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Abstract
Purpose: Severe acute kidney injury (AKI) is a potential complication of COVID-19-associated critical illness. This has 
implications for the management of COVID-19-associated AKI and the resulting increased need for kidney replacement 
therapy (KRT) in the intensive care unit (ICU) and elsewhere in the hospital. The Canadian Society of Nephrology COVID-19 
Rapid Review Team has sought to collate and synthesize currently available resources to inform ethically justifiable decisions. 
The goal is the provision of the best possible care for the largest number of patients with kidney disease while considering 
how best to ensure the safety of the health care team.
Information sources: Local, provincial, national, and international guidance and planning documents related to the 
COVID-19 pandemic; guidance documents available from nephrology and critical care-related professional organizations; 
recent journal articles and preprints related to the COVID-19 pandemic; expert opinion from nephrologists from across 
Canada.
Methods: A working group of kidney specialist physicians was established with representation from across Canada. Kidney 
physician specialists met via teleconference and exchanged e-mails to refine and agree on the proposed suggestions in this 
document.
Key findings: (1) Nephrology programs should work with ICU programs to plan for the possibility that up to 30% or 
more of critically ill patients with COVID-19 admitted to ICU will require kidney replacement therapy (KRT). (2) Specific 
suggestions pertinent to the optimal management of AKI and KRT in patients with COVID-19. These suggestions include, 
but are not limited to, aspects of fluid management, KRT vascular access, and KRT modality choice. (3) We describe 
considerations related to ensuring adequate provision of KRT, should resources become scarce during the COVID-19 
pandemic.
Limitations: A systematic review or meta-analysis was not conducted. Our suggestions have not been specifically evaluated 
in the clinical environment. The local context, including how the provision of acute KRT is organized, may impede the 
implementation of many suggestions. Knowledge is advancing rapidly in the area of COVID-19 and suggestions may become 
outdated quickly.
Implications: Given that most acute KRT related to COVID-19 is likely to be required initially in the ICU setting, close 
collaboration and planning between critical care and nephrology programs is required. Suggestions may be updated as newer 
evidence becomes available.
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Purpose

Severe acute kidney injury (AKI) is a potential complication 
of COVID-19-associated critical illness. Patient volume 
related to COVID-19-associated AKI, as well as the unique 
features of this condition, has implications for the delivery of 
acute kidney replacement therapy (KRT).

Nephrology programs across the country are developing 
policies in this rapidly changing environment. The Canadian 
Society of Nephrology has synthesized guidance documents 
from the broader nephrology community in an effort to pro-
vide the best possible care to the largest number of patients 
with kidney disease while also ensuring the safety of the 
health care team.

Principles

The following principles guided our work to help ensure that 
decisions are ethically supported:

1.	 Uncertainty: An acknowledgment that clinicians and 
administrators are now working in a swiftly evolving 
environment, which will require decision-making 
with limited resources, and with levels of uncertainty 
that are higher than usual.

2.	 Macro-allocation: An acknowledgment that the local 
context and local government priorities will shape deci-
sion-making and that previously sacrosanct standards 
may need to be temporarily adjusted to maximize 
health outcomes for the greatest number of patients.

3.	 Minimize net harm: The idea of limiting the spread of 
disease and the disruption to the health care system.

4.	 Reciprocity: The idea that protecting health care 
workers from COVID-19 is not only an end in itself 
but also a goal that secondarily leads to maintained 
staffing levels for the delivery of care to patients with 
kidney disease.

5.	 Fairness: The idea that patients with kidney disease 
continue to receive appropriate treatments, regardless 
of their COVID-19 status, and the attempt to avoid 
outcomes that disproportionately impact those who 
are most vulnerable (eg, those of lower socioeco-
nomic status).

6.	 Proportionality: The idea of keeping restrictions on 
staff and patients commensurate with the level of risk 
to public health.

7.	 Respect for autonomy: The idea that all plans should 
continue to reflect patient values and beliefs as much 

as possible, granting that choices may be limited in a 
pandemic.

8.	 Fidelity: The need to maintain commitment to 
patients to provide necessary care, even through chal-
lenging times and when there is a degree of risk to 
providers.

Information Sources

The following key sources were reviewed and/or synthesized 
for the creation of this document:

Expert opinions and e-mails (Alberta, Nova Scotia, 
Quebec, British Columbia, and Ontario).
#NephJC (http://www.nephjc.com/news/covidaki).
Ontario Health: COVID-19 Supplemental Clinical 
Guidance #2: Acute Dialysis.
Ontario Health: Pandemic Planning Clinical Guideline 
for patients with chronic kidney disease.
BC Renal Agency: VCH/PCH COVID-19 Procedures and 
Protocols.
Public Health Agency of Canada: Clinical management of 
patients with moderate to severe COVID-19—Interim 
Guidance (April 2, 2020).
American Society of Nephrology: Webinar on hospital 
care and treatment options for COVID-19 positive 
patients with ESKD and AKI (April 2, 2020).
American Society of Nephrology: Webinar on Overcoming 
Challenges to the Provision of Acute Dialysis for COVID-
19 Positive Patients (April 30, 2020). Alhazzani W, Moller 
MH, Arabi YM, Loeb M, Gong MN, Fan E, et  al. 
Surviving Sepsis Campaign: Guidelines on the 
Management of Critically Ill Adults with Coronavirus 
Disease 2019 (COVID-19). Critical Care Medicine. 2020 
Mar 27 [Online ahead of print]. doi: 10.1097/
CCM.0000000000004363.
Burgner A, Ikizler TA, Dwyer JP. COVID-19 and the 
Inpatient Dialysis Unit: Managing Resources During 
Contingency Planning Pre-Crisis. Clinical Journal of the 
American Society of Nephrology. April 3, 2020 [Online 
ahead of print]. doi: 10.2215/CJN.03750320.

Methods

A working group of kidney specialist physicians was estab-
lished with representation from across Canada. Expert advice 
was sought and debated through e-mail exchanges. Five 
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kidney physician specialists met via teleconference and 
exchanged e-mails to refine and agree on the proposed sug-
gestions in this article.

Key Issues and Suggestions/
Considerations

Planning for Increased Capacity to Provide Acute 
KRT

We suggest working with ICU colleagues to plan for the 
possibility that up to 30% of critically ill patients with 
COVID-19 admitted to ICU will require acute KRT.

Rationale: Severe AKI related to COVID-19 appears mostly 
to affect critically ill patients with multiorgan failure.1-5 This 
suggests that increased acute KRT capacity for patients with 
COVID-19, at least initially (and depending on the subse-
quent rate of recovery and death for patients that require it), 
will mostly be needed in ICU.

Because of variation in testing rates and the case fatality 
rate, the risk of other outcomes, such as AKI, is still poorly 
defined for COVID-19. The reported proportion of patients 
with COVID-19 who experience AKI, across available pre-
prints and published studies, is 0.5% to 39%.1-13 Studies were 
generally of patients hospitalized with COVID-19 and, in 
most studies that reported both outcomes, the proportion 
requiring KRT approximated the proportion with AKI. Two 
studies reported AKI stratified according to Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria (Table 1).9,10 
This suggests that most studies to date have focused on 
severe AKI requiring KRT (AKI-KRT). It is unclear to what 
extent KRT availability in different settings might have 
influenced the proportion reported as requiring KRT. It is 
notable that early studies from China reported very low rates 
of AKI.2,9,10 In contrast, a small study (n = 21) that included 
only patients admitted to ICU in Seattle who were generally 
elderly (mean age 70 years), and with co-morbidities, 
reported that 19% of included patients had AKI-KRT.4 
Administrative data from the United Kingdom that included 
6027 patients critically ill with confirmed COVID-19, 
reported that 24% required KRT.5 Table 1 (adapted from 
NephJC14) details preprints and published studies that have 
reported on the incidence of AKI in patients with COVID-
19. Apart from the variation in the definition of AKI, there 
are regional differences in criteria for admission to ICUs; 
generalization to the Canadian setting should be made cau-
tiously. Notably, a recent preprint indicates that, in New 
York, 34% of patients admitted to ICU with COVID-19 
required KRT.15

Based on the available data, it seems prudent to plan for 
the possibility that acute KRT could be required for at least 
30% of patients with COVID-19 admitted to the ICU. 
Although the timing of AKI after ICU admission is not clear, 
the short follow-up in all these studies suggests AKI follows 

ICU admission quite quickly. As many ICU programs have 
plans to scale up the number of ventilated ICU beds (if 
required), parallel up-scaling for the provision of KRT should 
be strongly considered by nephrology programs. Designing 
such a plan requires an understanding of the local ICU 
COVID-19 plan (including physical layout and water supply 
for current and additional ICU beds) and currently available 
KRT resources (including machines (KRT machines ± por-
table reverse osmosis machines, supplies, nursing [ICU and 
hemodialysis (HD)] and dialysis technician support).

Management of AKI and KRT

This section provides an overview of relevant considerations. 
We appreciate that there is wide variation in the relative 
responsibilities of nephrology and ICU programs in the man-
agement of KRT in patients in the ICU. Local circumstances 
should be taken into account in applying our suggestions. 
Close collaboration between nephrology and ICU programs 
at the local level will be required to plan for the potentially 
increased demands of the COVID-19 pandemic.

Fluid management

We suggest judicious fluid administration to target 
euvolemia and avoid fluid overload, bearing in mind the 
increased insensible losses expected for patients with per-
sistent or recurrent fevers.

Rationale: The predominant clinical issue for critically ill 
patients with COVID-19 is acute respiratory distress syn-
drome (ARDS): we, therefore, recommend avoiding fluid 
overload.16,17 However, we recognize that assessing volume 
status may be challenging and a dogmatic approach to 
keeping patients “as dry as possible” should be avoided. 
Insensible losses in those with unremitting or recurrent 
fevers may be significantly increased18 and an overly aggres-
sive approach to diuresis or ultrafiltration with KRT could 
carry potential increased risks of death19 and long-term cog-
nitive impairment13 as a consequence of more frequent 
hypotensive episodes.13,20

We suggest that, under most circumstances, direct exami-
nation of patients admitted to ICU with suspected or con-
firmed COVID-19 does not need to be routinely performed 
by the nephrology consultation service.

Rationale: Every interaction between a health care worker 
and a patient with suspected or confirmed COVID-19 
requires personal protective equipment (PPE) and, even with 
its careful use, carries a risk of transmission of COVID-19. 
Every effort to minimize these interactions is justified. 
Information on physical findings should be sought from 
health care workers who have other reasons to enter the 
room. In addition to the usual chart-based data that inform 
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ultrafiltration prescription for KRT, close consultation with 
ICU colleagues and nurses will be required. Similarly, inves-
tigations that are part of the routine assessment of patients 
with AKI, including urinalysis and kidney ultrasonography, 
may be deferred, unless they are likely to influence manage-
ment. Adopting these practices will decrease risk to health 
care workers, decrease risk of nosocomial transmission, and 
decrease the use of PPE, a scarce resource.

We recommend that starches, gelatins, and hypotonic 
crystalloids should not be used for resuscitation.

Rationale: Starches and gelatins should not be used for 
resuscitation16,17 because they have been shown in random-
ized trials to cause increased risk of death and AKI12,21; 
markedly hypotonic solutions such as half-normal saline 
should not be used for resuscitation as they are less effective 
at increasing intravascular volume compared with isotonic 
solutions.16

Timing of initiation of KRT

We recommend that traditional indications for starting 
KRT apply to patients with COVID-19.

Table 1.  Incidence and Outcomes for Acute Kidney Injury Associated With COVID-19.

Study Setting Definition of AKI

Proportion with 
AKI number/

denominator (%) Need for KRT (%)
Association with  

outcomes

Non-critical care setting  
  Guan et al9 Multicentre

552 Hospitals
32 regions
China

KDIGO 6/1099 (0.5%) 0.8% NR

  Wang et al2 Zhongnan Hospital, 
Wuhan, China

NR 2/102 (2%) 0% NR

  Cheng et al10 Tongji Hospital, 
Wuhan, China

KDIGO 36/701 (5%)
  Stage 1 (2%)
  Stage 2 (1%)
  Stage 3 (2%)

NR After adjustment for 
age, sex, disease 
severity, Stage 2 or 3 
AKI associated with 
mortality

  Xiao et al7 Hankou Hospital, 
Wuhan, China

KDIGO 55/287 (19%)
  Stage 1 (14%)
  Stage 2 or 3 (5%)

NR Mortality:
  No AKI: 3%
  Stage 1: 7%
  Stage 2 or 3: 64%

Critical care setting  
  Wang et al1 Tongji Hospital, 

Wuhan, China
KDIGO 86/344 (25%)

Stage 1 or higher
NR Frequency of AKI  

(Stage 1 or higher) 
according to outcome:

  Survivors: 2.8%
  Died: 60.2%

  Wang et al2 Zhongnan Hospital, 
Wuhan, China

NR 3/36 (8%) (6%) NR

  Chen et al3 Jin Yin-tan Hospital, 
Wuhan, China

Need for continuous 
kidney replacement 
therapy

9/23 (39%) 39% NR

  Arentz et al4 Evergreen Hospital, 
Seattle, USA

KDIGO 4/21 (19%) NR NR

  Yang et al6 Jin Yin-tan Hospital, 
Wuhan, China

NR 15/52 (29%) NR NR

  ICNARC report on 
COVID-19 in critical 
care (May 8, 2020)5

All critical care units 
from England, Wales 
and Northern Ireland

Need for “renal 
support”

1442/6027 (24%) 20% NR

  Chan et al15 Mount Sinai Health 
System, New York, 
United States

KDIGO All hospitalized:
  1406/3235 (44%)
  Stage 1 (35%)
  Stage 2 (20%)
  Stage 3 (45%)
Critically ill:
  553/815 (68%)
  Stage 1 20%
  Stage 2 17%
  Stage 3 63%

Among critically ill
277/815 (34%)

In hospital mortality 45% 
for those with AKI 
(Stage 1 or higher); 7% 
in those without AKI

Note. AKI = acute kidney injury; KRT = kidney replacement therapy; KDIGO = Kidney Disease: Improving Global Outcomes; NR = not reported.
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Rationale: In recent years, the optimal timing of KRT initia-
tion for AKI in critically ill patients has been informed by 
several trials.22-24 Uncertainty prevails, and we await more 
definitive results from the STARRT-AKI trial.25,26 A 2020 
systematic review and individual patient meta-analysis of 9 
studies and nearly 2000 patients randomly allocated to 
earlier or later initiation found no benefit for earlier initia-
tion, reporting risk ratio = 1.01 (95% CI = [0.91, 1.13], 
P = .80), in an analysis characterized by low heterogeneity 
(I2 = 0%) and generally low risk of bias.27 In the context of 
the COVID-19 pandemic, with limited KRT resources, and 
the increased risk to health care workers associated with 
additional procedures, we recommend using traditional 
indications for timing of initiation KRT. It is possible that 
progressive volume overload will be the predominant trig-
ger for the initiation of KRT in COVID-19 infections com-
plicated by AKI.

Modality choice.  Note: for the purposes of this document, 
slow low-efficiency dialysis (SLED) entails using a conven-
tional HD machine to provide dialysis with the following 
adjustments: slow blood-flow rate (Qb) (ie, max 200 mL/
min; slow dialysate flow rate (eg, Qd = 100 mL/min [or as 
low as machine allows] with a maximum of 300 mL/min). In 
addition, SLED involves using smaller-than-standard filters 
(eg, pediatric filter with 0.6 m2 surface area) and treatment 
time of 6 to 10 hours.

We suggest that, during the COVID-19 pandemic, 
nephrology programs should primarily continue to use the 
acute KRT modalities with which they have the most 
expertise.

Rationale: Clinical trials comparing continuous kidney 
replacement therapy (CKRT), intermittent HD, and SLED 
have not demonstrated improved survival with any 1 
modality.28,29

A sepsis-like syndrome, characterized by profound shock, 
and presumably related to high-levels of circulating cyto-
kines (referred to as “cytokine storm”), has been reported as 
a frequent complication of COVID-19.8,30 KRT modalities 
that include convection, such as high-volume hemofiltration, 
are superior at removing larger molecules, such as cyto-
kines; however, both pro- and anti-inflammatory cytokines 
are removed, and clinical outcomes are not improved in 
data from randomized trials of septic patients without 
COVID-19.31,32 In addition, high-volume hemofiltration 
involves the use of very large volumes of replacement solu-
tion, which could become scarce in the context of increased 
KRT use during the COVID-19 pandemic. In the absence of 
persuasive evidence of benefit for any particular modality, 
programs should use the KRT modalities with which they 
have the greatest expertise and those for which they have 
adequate staff.

We suggest not using hemoperfusion for patients with 
COVID-19.

Rationale: Some experts have suggested that hemoperfusion 
might be beneficial for patients with COVID-19, because of 
cytokine adsorption.33,34 At this time, the extent to which 
hemoperfusion might be beneficial for COVID-19 remains 
unclear and, to our knowledge, this has not yet been assessed 
in a randomized trial. The largest trial (n = 450) to assess 
the use of hemoperfusion in septic shock with high circulat-
ing endotoxin levels did not show an impact on 28-day 
mortality.35

Dose of KRT

We suggest that the established minimum dose of contin-
uous KRT (CKRT) should be used as a target during the 
COVID-19 pandemic.

Rationale: The RENAL36 and ATN37 trials demonstrated that 
higher doses of KRT do not provide an incremental survival 
benefit in patients with AKI; we suggest generalizing this to 
the management of patients with COVID-19-associated 
AKI. The control arms of these trials, and preceding observa-
tional evidence of worse outcomes at lower doses, have been 
used to establish the minimum dose of CKRT as 20 to 25 
mL/kg/h of effluent. We recognize that it might become nec-
essary to use lower doses of CKRT if dialysate and replace-
ment solutions for CKRT become depleted (see below). 
Precise calculation of weight-based dosing at 20 to 25 mL/
kg/h of effluent should be used, to maximize the number of 
patients who can be treated.

Vascular access

We recommend favoring the internal jugular (IJ) site for 
temporary HD catheter insertion.

Rationale: Given that many patients with COVID-19 will 
receive prone ventilation,16,17 IJ vascular access should be 
considered the first choice of temporary HD catheter inser-
tion site in most circumstances.

We suggest that a temporary HD catheter (or trialysis 
catheter with a third infusion port) be inserted pre-emp-
tively, at the IJ site, in patients with worsening kidney 
function who are thought likely to require prone ventila-
tion, even in the absence of an acute indication for starting 
KRT.

Rationale: Although vascular access should not usually be 
inserted until a decision to initiate KRT is made, in patients 
with COVID-19, the high level of difficulty in successfully 
inserting a temporary HD catheter in a prone patient is a rel-
evant consideration. In close consultation with the ICU team, 
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it may be advisable to insert a temporary HD catheter at the 
IJ site in patients with worsening kidney function before 
prone ventilation is started, even in the absence of an acute 
indication for starting KRT. Similarly, in patients with a high 
severity of illness, it may be optimal to have multiple proce-
dures (including arterial and central venous catheter inser-
tion) performed at the same time, immediately after 
intubation or ICU admission, to preserve PPE and limit the 
exposure of health care workers. In this circumstance, pre-
emptive insertion of a temporary HD catheter (or of a trialy-
sis catheter with additional port for medications) could also 
be considered for patients at risk of requiring KRT, even in 
the absence of an acute indication for it.

We recommend that temporary HD catheters are vigor-
ously flushed with saline, and locked with citrate or hepa-
rin, immediately after placement.

Rationale: Many reports suggest that patients with COVID-
19 have an exaggerated inflammatory response (“cytokine 
storm”)8,30 and are hypercoagulable.38,39 There are multiple 
anecdotal reports of KRT access clotting in this context. 
Other anecdotal reports indicate that some centers have 
experienced less catheter dysfunction in patients with 
COVID-19 on switching to a using a higher concentration of 
heparin for catheter locks than is typically used between 
KRT treatments (ie, 5000 vs 1000 U/mL).

Anticoagulation for KRT.  In the context of the generalized 
hypercoagulability that has been reported in critically ill 
patients with COVID-19, there are multiple anecdotal reports 
of frequent KRT filter and catheter clotting.

We recommend routinely using higher than standard Qb 
for patients with COVID-19 according to the modality 
being used.

Rationale: Higher Qb will probably reduce the risk of clot-
ting and does not confer a greater risk of hemodynamic 
instability.40,41

We suggest, for patients with COVID-19 without a con-
traindication, using full-dose anticoagulation for KRT 
that includes a bolus through the filter with every new 
circuit.

Rationale: Initiation of KRT with full-dose anticoagulation, 
including a bolus, should be considered, in consultation with 
ICU colleagues, in the absence of overt contraindications. 
Anecdotal reports suggest that higher than standard boluses 
and infusion rates may be required to maintain circuit patency.

We suggest, for patients with COVID-19 already on sys-
temic anticoagulation, using a bolus of anticoagulation 
through the filter when starting KRT (or a new circuit).

Rationale: As above.

We suggest, for patients on CKRT with an element of 
hemofiltration, minimizing the post-filter component of 
the total effluent rate.

Rationale: Limiting hemoconcentration may reduce the risk 
of circuit clotting.

We recommend that programs with experience using 
regional citrate anticoagulation for CKRT consider using 
it preferentially for patients with COVID-19.

Rationale: Anecdotal reports suggest that regional citrate 
anticoagulation is generally effective in preventing circuit 
clotting in patients with COVID-19.

We suggest that programs with experience using regional 
citrate anticoagulation for CKRT, consider using regional 
citrate anticoagulation plus additional systemic anticoag-
ulation (eg, heparin bolus and infusion), when clotting of 
the extra-corporeal circuit prevents delivery of prescribed 
dialysis.

Rationale: We recognize that there is no evidence regarding 
the potential benefits or harms of this intervention; the citrate 
anticoagulation is regional and its intent is not to produce 
systemic anticoagulation. In a time of resource constraint, it 
is particularly important to deliver dialysis efficiently, a full 
treatment as prescribed, with a single setup. We make this 
suggestion to facilitate that goal, recognizing its unknown 
effectiveness and unknown harms, and recognizing the need 
for close collaboration with other disciplines, close monitor-
ing for bleeding, and particular awareness of the possibility 
of pulmonary hemorrhage complicating the respiratory 
disease.

We suggest that programs that do not have experience 
using regional citrate anticoagulation protocols for CKRT 
not implement them immediately.

Rationale: Given that implementing regional citrate antico-
agulation protocols is complex under normal circumstances, 
in the context of other pandemic-related demands, for pro-
grams that do not currently use regional citrate anticoagula-
tion, it is not advisable to start this immediately.

We suggest that low molecular weight heparin may be 
considered for CKRT anticoagulation in patients with 
COVID-19.

Rationale: Some centers in the United States have reported 
less clotting with the use of low-molecular-weight-heparin 
protocols for CKRT than they were previously experiencing 
using unfractionated heparin in patients with COVID-19. In 
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similar circumstances, low-molecular-weight-heparin, already 
in widespread use for outpatient intermittent HD and noctur-
nal dialysis, could be used for CKRT or for acute intermittent 
HD or SLED. This requires close collaboration with other dis-
ciplines to develop or adapt dosing protocols, recognition by 
the whole team that the anticoagulation effect may be pro-
longed beyond the end of dialysis, and recognition that quan-
tification of its effect, if needed (eg, if bleeding occurs) is by 
anti Xa level rather than by partial thromboplastin time (PTT).

Prevention of intradialytic hypotension during intermittent HD 
and SLED

We suggest adjusting the intermittent KRT prescription to 
optimize hemodynamic tolerance of fluid removal.

Rationale: Given that the primary consideration in many 
cases may be management of fluid overload, various mea-
sures can be considered to improve hemodynamic tolerance 
of fluid removal during intermittent KRT treatments. 
Adjustments to the intermittent HD prescription that may be 
considered include use of cool dialysate (≤35.5°C); use of 
higher dialysate sodium concentration (eg, 145 mmol/L); 
switch from intermittent HD to SLED to reduce hourly ultra-
filtration rate. Overall, there is limited evidence in this area. 
A quasi-experimental “before-after” study that included 121 
critically ill patients who underwent 537 intermittent HD 
sessions showed that implementation of guidelines recom-
mending the use of cool dialysate and higher dialysate 
sodium concentration was associated with less-frequent 
intradialytic hypotension.41

Isolated ultrafiltration (ultrafiltration without dialysis) is 
sometime suggested as a method to promote hemodynamic 
stability: during HD, the removal of urea in the intravascular 
compartment creates a reverse osmotic gradient toward the 
interstitium that may reduce refilling (the movement of salts 
and water from extracellular and intracellular compartments to 
the intravascular space that is critical to the maintenance of 
circulating volume during dialysis). This does not occur in 
isolated ultrafiltration. However, direct evidence on this 
question is limited to a single study of 6 stable patients treated 
with outpatient HD, all men, mean age 59 years, excluding 
patients with evidence of autonomic insufficiency.42 Fluid tar-
gets were the same in each group, fluid removal was similar, 
and post dialysis blood pressures similar. We are not aware 
of studies in critically ill patients that have directly assessed 
this intervention.20 This intervention, then, is supported by 
weaker evidence than the other interventions suggested and 
has the potential for harm. If ultrafiltration time is substituted 
for HD time it limits the delivered dose of dialysis; underdi-
alysis is known to be associated with mortality in patients 
with critical illness.43,44 If ultrafiltration time is added to HD 
time, it increases the resources (particularly staff) required 
for treatment and increases the possibility of clotting and the 
need for a second setup.

Reducing infection risk to health care workers involved in providing 
KRT

Whenever possible, we recommend preferentially using 
KRT modalities that reduce the number of health care 
workers exposed to patients with COVID-19, to decrease 
risk to health care workers, risk of nosocomial transmis-
sion, and use of PPE.

Rationale: Preferentially using KRT modalities that reduce 
health care worker exposure to patients with COVID-19 has 
to be considered within the local context of how the provi-
sion of KRT is organized (eg, if SLED provided by ICU 
nurses compared with provided by an additional nurse from 
the HD unit; whether SLED can be provided to more than 1 
patient at a time for cohorted patients with a single dialysis 
nurse) and with respect to resource availability at that time.

We suggest assessing if the use of tubing extensions can 
allow for KRT machines to be operated by health care 
workers at a greater distance from patients with COVID-
19, or outside the isolation room.

Rationale/comments: The use of extension tubing (blood line 
extensions between patient and KRT machines, or water line 
extensions from reverse osmosis [RO] units to KRT 
machines) may reduce infection risk by allowing nurses to 
operate the KRT machine at a further distance from the 
patient or potentially outside of the patient’s isolation room 
depending on the layout of the room. The use of extension 
tubing should be considered with several caveats. First, 
blood extension tubing may result in more frequent trigger-
ing of pressure alarms. Second, the lack of visual surveil-
lance of the whole extracorporeal circuit may increase the 
risk of undetected blood leak. Third, increased exposure to 
the extracorporeal circuit may increase the risk of clotting. 
Fourth, increased blood cooling as it passes through the lon-
ger tubing may provoke hypothermia. Fifth, extra tubing 
connections returning blood from the KRT machine to the 
patient increase the risk of undetected air leaks and, thus, air 
embolism. Last, tubing extensions pose a tripping hazard and 
could result in trauma to the patient’s vascular access. Some 
centers have reported using extensions to operate machines 
outside patient isolation rooms. This might facilitate cohort-
ing of several patients to receive dialysis with a single HD 
nurse, which may be useful if staff become a constrained 
resource. Note that when CKRT is provided with the machine 
placed outside the room, effluent bags containing contami-
nated fluid will be situated in the otherwise “clean” space.

We recommend routinely using remote-control features of 
KRT machines, where available.

Rationale/comments: Although few machines are equipped 
with this technology at present, the use of a remote-control 
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feature may reduce infection risk by allowing control of a 
KRT machine in an isolation room from outside the room.

Considerations if KRT-Related Resources Become 
Limited During the COVID-19 Pandemic

There is an expectation that significant additional ICU 
capacity will be required to care for patients with COVID-
19 in the context of the current pandemic. Given that 25% or 
more of critically ill patients with COVID-19 may require 
KRT, the ability for programs to scale up the provision of 
KRT in the ICU setting is also necessary. Planning should 
consider that specific KRT-related resources may become 
scarce in the context of the pandemic. Planning consider-
ations vary depending on how acute KRT is provided at the 
level of individual programs (eg, if a program routinely uses 
CKRT or SLED; whether SLED is routinely provided by 
ICU nurses or HD nurses). The following subsections out-
line considerations specific to various potential KRT-related 
shortages.

Delaying the need for KRT

We recommend that pre-emptive KRT (ie, before an acute 
indication is present) should not be used.

Rationale/comments: See section on Timing of Initiation, 
above.

We suggest that, in the context of an overall shortage of 
KRT resources, clinicians consider using high-dose 
diuretics (including serial nephron blockade through the 
use of loop and thiazide-type diuretics together) and off-
label use of potassium-binding resins to delay the need for 
KRT, depending on the clinical context and resource 
availability.45

Rationale: No direct data are available on the use of conven-
tional or novel potassium binders in patients who are criti-
cally ill.46 In outpatients, an increased risk of intestinal 
ischemia and thrombosis for users of sodium polystyrene 
sulfonate (SPS, Kayexalate), compared with non-users, has 
been noted in observational research: the increased risk was 
5.6 events per thousand patient-years in stable outpatients, 
but the hazard ratio was 4.9 (95% CI = [1.1, 22.3]).47 The 
team should be alert to the possibility that this incremental 
risk may be higher in patients with COVID-19 because of the 
higher baseline risk of thrombosis; they should also be aware 
that because of this tendency, the occurrence of intestinal 
thrombosis in a patient treated with potassium binders should 
not necessarily be attributed to the use of the binder.

Shortage of CKRT machines

We recommend, in the context of a shortage of CKRT 
machines, using intermittent HD in patients in whom 

intradialytic hypotension is likely to be manageable with 
increased vasopressor dosing.

Rationale/comments: This needs to be weighed according to 
the extent to which there is a shortage of HD nurses if a 
separate HD nurse is required for intermittent HD in the 
ICU. In addition, this approach involves exposing additional 
nursing staff to COVID-19 infection risk and increased PPE 
consumption.

We suggest, in the context of a shortage of CKRT 
machines, using intermittent HD machines to do SLED 
for hemodynamically unstable patients.

Rationale/comments: SLED is defined in the section pertain-
ing to Modality Choice, above. Even when SLED is provided 
using the smallest filter available, due to its increased effi-
ciency relative to CKRT, the prescription should be tailored 
to avoid precipitating hypokalemia and/or hypophosphate-
mia. This involves using a dialysate potassium concentration 
of 3 or 4 mmol/L even in the context of significant pre-SLED 
hyperkalemia. As well, a phosphate additive should be used 
if the patient’s pre-SLED phosphate concentration is in the 
low-normal range or lower. Using SLED rather than CKRT 
also carries the potential issue of having to deploy more HD 
nurses to the ICU and the increased COVID-19 risk exposure 
and PPE use which that entails.

We recommend, in the context of a shortage of CKRT 
machines at centers that use both CKRT or SLED for 
hemodynamically unstable patients, preferentially using 
SLED.

Rationale/comments: This suggestion needs to be weighed 
according to the extent to which there is a shortage of HD 
nurses if a separate HD nurse is required for SLED in the 
ICU.

We suggest, in the context of a shortage of CKRT 
machines, consider using CKRT machines to provide 
shorter sessions of CKRT for 2 patients in 24 hours.

Rationale/comments: Essentially, this involves using 1 CKRT 
machine for 10 hours on 2 patients daily (or 6 hours for 3 
patients), realistically estimating 2 hours for moving and 
cleaning the machine between treatments. One can consider 
running higher than usual effluent rates (eg, 45-50 mL/kg/h) if 
there is no expectation of a shortage of CKRT fluid supplies.

Shortage of CKRT solutions (replacement fluid/dialysate)

We recommend, in the context of a shortage of CKRT 
solutions (fluids), having a lower threshold for using 
intermittent HD in patients in whom hemodynamic insta-
bility is likely to be manageable with increased vasopres-
sor dosing.
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Rationale/comments: As detailed in the preceding section, 
this suggestion needs to be weighed according to the extent 
to which there is a shortage of HD nurses if a separate HD 
nurse is required for intermittent HD in the ICU. In addition, 
this approach involves exposing additional nursing staff to 
COVID-19 infection risk and increased PPE consumption.

We recommend, in the context of a shortage of CKRT 
solutions (fluids), using conventional HD machines to do 
SLED in hemodynamically unstable patients.

Rationale/comments: As detailed above, SLED entails utiliz-
ing Qb max = 200 mL/min; Qd = 100 mL/min (or as low as 
machine allows) with a maximum of 300 mL/min. One 
should also consider using smallest filter available (eg, pedi-
atric filter with 0.6 m2 surface area) and treatment time of 6 
to 10 hours. This carries the potential issue of having to 
deploy HD nurses to the ICU and the increased COVID-19 
risk exposure and PPE use which that entails. In addition, 
one needs to consider and account for increased risks of dis-
equilibrium, hypokalemia, and hypophosphatemia during 
treatment.

We recommend, in the context of a shortage of CKRT 
solutions (fluids), in centers that use both CKRT and 
SLED for hemodynamically unstable patients, favoring 
the use of SLED.

Rationale/comments: As detailed in the preceding section, 
this suggestion needs to be weighed according to the extent 
to which there is a shortage of HD nurses if a separate HD 
nurse is required for SLED in the ICU.

We suggest, if there is a shortage of CKRT solutions (flu-
ids), using a lower dose of CKRT (eg, 10-15 mL/kg/h) 
once metabolic control has been achieved.

Rationale/comments: This maximizes the number of patients 
who can be treated, but requires attention to the possibility 
that underdialysis (ie, failure to deliver standard targets) 
may lead to excess mortality, as suggested by observational 
data.

We suggest, if there is a shortage of CKRT solutions, that 
centers consider producing CKRT solutions locally.

Rationale/comments: A recent publication reports one such 
strategy.45 The successful use of intermittent HD machines to 
generate CKRT solution has also previously been reported.48 
Careful attention and planning is required to address issues 
related to sterility,49 endotoxin levels,48,50 storage, and bridg-
ing incompatible tubing connections. Locally made solutions 
should be used as dialysate (rather than as replacement’ 
fluid) to reduce the risk of direct introduction of potentially-
contaminated fluids into the bloodstream.

Shortage of intermittent HD/SLED capability (nurses and/or 
machines)

We suggest, in the context of a shortage of capacity for 
intermittent HD or SLED, that centers consider redeploy-
ing resources by decreasing the frequency of dialysis for 
selected stable outpatients treated with maintenance HD 
patients, as outlined in the CSN COVID-19 Rapid 
Response Team recommendations for outpatient HD.51

Rationale/comments: Redeployment of trained dialysis staff 
from outpatients to critically ill patients is intended to maxi-
mize the number of surviving patients.

We recommend, in the context of a shortage of capacity 
for intermittent HD or SLED machines, that centers 
review and consider using outdated, but still operable, 
dialysis machines and portable RO units.

Rationale/comments: Doing this early enables an accurate 
understanding of available resources.

We recommend, in the context of a shortage of staff for 
intermittent HD or SLED, dialysis-trained staff be rede-
ployed from other areas to provide necessary support.

Rationale/comments: Prior to redeployment, an assessment 
of the total number of dialysis-trained staff and the machines 
with which they have experience working with should be 
undertaken.

We suggest, in the context of a shortage of machines for 
intermittent HD or SLED, that centers consider using any 
available home HD machine stockpile.

Rationale/comments: Although this maximizes available 
resources, we recognize that staff training will likely be nec-
essary for the use of machines outside their usual setting in 
each program.

We suggest, in the context of a shortage of machines for 
intermittent HD or SLED, that centers consider whether 
home HD patients who use their machines on alternate 
days would be willing to share a machine, allowing the 
return of a machine to the program for acute KRT.

Rationale/comments: There are potential barriers to this 
approach including the near-inevitability of a breach in 
patient confidentiality and the potential for COVID-19 trans-
mission between patients who have agreed to share machines. 
As above, staff training on the unfamiliar machine will also 
likely be necessary.

We suggest, in the context of a shortage of capacity for 
intermittent HD or SLED, shortening SLED duration to 
6 hours, permitting the treatment of 3 patients daily.
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Rationale: This schedule allows 2 hours for moving and 
cleaning the machine between patients.

We suggest, in the context of a shortage of capacity for 
intermittent HD or SLED, that centers consider whether 1 
nurse can supervise 2 or more machines simultaneously, for 
patients who are located close together and who have the 
same isolation status; start and stop times can be staggered.

Rationale: If machines are available but HD nurses are lim-
ited, this will maximize benefits.

We suggest, in the context of a shortage of capacity for 
intermittent HD or SLED, at centers where SLED is the 
modality typically used for hemodynamically unstable 
patients and it is usually provided by ICU nurses (which 
is not widely done), use SLED rather than intermittent 
HD for hemodynamically stable patients.

Rationale/comments: This can be done to reduce HD nursing 
needs and PPE use (if ICU resources allow).

We suggest, in the context of shortage of capacity for 
intermittent HD or SLED, that centers consider building 
capacity for KRT in community hospitals that have main-
tenance HD units but where acute KRT is not routinely 
provided in ICU.

Rationale/comments: Staffing issues need to be carefully 
considered as well as the potential need for additional KRT 
machines and RO units.

Use of Acute Peritoneal Dialysis to Meet AKI-KRT 
Needs During the Pandemic

We suggest, in the context of an acute shortage of other 
KRT modalities, using acute peritoneal dialysis (PD) if 
necessary.

Rationale/comments: Acute PD can successfully be used to 
treat critically ill patients in a variety of settings.52 General 
guidelines for the use of PD in AKI have previously been 
reported.11 Many considerations would be involved in the 
decision to use acute PD, including the following:

•• Depending on the center, nephrologists, surgeons, or 
interventional radiologists may perform acute PD 
catheter insertion. Early planning with those special-
ists is warranted if resources for non-PD KRT modali-
ties are likely to become scarce during the COVID-19 
pandemic.

•• Nursing exposure to COVID-19 infection risk (and 
PPE use) would be best limited using automated PD 
(cycler).

•• PD may be more complicated in patients who require 
prone ventilation, with problems with pressure effects 
affecting filling and the risk of abrasion and traction at 
the new exit site. However, successful acute use in a 
prone patient has been reported.53

•• Lower dialysate volumes, compared with higher 
dialysate volumes, have several potential advantages 
in this setting: they may enable better ventilation 
because of lower intra-abdominal pressure; they may 
reduce the risk of peri-catheter leak, an important 
consideration because catheters will be used soon 
after insertion. Clinicians need to be alert to the pos-
sibility of underdialysis when lower volumes are 
used.

COVID-19 Drug Dosing for Patients With Kidney 
Dysfunction

We suggest adjusting the dose of medications used to treat 
COVID-19 in patients with low glomerular filtration rate 
of any cause and in patients who are treated with mainte-
nance dialysis.

Rationale/comments: This consideration is not specific to 
patients with AKI. Currently, no medications have been 
approved in Canada for treatment of COVID-19. Nonetheless, 
many medications are being used off-label or through clini-
cal trials. Given that this is a rapidly changing area in which 
there is currently minimal evidence, we suggest referring to 
continuously updated online resources such as the #NephJC 
AKI blog14 that detail kidney function dosing considerations 
for medications that have been suggested as potential thera-
pies for COVID-19.

Limitations

There are many important limitations to this work. First, 
because of time constraints and the rapidly evolving infor-
mation in this field, systematic review or meta-analysis was 
not possible. Second, none of the suggestions have been 
specifically evaluated in the clinical environment. Third, 
we are unable to anticipate the many ways in which the 
dynamic local context, including the details of organization 
of care for patients with AKI and the magnitude of the clini-
cal need, will affect the implementation of our suggestions. 
Fourth, we did not address any ethical issues with respect to 
the need to triage KRT related resources if rationing were to 
be required. Finally, knowledge is advancing rapidly in this 
area; our suggestions may be rapidly outdated. We recog-
nize the importance of other curated sources of evidence 
and advice (eg, #NephJC blog, available at http://www.
nephjc.com/news/covidaki) in this rapidly changing 
environment.
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Implications

We explicitly recognize that we may not be able to deliver 
care to all patients, that is, in keeping with current Canadian 
best practices, and suggest practical methods of maximizing 
benefits for the greatest number of patients. Acute KRT sec-
ondary to COVID-19 is likely to be initially required in the 
ICU setting; close collaboration and planning between criti-
cal care and nephrology programs at the local level is 
required. Suggestions included in this document will require 
updating as newer evidence becomes available. As part of 
our knowledge translation strategy, the manuscript will be 
available on the CSN Web Site51 as a preprint and when pub-
lished. Members of the CSN, Canadian Association of 
Nephrology Nurses and Technologists (CANNT), and the 
Canadian Association of Nephrology Administrators 
(CANA) will receive an e-mail to this effect. Preliminary 
suggestions were shared with these groups during a CSN-
hosted webinar on 2020 April 18.

Acknowledgments

Canadian Society of Nephrology COVID-19 Rapid Response 
Team: John Antonsen—British Columbia, Cheryl Banks—Prince 
Edward Island, David Clark—Nova Scotia, Edward G. Clark—
Ontario (Lead AKI/ICU), Michael Copland—British Columbia, 
Sara N. Davison—Alberta, Aviva Goldberg—Manitoba, Juliya 
Hemmett—Alberta, Swapnil Hiremath—Ontario, Joanne Kappel—
Saskatchewan, Jennifer M. MacRae—Alberta, Fabrice Mac-Way—
Quebec, Anna Mathew—Ontario, Brendan McCormick—Ontario, 
Louise Moist—Ontario, Sarah Moran—Ontario, Sanja Pandeya—
Ontario, Elena Qirjazi—Alberta, Krista Ryz—Manitoba, Suneet 
Singh—British Columbia, Steven Soroka—Nova Scotia, Rita 
Suri—Quebec (Lead Hemodialysis), Karthik Tennankore—Nova 
Scotia, Susan Thanabalasingam—Ontario, Ron Wald—Ontario, 
Matthew A. Weir—Ontario, Christine White—Ontario (Lead GN/
MCKC), and Deborah Zimmerman—Ontario (Lead Home). 
Steering Committee: Adeera Levin, Reem A. Mustafa, Gihad 
Nesrallah, Steven Soroka, and Deborah Zimmerman.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Edward G. Clark  https://orcid.org/0000-0002-6767-1197
Swapnil Hiremath  https://orcid.org/0000-0003-0010-3416

Steven D. Soroka  https://orcid.org/0000-0002-7278-1702
Ron Wald  https://orcid.org/0000-0003-4411-8169

References

	 1.	 Wang Y, Lu X, Chen H, et al. Clinical course and outcomes of 
344 intensive care patients with COVID-19. Am J Respir Crit 
Care Med. 2020;201. doi:10.1164/rccm.202003-0736LE.

	 2.	 Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hos-
pitalized patients with 2019 novel coronavirus-infected pneu-
monia in Wuhan, China. JAMA. 2020;323:1061-1069.

	 3.	 Chen N, Zhou M, Dong X, et al. Epidemiological and clinical 
characteristics of 99 cases of 2019 novel coronavirus pneumo-
nia in Wuhan, China: a descriptive study. Lancet. 2020;395 
(10223):507-513.

	 4.	 Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes 
of 21 critically III patients with COVID-19 in Washington 
State. JAMA. 2020;323:1612-1614.

	 5.	 ICNARC report on COVID-19 in critical care (8 May 2020). 
https://www.icnarc.org/Our-Audit/Audits/Cmp/Reports. 
Accessed May 12, 2020.

	 6.	 Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of 
critically ill patients with SARS-CoV-2 pneumonia in Wuhan, 
China: a single-centered, retrospective, observational study. 
Lancet Respir Med. 2020;8:475-481.

	 7.	 Xiao G, Hu H, Wu F, et al. Acute kidney injury in patients hospital-
ized with COVID-19 in Wuhan, China: a single-center retrospec-
tive observational study. medRxiv. 2020. https://www.clinicaltrials.
gov/ct2/show/NCT04316299. Accessed June 27, 2020.

	 8.	 Huang C, Wang Y, Li X, et  al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497-506.

	 9.	 Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coro-
navirus disease 2019 in China. New Engl J Med. 2020. https://
www.nejm.org/doi/pdf/10.1056/NEJMoa2002032. Accessed 
June 27, 2020.

	10.	 Cheng Y, Luo R, Wang K, et al. Kidney disease is associated 
with in-hospital death of patients with COVID-19. Kidney Int. 
2020;97(5):829-838.

	11.	 Cullis B, Abdelraheem M, Abrahams G, et al. Peritoneal dialy-
sis for acute kidney injury. Perit Dial Int. 2014;34(5):494-517.

	12.	 Zarychanski R, Abou-Setta AM, Turgeon AF, et al. Association 
of hydroxyethyl starch administration with mortality and 
acute kidney injury in critically ill patients requiring volume 
resuscitation: a systematic review and meta-analysis. JAMA. 
2013;309(7):678-688.

	13.	 Mikkelsen ME, Christie JD, Lanken PN, et al. The adult respi-
ratory distress syndrome cognitive outcomes study: long-term 
neuropsychological function in survivors of acute lung injury. 
Am J Respir Crit Care Med. 2012;185(12):1307-1315.

	14.	 #NephJC. COVID acute kidney injury. http://www.nephjc.
com/news/covidaki. Accessed May 12, 2020.

	15.	 Chan L, Chaudhary K, Saha A, et al. Acute kidney injury in 
hospitalized patients with COVID-19. medRxiv. 2020. doi:10.1
101/2020.05.04.20090944.

	16.	 Public Health Agency of Canada. Clinical management of patients 
with moderate to severe COVID-19—Interim guidance. https://
www.canada.ca/en/public-health/services/diseases/2019 
-novel-coronavirus-infection/clinical-management-covid-19.
html. Accessed June 27, 2020.

	17.	 Alhazzani W, Moller MH, Arabi YM, et al. Surviving sepsis 
campaign: guidelines on the management of critically Ill adults 



12	 Canadian Journal of Kidney Health and Disease

with Coronavirus Disease 2019 (COVID-19). Crit Care Med. 
2020;46:854-887.

	18.	 Lamke LO, Nilsson G, Reithner L. The influence of elevated 
body temperature on skin perspiration. Acta Chir Scand. 
1980;146(2):81-84.

	19.	 Silversides JA, Pinto R, Kuint R, et al. Fluid balance, intradia-
lytic hypotension, and outcomes in critically ill patients under-
going renal replacement therapy: a cohort study. Crit Care. 
2014;18(6):624.

	20.	 Douvris A, Zeid K, Hiremath S, et al. Mechanisms for hemo-
dynamic instability related to renal replacement therapy: a nar-
rative review. Intensive Care Med. 2019;45(10):1333-1346.

	21.	 Moeller C, Fleischmann C, Thomas-Rueddel D, et al. How safe 
is gelatin? a systematic review and meta-analysis of gelatin-
containing plasma expanders vs crystalloids and albumin. Crit 
Care. 2016;35:75-83.

	22.	 Zarbock A, Kellum JA, Schmidt C, et  al. Effect of early vs 
delayed initiation of renal replacement therapy on mortality in 
critically Ill patients with acute kidney injury: the ELAIN ran-
domized clinical trial. JAMA. 2016;315(20):2190-2199.

	23.	 Gaudry S, Hajage D, Schortgen F, et al. Initiation strategies for 
renal-replacement therapy in the intensive care unit. New Engl 
J Med. 2016;375(2):122-133.

	24.	 Barbar SD, Clere-Jehl R, Bourredjem A, et al. Timing of renal-
replacement therapy in patients with acute kidney injury and 
sepsis. New Engl J Med. 2018;379(15):1431-1442.

	25.	 STARRT-AKI Investigators. Statistical analysis plan for the 
Standard versus Accelerated Initiation of Renal Replacement 
Therapy in Acute Kidney Injury (STARRT-AKI) trial. Crit 
Care Resusc. 2019;21(3):162-170.

	26.	 Smith OM, Wald R, Adhikari NK, et al. Standard versus accel-
erated initiation of renal replacement therapy in acute kidney 
injury (STARRT-AKI): study protocol for a randomized con-
trolled trial. Trials. 2013;14:320.

	27.	 Gaudry S, Hajage D, Benichou N, et al. Delayed versus early 
initiation of renal replacement therapy for severe acute kid-
ney injury: a systematic review and individual patient data 
meta-analysis of randomised clinical trials. Lancet. 2020;395: 
1506-1515.

	28.	 Bagshaw SM, Berthiaume LR, Delaney A, Bellomo R. 
Continuous versus intermittent renal replacement therapy for 
critically ill patients with acute kidney injury: a meta-analysis. 
Crit Care Med. 2008;36(2):610-617.

	29.	 Zhang L, Yang J, Eastwood GM, Zhu G, Tanaka A, Bellomo 
R. Extended daily dialysis versus continuous renal replacement 
therapy for acute kidney injury: a meta-analysis. Am J Kidney 
Dis. 2015;66(2):322-330.

	30.	 Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predic-
tors of mortality due to COVID-19 based on an analysis of 
data of 150 patients from Wuhan, China. Intensive Care Med. 
2020;46:846-848.

	31.	 Olivier J-B, Honore PM, Perez P, et  al. High-volume versus 
standard-volume haemofiltration for septic shock patients with 
acute kidney injury (IVOIRE study): a multicentre randomized 
controlled trial. Intensive Care Med. 2013;39:1535-1546.

	32.	 Clark E, Molnar AO, Joannes-Boyau O, Honore PM, Sikora L, 
Bagshaw SM. High-volume hemofiltration for septic acute kid-
ney injury: a systematic review and meta-analysis. Crit Care. 
2014;18(1):R7.

	33.	 Ronco C, Reis T, De Rosa S. Coronavirus epidemic and extra-
corporeal therapies in intensive care: si vis pacem para bellum. 
Blood Purif. 2020;49(3):255-258.

	34.	 Ronco C, Reis T. Kidney involvement in COVID-19 and ratio-
nale for extracorporeal therapies. Nat Rev Nephrol. 2020;16: 
1-3.

	35.	 Dellinger RP, Bagshaw SM, Antonelli M, et al. Effect of targeted 
polymyxin B hemoperfusion on 28-day mortality in patients with 
septic shock and elevated endotoxin level: the EUPHRATES 
randomized clinical trial. JAMA. 2018;320(14):1455-1463.

	36.	 Bellomo R, Cass A, Cole L, et al. Intensity of continuous renal-
replacement therapy in critically ill patients. New Engl J Med. 
2009;361(17):1627-1638.

	37.	 Palevsky PM, Zhang JH, O’Connor TZ, et al. Intensity of renal 
support in critically ill patients with acute kidney injury. New 
Engl J Med. 2008;359(1):7-20.

	38.	 Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous 
thromboembolism in patients with severe novel coronavirus 
pneumonia. J Thromb Haemost. 2020;18:1421-1424.

	39.	 Zhang Y, Xiao M, Zhang S, et al. Coagulopathy and antiphos-
pholipid antibodies in patients with COVID-19 [published 
online ahead of print April 8, 2020]. New Engl J Med. 2020; 
382(17):e38.

	40.	 Ricci Z, Romagnoli S, Ronco C. The 10 false beliefs in adult criti-
cal care nephrology. Intensive Care Med. 2018;44(8):1302-1305.

	41.	 Douvris A, Malhi G, Hiremath S, et al. Interventions to pre-
vent hemodynamic instability during renal replacement ther-
apy in critically ill patients: a systematic review. Crit Care. 
2018;22(1):41.

	42.	 Henrich WL, Woodard TD, Blachley JD, Gomez-Sanchez C, 
Pettinger W, Cronin RE. Role of osmolality in blood pres-
sure stability after dialysis and ultrafiltration. Kidney Int. 
1980;18(4):480-488.

	43.	 Schiffl H, Lang SM, Fischer R. Daily hemodialysis and the 
outcome of acute renal failure. New Engl J Med. 2002;346(5): 
305-310.

	44.	 Paganini EP, Tapolyai M, Goormastic M, et  al. Establishing 
a dialysis therapy/patient outcome link in intensive care unit 
acute dialysis for patients with acute renal failure. Am J Kidney 
Dis. 1996;28(5):S81-S9.

	45.	 Burgner A, Ikizler TA, Dwyer JP. COVID-19 and the inpatient 
dialysis unit: managing resources during contingency planning 
pre-crisis. Clin J Am Soc Nephrol. 2020;15:720-722.

	46.	 Clase CM, Carrero JJ, Ellison DH, et al. Potassium homeostasis 
and management of dyskalemia in kidney diseases: conclusions 
from a Kidney Disease: Improving Global Outcomes (KDIGO) 
Controversies Conference. Kidney Int. 2020;97(1):42-61.

	47.	 Noel JA, Bota SE, Petrcich W, et al. Risk of hospitalization for 
serious adverse gastrointestinal events associated with sodium 
polystyrene sulfonate use in patients of advanced age. JAMA 
Intern Med. 2019;179:1025-1033.

	48.	 Leblanc M, Moreno L, Robinson OP, Tapolyai M, Paganini 
EP. Bicarbonate dialysate for continuous renal replacement 
therapy in intensive care unit patients with acute renal failure. 
Am J Kidney Dis. 1995;26(6):910-917.

	49.	 Kanagasundaram NS, Larive AB, Paganini EP. A prelimi-
nary survey of bacterial contamination of the dialysate cir-
cuit in continuous veno-venous hemodialysis. Clin Nephrol. 
2003;59(1):47-55.



Clark et al	 13

	50.	 Teo BW, Demirjian S, Meyer KH, Wright E, Paganini EP. 
Machine-generated bicarbonate dialysate for continuous ther-
apy: a prospective, observational cohort study. Nephrol Dial 
Transplant. 2007;22(8):2304-2315.

	51.	 Canadian Society of Nephrology COVID-19 rapid response 
team recommendations. https://www.csnscn.ca/covid-19-rapid-
response-team-recommendations-to-be-published-in-the-

canadian-journal-of-kidney-health-and-disease. Accessed May 
12, 2020.

	52.	 Ponce D, Balbi A, Cullis B. Acute PD: evidence, guidelines, 
and controversies. Semin Nephrol. 2017;37(1):103-112.

	53.	 Klisnick A, Souweine B, Filaire M, et  al. Peritoneal dialysis 
in a patient receiving mechanical ventilation in prone position. 
Perit Dial Int. 1998;18(5):536-538.


