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 ■ ABSTRACT
Acute kidney injury has been reported in as many as 
29% of COVID-19 patients. Reported risk factors include 
elevated baseline serum creatinine, elevated blood urea 
nitrogen, acute kidney injury, proteinuria, and hematuria. 
Suspected causes include sepsis and acute tubular 
necrosis resulting from renal hypoperfusion, cytokine 
release syndrome, direct viral invasion, renal medullary 
hypoxia secondary to alveolar damage, rhabdomyolysis, 
and cardiorenal syndrome due to viral myocarditis.

 ■ INCIDENCE OF AKI
Acute kidney injury (AKI) has been reported to occur 
in 3% to 29% of COVID-19 patients.1–5 The wide 
range of reported incidence is likely due to inconsis-
tent use of AKI defi nitions and to variable incidence 
in people hospitalized with mild symptoms vs criti-
cally ill patients. Published reports indicate that kid-
ney replacement therapy will be needed in about 3% 
to 17% of COVID-19 patients who develop AKI.4,5 
Patients with AKI have a higher risk of mortality, and 
predictors for mortality in a study of 701 COVID-19 
patients included elevated baseline creatinine, blood 
urea nitrogen, AKI, proteinuria, and hematuria.1

 ■ ETIOLOGY OF AKI
The pathogenesis of AKI in COVID-19 is unclear due 
to the limited availability of kidney biopsy reports. It 
is intriguing that SARS-CoV-2 utilizes angiotensin 
converting enzyme 2 as the receptor for entry, which 
is highly expressed in the proximal tubules in the kid-
ney.6 Suspected etiologies for AKI include sepsis and 
acute tubular necrosis resulting from renal hypoperfu-
sion, cytokine release syndrome, direct viral invasion, 
renal medullary hypoxia secondary to alveolar dam-

age, rhabdomyolysis, and cardiorenal syndrome due 
to viral myocarditis.7–9 A postmortem analysis of 26 
patients in China showed evidence of acute tubular 
necrosis and, less commonly, white blood cell casts 
and bacteria suggesting pyelonephritis. Viral particles 
were also identifi ed within the podocytes and proxi-
mal tubular cells, supporting direct viral invasion as a 
possible mechanism for AKI. Additionally, patients 
with elevated serum creatinine phosphokinase had 
pigmented casts on autopsy, suggesting rhabdomyoly-
sis as a possible cause. Interestingly, peritubular and 
glomerular capillary luminal obstruction by eryth-
rocyte aggregation in some patients also suggests a 
possible role of hypercoagulability.8 Proteinuria and 
hematuria have been reported in some patients, 
although it is unclear whether this is due to underly-
ing chronic kidney disease or to infection-mediated 
glomerulonephritis1: there is a report of collapsing 
glomerulopathy on kidney biopsy in an African 
American patient with nephrotic-range proteinuria 
and underlying high-risk APOL1 genetic variant.10

 ■ EVALUATION OF AKI
The evaluation of AKI in COVID-19 patients should 
follow the general approach to workup and diagnosis 
of AKI, utilizing the broad framework of prerenal, 
intrarenal, and postrenal causes. A careful history 
and physical examination, hemodynamic and volume 
assessment, and review of possible nephrotoxic medi-
cations should be undertaken. Urinalysis with sedi-
ment examination is helpful to differentiate the causes 
of AKI. A positive urine dipstick for hemoglobin with 
no erythrocytes on microscopy could signify rhabdo-
myolysis. Muddy brown casts and white blood cell 
casts on urine sediment examination would suggest 
acute tubular necrosis and acute interstitial nephritis 
or pyelonephritis, respectively. Measurement of urine 
sodium may help differentiate prerenal causes from 
acute tubular necrosis. Kidney ultrasonography can 
help identify underlying medical renal disease and rule 
out obstruction. Kidney biopsy should be considered 
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in patients in whom the etiology of AKI is unclear, 
and if the benefi ts of identifying a cause outweigh the 
risks of performing the procedure.11

 ■ TREATMENT OF AKI
Supportive management includes optimizing hemody-
namic and volume management and discontinuation of 
nephrotoxic medications. The indications and timing 
of dialysis initiation remains the same for COVID-19 
patients as for other AKI patients. Additional therapies 
undergoing active investigation that are not limited to 
renal disease include antiviral and anti-infl ammatory 
therapy, such as remdesivir, lopinavir-ritonavir, and 
tocilizumab.7–12 The effi cacy and safety of these drugs 
have not been reported. Although there is no evidence 
to support acute nephrotixicty with these drugs, some 
renal adverse effects have been reported. Protease 
inhibitors should be used cautiously in kidney trans-
plant recipients as they can increase the blood levels 
of immunosuppressive medications (including the 
calcineurin inhibitor tacrolimus), which can worsen 
AKI.13 Chloroquine and hydroxychloroquine have 
been rarely associated with renal podocytopathy mim-
icking Fabry disease.14,15 Adalimumab, a monoclonal 
antibody against tissue necrosis factor alpha, is associ-
ated with autoimmune glomerulonephritis.15 Bacterial 
superinfection necessitates initiation of antibacterial 
therapy, which may also have nephrotoxic effects.11

Continuous kidney replacement therapy is the 
preferred modality of dialysis in patients with hypo-
tension. Theoretically, convective forms of kidney 
replacement therapy (hemofi ltration) have been 
suggested to improve the removal of cytokines, 
but they have not been proven to have better out-
comes than diffusive forms (hemodialysis). There is 
increased risk of clotting of hemodialysis fi lters due 
to cytokine-induced hypercoagulability, so clinicians 
should attempt to anticoagulate all patients that are 
on dialysis if there is no contraindication.16 Hemoper-
fusion fi lters, designed to remove bacteria and viruses 
from the blood, are being studied in trials in COVID-
19 patients in Germany and Italy.17 Additionally, 
extracorporeal membrane oxygenation (ECMO) may 
help improve kidney oxygenation and reduce the risk 
of medullary hypoxia and both kidney replacement 
therapy and extracorporeal membrane oxygenation 
have been used in conjunction with one another.9

 ■ PRESERVING RESOURCES
Due to the high rate of AKI requiring kidney replace-
ment therapy in critically ill patients, a careful daily 
assessment of available resources is needed: a dialysis 

dashboard to track equipment, supplies, personnel, 
and patients should be implemented. Strategies to 
limit frequent patient contact include extension tub-
ing that allows dialysis machines to be placed outside 
the patient rooms, and the use of bedside video moni-
tors. Due to disruptions in the supply chain, healthcare 
systems may experience diffi culty with availability of 
supplies including dialysis fi lters, tubing, and premade 
replacement fl uid. Some institutions have switched 
from hemofi ltration to hemodialysis and are pro-
ducing dialysis solutions in-house.16 The Cleveland 
Clinic now has an online resource at www.youtube.
com/watch?v=1ektoZGu83M&feature=emb_logo, 
which is a step-by-step tutorial for in-house dialysis 
fl uid production. Others have suggested urgent-
start peritoneal dialysis for patients with AKI when 
resources are limited.16

 ■ SUMMARY
Patients with COVID-19 have an increased risk of 
AKI and death. The etiologies of AKI are multifac-
torial, and data from larger case series are needed. 
Management of AKI is supportive, and extracorpo-
real therapies may be required in critically ill patients. 
Healthcare systems should closely track dialysis 
resources, and best-care practices should be shared to 
optimize care in settings of limited resources.
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