISAs, or chemilumines-
cent immunoassays (CLIAs). Antibody detection is
not recommended for diagnosis of COVID-19, but
it helps in the detection of past infection for
surveillance

4. Medical imaging: Chest CT scans may be helpful to
diagnose COVID-19 pneumonia, however, the com-
plex implementation techniques and high-cost CT
scans are not appropriate as a frontline tool. Typical
features on CT initially include bilateral multi-lobar
ground-glass opacities and infiltrating shadows on
bilateral lobules [6, 7].

2 | AKI IN CRITICALLY ILL
PATIENTS WITH COVID-19

Although some studies reported that AKI is uncommon
in COVID-19, and that SARS-CoV-2 infection does not
result in AKI [8], others reported that the incidence of
AKI among COVID-19 infected patients ranges from
0.5% to 23%, and up to 50% among non-survivors [9–12],
with renal replacement therapy (RRT) required in
16%–23% of intensive care unit (ICU) or mechanically-
ventilated patients [9, 13]. This controverse could be
attributed to the diversity of symptoms during the initial
phase of COVID-19 pandemic, lack of definitive diagnos-
tic tools along with a shortage of infrastructure and train-
ing of medical staff in non-specialty hospitals. This in
addition to enrollment of milder cases with incomplete
documentation of laboratory testing. In a cohort of 3099
critically ill patients with COVID-19 across the United
States, 20.6% developed AKI requiring RRT [14]. The
overall incidence of AKI in COVID-19 patients was even

higher in other cohorts of 28% and reaching up to 66% in
severe cases [15].

The development of AKI in patients infected with
SARS-CoV-2 has been explained by two theories; a direct
cytopathic effect on kidney tissues, and tissue hypoxia, in
the setting of massive cytokine release as well as the sys-
temic effects of virus [16]. It has been identified that
SARS-CoV-2 binds to the host cell receptor angiotensin
converting enzyme 2 (ACE2). Therefore, it is assumed
that the cells with ACE2 expression such as renal tubular
epithelial cells may be more susceptible to COVID-19
infection and therefore the risk of AKI is increased, espe-
cially in case of high viraemia [16]. This coincides with
earlier reports revealing that SARS-CoV-2 has been iso-
lated from urine of infected patients [17].

The cytokine release syndrome (CRS) which charac-
terizes COVID-19 infection includes in part AKI because
of intrarenal inflammation, increased vascular perme-
ability, volume depletion, and cardiomyopathy. The pre-
dominant heart–kidney crosstalk could also contribute to
AKI in patients with COVID-19; for instance, CRS cardio-
myopathy and acute viral myocarditis can both contrib-
ute to renal vein congestion, hypotension and renal
hypoperfusion, leading to a reduction in glomerular filtra-
tion rate [18]. Additionally, rhabdomyolysis, metabolic aci-
dosis, and hyperkalemia can also develop in critically ill
patients with COVID-19, compromising kidney injury [19].

Critically ill patients with COVID-19 exhibited signifi-
cantly higher in-hospital mortality rate reaching up to
40%–60% when complicated by impairments of kidney
function, including hematuria, proteinuria, elevated base-
line serum creatinine or BUN, and AKI [12, 14, 20, 21]. This
reflects the importance of anticipation, prevention, and
early management of AKI in those vulnerable patients.

Management of those patients consists of ensuring
suitable infection control, supportive care, and possible
use of drugs with potential activity against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [22].
General management plans should include pharmaco-
logic prophylaxis of venous thromboembolism for all hos-
pitalized patients [23] The critically ill COVID-19-positive
patients should be treated in isolation ICUs dedicated to
COVID-19.

3 | INDICATIONS AND
MODALITIES OF RRT IN
CRITICALLY ILL PATIENTS WITH
COVID-19

The treatment of AKI, indications of renal replacement
therapy, and the modality of RRT seem to be no different
than in other settings. Extracorporeal therapies have also
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been studied as potential treatments for removal of cyto-
kines in patients with sepsis, and therefore, potentially
considered for prevention of CRS-induced organ damage
in critically ill patients with COVID-19 [24].

The indications of RRT should be those generally
accepted to treatment of AKI, such as restoration of the
immune homeostasis, removal of inflammatory mediators
which lead to acute respiratory distress syndrome (ARDS),
and prevention of fluid overload which represents a known
independent risk factor for ICU mortality [25]. Fluid overload
may also compromise the respiratory system by inducing sev-
eral complications including pulmonary edema [26].
Although, there is no sufficient data to support the early initi-
ation of RRT in COVID-19 patients with AKI, [27], early initi-
ation of RRT in critically ill patients and patients with sepsis
seem to attenuate the disease severity and improve outcomes
[28, 29]. In COVID-19 patients with severe AKI, the continua-
tion of RRT has been shown as vital for their survival [27].
The coexistence of other comorbidities such as diabetes
mellitus and hypertension, in addition to the severity of respi-
ratory disease severity determine the treatment modality [13].

The currently used modalities of RRT include continuous
renal replacement therapy (CRRT), prolonged intermittent
hemodialysis (PIHD), conventional intermittent hemodialysis
(IHD), and peritoneal dialysis (PD) (Figure 1). CRRT seems
to be the most used modality in patients with critical illness.
The potential use of these modalities in the context of
COVID-19 is studied as follows:

3.1 | Continuous renal replacement
therapy

The main indication for selecting CRRT over IHD is
hemodynamic instability and high catabolic states [27].

For COVID-19 patients with AKI, CRRT is indicated in
patients with stage 3 AKI (defined as either an increase
in creatinine levels of a 3-fold from baseline or creatinine
≥4.0 mg/dl or a decrease in the amount of urine output:
<0.3 ml/kg/h for ≥24 h or anuria for ≥12 h) in patients
hospitalized in ICU [24, 30].

In general, prior to the COVID-19 pandemic, CRRT
represented the modality of choice for hemodynamically
unstable patients requiring RRT [31]. However, after the
outbreak, it has become difficult to allocate hemodialysis
machines to COVID-19 patients with AKI due to infec-
tion control [32]. The current incidence of critically ill
patients with COVID-19 undergoing RRT in the form of
CRRT ranges from 5% to 52% [33, 34].

In severe ARDS, the World Health Organization
(WHO) guidance released a statement, in which they
suggest referring patients with refractory hypoxemia
despite lung-protective ventilation to those settings with
expertise in extracorporeal membrane oxygenation
(ECMO) [35]; CRRT modalities can be used with
ECMO [18].

While, CRRT dosing can be generally applied
according to Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines [36], high-volume hemo-
filtration at a dose of 6 L/h has been found as effective
in improving the Sequential Organ Failure Assessment
scores in patients with sepsis; suggesting a potential
benefit of CRRT in patients with COVID-19 and sep-
sis [37].

Hypercoagulability in patients with COVID-19 is an
important concern. Clotting of the CRRT membrane is a
major limitation to care, as it leads to blood loss, ineffi-
cient dialysis, and exhausts limited resources (CRRT filters)
[38]. Interruption of CRRT sessions as a result of circuit
clotting can have a significant impact on the actual delivered

FIGURE 1 Rationale for use of

renal replacement therapy in critically

ill COVID-19 infected patients with

severe acute kidney injury (AKI)

SHEMIES ET AL. 17



dose [39]. Regional anticoagulation using unfractionated hepa-
rin or citrate, or systemic anticoagulation with unfractionated
or low-molecular-weight heparin should be used during the
procedure along with blood flow >120 ml/min to prevent pre-
mature clotting of the circuit [19, 40]. Based on low quality
data, regional citrate anticoagulation appears to be less effec-
tive among COVID-19 patients compared to systemic anti-
coagulation [41, 42].

The 25th Acute Disease Quality Initiative (ADQI)
Workgroup stated that “the use of Continuous veno-venous
hemodialysis (CVVHD) or continuous veno-venous-
hemodiafiltration (CVVHDF) modality and minimizing
post-filter replacement fluid in patients who are on CRRT
will decrease the risk of circuit clotting.” This requires the
use of CRRT at a delivered effluent flow rate of 20–25 ml/
kg/h (prescribed dose of 25–30 ml/kg/h) [39].

3.2 | Prolonged intermittent
hemodialysis

PIHD, also termed as sustained low-efficiency daily dialy-
sis (SLEDD), describes an IHD but for an extended period
(usually 6–18 h) and at least three times a week. The
principle of PIHD includes combination of both convec-
tive (i.e., hemofiltration) and diffusion (i.e., HD) princi-
ples, based on the technique of solute removal [36].
PIHD is generally preferable over IHD as it allows higher
ultrafiltration volume with lower risk of hemodynamic
instability [43]. PIHD using high-cutoff membranes
might provide better clearance of middle molecules [44].
The feasible conduction of PIHD using the standard
machines used for IHD or CRRT, and with use of stan-
dard tubing and hemodialyzers [44], together with the
possible treatment of multiple patients at the same time
by one nurse makes it a valuable therapeutic option in
management of critically ill patients with COVID-19
requiring dialysis. However, PIHD does not permit lim-
ited contact time between health care providers (HCPs)
and COVID-19 infected patients as compared to CRRT; it
requires a designated HD nurse to be present for the
whole duration of therapy time [27]. Anticoagulation in
PIHD is essentially required in patients with COVID-19,
especially in terms of associated hypercoagulability.
Treatment with either CRRT or PIHD is generally
preferred in COVID-19 infected patients with AKI
over IHD.

3.3 | Conventional IHD

The use of IHD in critically ill patients with COVID-19
should be limited to circumstances of unavailable CRRT

or PIHD; being suitable only for ICU patients with severe
AKI who are hemodynamically stable. The higher flow
rates needed to improve the efficacy of dialysis, requires
close monitoring throughout the session to avoid hemody-
namic instabilities. This requires an HCP to be in contact
with the patient for the entire duration of session; making
IHD the least ideal therapeutic modality for patients
infected with COVID-19 [45]. The use of IHD, under certain
conditions, in COVID-19 patients might follow the standard
dosing and prescription in the general population. Further
studies are needed to address the key points of IHD pre-
scription for AKI patients in COVID-19 pandemic.

3.4 | Peritoneal dialysis

PD modality may be a feasible and safe alternative to HD
in the unplanned setting [46]. PD has been long investi-
gated in treatment of critically ill patients with AKI and
has been well documented as a suitable treatment option
in this setting [47, 48]. There are multiple advantages of
using PD in COVID-19 infected patients with severe AKI.
First, there is no need for vascular access; which is also
preferable to avoid in view of the coexisting coagulopathy
[49]. Second, PD can be conducted with few resources, it
does not require expensive machinery and supplies of
CRRT or IHD [50]. Third, education of staff on per-
forming PD is safe, feasible during a pandemic, and less
technically challenging compared to other hemodialysis
techniques [51]. Fourth, unlike hemodialysis, PD does
not require a water system for dialysate supply, which
represented a major obstacle in multiple ICU locations
temporarily constructed in response to the COVID-19
pandemic [50]. Fifth, PD catheter can be performed at
the bedside [52, 53]. It has been revealed that an
unplanned start to PD right after the insertion of PD
catheter is an efficient and safe procedure [46, 54].
PD was more simply conducted in non-critically ill
patients outside the ICU. The implementation of an acute
PD program for COVID-19 patients with severe AKI
requiring RRT was found to successfully mitigate the
demand for RRT during the COVID-19 pandemic's peak
[50, 55]. Regarding the efficacy of PD in the context of
severe AKI, PD has been found to be comparable to
hemodialysis therapies in management of patients with
AKI as regard metabolic control, mortality, and kidney
function recovery rates [56]. A large body of evidence
including previously published meta-analyses also
showed comparable clinical outcomes including mortal-
ity and renal recovery between patients who received
RRT as PD or hemodialysis [57, 58]. Therefore, PD
appears to be an effective and feasible method for
treating critically ill COVID-19 infected patients with
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AKI, especially in hospitals where more sophisticated
technologies are not available.

4 | EXTRACORPOREAL BLOOD
PURIFICATION THERAPIES FOR
CYTOKINES REMOVAL

The immune response to SARS-CoV-2 may lead to a patho-
physiological condition of a “cytokine storm” which repre-
sents a severe CRS leading to multi-organ failure [59].

The blood purification systems like therapeutic
plasma exchange (TPE), adsorption, perfusion, blood/
plasma filtration can remove inflammatory cytokines to
an extent that it blocks CRS [1]. These therapies, while
considered as “under scientific investigation,” still repre-
sent a therapeutic option for patients with severe CRS
[59]. They include:

4.1 | Continuous renal replacement
therapy

CRRT plus hemoperfusion seem to be effective in CRS;
it does not only support vital organ functions like heart,
lungs, kidneys, and liver but also avoid organ damage
by removing excess inflammatory mediators [60]. CRRT
has been proven to effectively eliminate inflammatory cyto-
kines such as C-reactive protein (CRP), interleukin-1 (IL-1),
and interleukin-6 (IL-6) [61]. High-volume hemo-
filtration (>50 ml/kg/h) allows greater removal of
hydrophilic middle molecular weight inflammatory
molecules [62].

4.2 | Hemoperfusion

Hemoperfusion is a blood purification technique which relies
on the interaction between a sorbent and target molecules.
Numerous kinds of hemoperfusion cartridges, are now avail-
able worldwide targeting cytokines or endotoxins, for exam-
ple, oXiris and CytoSorb. The oXiris membrane is a heparin
grafted membrane, principally designed for cytokine and
endotoxin adsorption. The CytoSorb has been temporarily
approved in April 2020 by the FDA for the management of
CRS in patients with COVID-19 [59]. Malard et al. showed a
comparable efficacy between oXiris and CytoSorb in removal
of endotoxin and inflammatory mediators and as compared
to Toraymyxin [63]. Toraymyxin is polymyxin B-immobilized
fiber column, which is widely used in endotoxin removal
and adsorption [64]. AN69 membrane is another highly neg-
atively charged membrane with a hydrogel structure all-
owing cytokine adsorption [65].

4.3 | Therapeutic plasma exchange

Plasmapheresis and plasma exchange have not been
widely studied for this indication. There is no consensus
on the routine use of TPE in patients with COVID-19
related CRS considering the scarce evidence of small
studies suggesting that TPE may decrease mortality in
patients with sepsis [66, 67]. Lectin affinity plasmaphere-
sis is another adjunctive potential extracorporeal therapy
for coronavirus trapping based on the high affinity
between the viral envelope and lectins so that it can
reduce the viremia [68].

The extracorporeal blood purification techniques may
represent promising future therapeutic tools for manage-
ment of CRS, however, they can similarly remove essential
drugs and antibiotics which should be also considered in
patients with COVID-19 [69].

5 | SUMMARY OF INTERNATIONAL
RECOMMENDATIONS AND GUIDELINES
CONCERNING RRT IN CRITICALLY ILL
PATIENTSWITH COVID-19:

5.1 | Wuhan expert statement

In general, front-line experts in Wuhan, China fighting
against the COVID-19 pandemic developed an expert
statement regarding the management of critically ill
COVID-19 patients [70]. They suggest the use of KDIGO
criteria for the diagnosis of AKI in COVID-19 patients
[31]. They also suggested using CRRT for the critical
cases complicated by severe AKI, or cytokine storm syn-
drome (expert opinion) [70].

5.2 | American society of nephrology

The ASN released recommendations for care of hospi-
talized patients with COVID-19 and kidney failure
requiring RRT [45]; among which we highlight the
following:

• Indications to start RRT are the same as in other
patients with AKI.

• The preferred modality for RRT in critically ill patients
is CRRT or prolonged intermittent renal replacement
therapies (PIRRT).

• CRRT machines are preferred over IHD in setting of
biocontainment/isolation, as IHD requires 1:1 hemodi-
alysis nursing support.

• IHD can also be performed, if CRRT and PIRRT equip-
ment are not available.
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5.3 | National institutes of health

The National Institutes of Health (NIH) stated the follow-
ing recommendations regarding the management of
severe AKI in COVID-19 patients [71]:

• For critically ill patients with COVID-19 who have
acute kidney injury (AKI) and who develop indications
for renal replacement therapy (RRT), the COVID-19
Treatment Guidelines Panel recommends CRRT, if
available (BIII).

• If CRRT is not available, the Panel recommends pro-
longed intermittent renal replacement therapy (PIRRT)
rather than IHD (BIII).

The panel suggests using the same indications for
RRT in patients with COVID-19 as those used for other
critically ill patients. Since RRT modalities have not been
compared in COVID-19 patients; the Panel's recommen-
dations are motivated by the desire to minimize the risk
of viral transmission to health care workers; therefore,
CRRT is preferable as it does not require nursing staff to
enter the patient's room to begin and end dialysis ses-
sions. CRRT and PIRRT are both preferable to IHD
because neither requires a dedicated hemodialysis
nurse [71].

5.4 | Consensus report of the 25th adqi
workgroup39

The panel of the 25th ADQI Workgroup indicated that
there is no specific evidence to suggest that COVID-19
AKI should be managed differently from other causes of
AKI in critically ill patients. However, the following rec-
ommendations have been stated:

• The use of ultrasound for insertion of vascular access
and RRT dose delivery remain based on KDIGO AKI
guidelines (evidence level: 1A).

• Timing of RRT initiation, vascular access site and
modality of acute RRT should be based on patient
needs, local expertise and the availability of staff and
equipment (not graded).

• As COVID-19 often induces a hypercoagulable state, if
using CRRT, the panel suggested use of continuous
veno-venous hemodialysis or continuous veno-venous
hemodiafiltration to decrease filtration fraction and
reduce the risk of circuit clotting (evidence level: 2C).

A large body of evidence is daily growing throughout
the current pandemic. However, further research is needed
to identify patients at risk of AKI and to guide management

strategies. International collaborative research is needed to
develop new approaches to management.

The precautions that should be adopted by HCPs con-
ducting dialysis treatment to critically ill patients with
COVID-19:

Prevention of transmission of infection to HCPs con-
ducting dialysis sessions is mandatory. Dialysis staff
should follow standard contact instructions, including
isolation gowns, gloves, N-95 or higher-level respirator or
facemask masks, and eye protection (shields or gog-
gles) [72].
It is perfect to limit the time of contact between dialysis
staff, and COVID-19 infected patients in the ICU. Nephrolo-
gists should contact ICU teams to rely on physical examina-
tion findings to minimize patient contact. The facility
should provide telemedicine for monitoring the patient
through a glass door, or camera. Ideally, in facilities, where
ICU nurses are trained on the use of CRRT, hemodialysis
nurses should bring and set up the CRRT machine outside
the isolation ICU. Then, the ICU nurse will take the
machine into the ICU and connect the patient in the room
in order to minimize exposure of medical staff, and use of
personal protective equipment (PPEs) [72].
Disinfection protocols for the dialysis setting should be
implemented. This should include wipes for the dialysis
machine, chair, dialysis station surfaces located within 6 feet
of patients, and all non-dedicated, non-disposable medical
equipment used for dialysis treatment including blood pres-
sure cuffs and stethoscopes. Cleaning and disinfection is
performed with a disinfectant made of sodium hypochlorite
solution containing 1000 ppm of active chlorine. [73, 74].
Dialysis effluent from COVID-19 patients can be disposed
of per standard facility protocols. The genomic material
of SARS-CoV2 was detected in CRRT effluent in an ear-
lier report [75]. Therefore, HCP caring for the patient in
the ICU or disposing of effluent from the CRRT machine
should wear recommended PPE.
It is recommended that the PD effluent should be mixed
with 500 mg/L chlorine-containing solution for 1 h and
poured into the toilet [76].
Adequate rest for HCP is mandatory to concentrate fully
at work to prevent accidental contamination. The mental
and physical health of the medical staff is very important
and should be monitored continuously for any distur-
bances [76].

6 | CONCLUSION

Acute kidney injury in patients infected with coronavirus
disease 2019 is associated with high mortality rates in
intensive care unit. The treatment of acute kidney injury,
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indications of renal replacement therapy, and the modal-
ity of renal replacement therapy seem to be no different
than in other settings. Continuous renal replacement
therapy and prolonged intermittent hemodialysis thera-
pies are preferred over intermittent hemodialysis in terms
of minimizing viral transmission to health care providers.
Peritoneal dialysis may represent a valuable therapeutic
option in the current pandemic especially in hospitals
where more sophisticated technologies are not available.
Further studies concerning renal replacement therapy in
acute kidney injury patients with coronavirus disease
2019 are highly warranted to address the targeted man-
agement protocols.
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