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Introduction

Novel coronavirus disease 2019 (COVID-19) has emerged as a threat to the human
population worldwide. Old age and presence of comorbidities are risk factors for
severe complications of the disease, as many of these patients are not able to mount
effective or have an aberrant antiviral response. Patients with chronic kidney disease
are at high risk of COVID-19 and its complications, especially those with end-stage
renal disease (ESRD). Patients have repeated exposure to crowding in dialysis units,
and face the uncertainties of health care system sustainability during periods of
increasing demand and scarce supply. Acute kidney injury (AKI) is a notable compli-
cation in patients with COVID-19 with an incidence of up to 25% in specific popula-
tions. Patients with AKI have a higher mortality rate. The etiology and pathogenesis
of AKI in COVID-19 are multifactorial. Direct viral invasion and cytopathic effects on
renal tubular cells and indirect factors like hypovolemia, rhabdomyolysis, renal vein
congestion, and hypercoagulable state play a role in causing AKI in these patients.
Renal replacement therapy in the form of continuous renal replacement therapy is
most widely used worldwide mostly due to hemodynamic instability of critically sick
patients with COVID-19. Anticoagulation therapy is critical as most COVID-19 patients
have increased clotting tendency and extracorporeal circuit thrombosis is common.
ESRD patients in China had mild-to-moderate symptoms commonly. However, the
data from Spain and Italy report a higher mortality rate in ESRD patients than the gen-
eral population. Strict screening and uniform adherence to infection control practices
have led to a decreased risk of cross-infection among other patients and dialysis per-
sonnel in dialysis units. The association between nephrology and COVID-19 is unique
and focus on further research on kidney pathology along with the strengthening of
existing dialysis facilities are needed.

asymptomatic individuals. The presence of comorbidities
namely hypertension, diabetes mellitus, CKD, and immu-

The infection caused by severe acute respiratory distress
syndrome coronavirus 2 (SARS- CoV-2), also called the coro-
navirus disease 2019 (COVID-19), is closely linked to the
kidneys, both in terms of commonly affecting the kidneys
and having an increased prevalence and severity in patients
with chronic kidney diseases (CKDs).!? Unlike the previous
pandemics caused by respiratory viruses, the SARS-CoV-2
virus affects multiple organ systems apart from severe
respiratory involvement and spreads quickly among healthy
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nosuppressed state namely cancer and organ transplant
recipients have clearly emerged to be the risk factors for
life-threatening COVID-19.34

Pathogenesis of Coronavirus Disease 2019
Related Kidney Disease

SARS-CoV-2 can affect the kidneys both directly and indi-
rectly. Kidney involvement can be in the form of acute
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kidney injury (AKI), proteinuria, and hematuria.? AKI is typ-
ically seen in severe COVID-19 disease owing to multiple
mechanisms.® Direct viral (SARS-CoV-2) invasion in kidneys,
specifically the renal tubular epithelium and podocytes, was
demonstrated in a postmortem study in Chinese patients
with severe COVID-19 pneumonia.® Virus-like particles were
shown ultrastructurally and SARS-CoV-2 nucleoprotein by
indirect immunofluorescence using an antibody. Direct viral
infection could be associated with AKI and proteinuria in
these patients as it correlates with histopathological findings
of tubular injury in the form of loss of brush border and vac-
uolation in the proximal tubular epithelial cells along with
podocyte vacuolation with occasional detachment. In another
preprint study in medRxiv,” virus-like particles in the tubular
epithelium—in addition to a direct cytopathic effect—were
shown to initiate macrophage and complement deposition
which cause tubular injury. However, lack of demonstration
of SARS-CoV-2 RNA and lack of inclusion of patients with AKI
who had less severe symptoms of COVID-19, make a case for
further indagating to understand kidney injury in COVID-19.
Indirect causes of AKI due to hypoxic or toxin mediated acute
tubular injury are often common in patients with severe
COVID-19.° Cytokine release syndrome (cytokine storm),
driven predominantly by interleukin (IL)-6, is one among the
various culprits.® Systemic endothelial injury, increased vas-
cular permeability, intravascular hypovolemia, and therefore
renal tubular injury are the harbinger to the cytokine storm.
Cytokine release syndrome is also frequently associated
with cardiomyopathy which results in renal tubular injury
by similar mechanisms as cardiorenal syndrome type 1.°
Occurrence of rhabdomyolysis in critically sick patients on
mechanical ventilation is also attributed to cause AKI in
COVID-19 disease. Histopathological findings of hemosiderin
granules in tubular epithelium and occasional pigmented
casts in tubular lumen of few patients with elevated creatine
phosphokinase indicate rhabdomyolysis as a contributing
factor for AKLS Renal compartment syndrome—secondary to
ventilatory abnormalities or fluid overload from aggressive
fluid resuscitation in patients with severe COVID-19—could
lead to increased renal vein congestion and impaired venous
drainage and therefore AKIL>®° It is also possible that renal
infarction due to hypercoagulable state seen in COVID-19'°
could also result in acute tubular or cortical necrosis.!" The
various possible pathogenetic mechanisms of AKI in patients
with COVID-19 are shown in =Table 1.

The histopathological findings of the kidneys include
acute tubular injury (in various forms) and occasional podo-
cytopathy.® The vascular (peritubular capillaries and glomer-
ular capillary loops) involvement in the form of aggregation
of red blood cells which are devoid of fibrin or platelet and
are associated with surrounding secondary endothelial
injury.® The reason for this finding is unclear, and the absence
of a typical thrombus (as seen in thrombotic microangiop-
athy) and interstitial hemorrhage (as seen in Hantavirus
infection) suggest need for future deliberation on COVID-19
related kidney pathology. Only 3 out of 26 patients had evi-
dence of few segmental fibrin thrombi in the glomerular
capillary loops along with endothelial injury.® Disseminated
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Table 1 Direct and indirect causes of acute kidney injury in
coronavirus disease 2019

Direct cause

Direct viral invasion (likely) causing cytopathic effects on
renal tubular cells and podocytes

Indirect causes

Hypoxic acute tubular injury

i. Secondary to hypovolemia and decreased perfusion
ii. Cytokine release syndrome
iii. Cardiorenal syndrome type 1

Rhabdomyolysis-mediated acute tubular injury
i. Secondary to hyperventilation related muscle injury

Renal compartment syndrome

i. Secondary to renal vein congestion

ii. Ventilation associated increased abdominal pressure
iii.  Aggressive fluid resuscitation

Renal infarction
i. Secondary to hypercoagulable state

intravascular coagulation as manifested by elevated D-dimer
and/or low platelet counts) was seen in a majority, whereas
significant clinical renal dysfunction (elevated serum cre-
atinine >1.2 mg/dL) was not universally present in these
patients despite having pathological evidence of acute tubu-
lar injury.® The high frequency of expression of angiotensin
converting enzyme 2 (ACE2), required for SARS-CoV-2 to
enter host cells, on tubular epithelial cells and podocytes sug-
gest that viral entry in the kidneys is facilitated.® Although
glomerular abnormalities are not described commonly in the
limited available literature on kidney pathology in COVID-19,
collapsing glomerulopathy was reported recently in an
African-American woman with high-risk APOL1 allele who
developed rapid decline in kidney function in the presence of
COVID-19."2 While direct infection of kidneys was not found,
presence of COVID-19 was hypothesized to be a second hit
for the development of collapsing glomerulopathy in a pre-
disposed individual.'?

Acute Kidney Injury in Coronavirus Disease 2019

The incidence of AKI among all patients with proven
COVID-19 varied from 0.5% to 11%2'*'> in China and 19.1 to
22% in the United States, respectively.'®!” Further, when only
critically sick patients with COVID-19 pneumonia were stud-
ied, AKI was documented in 29% in China.'® Notably, AKI is
prevalentin intensive care units (ICUs) caring for critically sick
patients with COVID-19 and is associated with poor patient
survival.>!8 Several investigational therapies are ongoing clin-
ical trials and hopefully will be able to be a potential cure for
patients affected by COVID-19 and its complications such as
AKI. The requirement of renal replacement therapy (RRT) was
reported in 17% of all critically sick patients with COVID-19
in China.'® Further, based on current evidence, the timing and
modality of RRT in these patients is no different from any
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other similar patient in the ICU. However, experts suggest the
use of convection-based dialysis modalities in such patients
for taking care of the “cytokine storm.” Hemoperfusion and
continuous renal replacement therapy (CRRT) using adsorp-
tive filters are proposed to be beneficial for the removal of
large cytokines such as interleukin-6.> There is no conclu-
sive clinical evidence for choosing one modality such as
CRRT over slow low efficiency dialysis in COVID-19 patients.
Hemodynamic tolerability, resource availability, and local
expertise would guide therapy in most situations outside of
clinical trials. Extracorporeal blood circuit clotting is another
common finding in critically sick COVID-19 patients under-
going RRT due to the hypercoagulable state. Appropriate and
early anticoagulation along with dynamic monitoring are
crucial. Peritoneal dialysis (PD) is beneficial in this regard
specifically. In the absence of hypercatabolic state and dif-
ficult ventilation in a patient with COVID-19 requiring RRT,
acute PD has advantages in the form of no requirement of
vascular access and extracorporeal circuit, cardiovascular
stability, minimal requirement for infrastructure and trained
dialysis personnel and to an extent, cost-effectiveness. While
delivering the best therapy is an important concern, being
able to deliver any therapy to all patients is a parallel con-
cern in the current stage of this pandemic. In this regard,
the American Society of Nephrology has recommended
shortening of sessions of CRRT to 10 hours by augmenting
flow rates (40-50 mL/kg/hour), if need be, so as to provide
CRRT to another patient.” The summary of AKI in various
clinical reports is shown in =Table 2.

Chronic Kidney Disease and Coronavirus
Disease 2019

Elderly age and presence of chronic comorbidities have
been shown to be associated with increased risk of severe
COVID-19 infection.** Among all chronic comorbidities,
diabetes, and cardiovascular diseases are common and CKD
is described in approximately 1 to 4.7% of patients.241618
In a prospective study in admitted Chinese patients with
COVID-19, baseline kidney abnormalities at admission—
in the form of proteinuria or hematuria or elevated serum

creatinine—were associated with increased risk of in-hospi-
tal death.? Further, elevated baseline creatinine was associ-
ated with increased risk of AKI and increased likelihood of
admission to ICU.? The authors concluded that patients with
kidney abnormalities (in any form) should be aggressively
evaluated further for progressive disease. Patients with CKD
are immunosuppressed and hence at an increased risk of
upper respiratory tract infections. Moreover, CKD patients
often have other comorbidities such as diabetes, hyperten-
sion, and cardiovascular diseases which are added risk fac-
tors for COVID-19. Patients with diabetic kidney disease
have been shown to have altered expression of ACE2 and
ACE messenger ribonucleic acid as compared with healthy
controls.?® This could predispose such patients to higher
risk of AKI. Despite the link between ACE2 and SARS-CoV-2
infection, there is no evidence to prove that continuing the
use of ACE inhibitor or angiotensin receptor blocker recep-
tor (ARB) in patients with COVID-19 is associated with risk of
acquiring or having severe COVID-19 infection or death.?! The
American college of cardiology? and the European society
of cardiology®* have given similar statements in this regard
advising patients to continue the use of ACE inhibitor or ARB
during this pandemic.

End-Stage Renal Disease and Coronavirus
Disease 2019

Patients on chronic hemodialysis are at higher risk of both
acquiring and having severe COVID-19 as they are often old-
aged, have concomitant comorbidities, and need to gather in
crowded dialysis facilities frequently. Hemodialysis patients
are more prone to bear the brunt of this pandemic as dialysis
units, the life-line for majority of ESRD, are facing an unique
challenge among all other health care systems.?* Hemodialysis
patients in China were shown to have lesser peripheral
blood inflammatory cytokines and milder symptoms of
COVID-19 than other COVID-19 patients in a preprint form
in medRxiv.? Further, in another study from China, the inci-
dence of COVID-19 among all patients on maintenance hemo-
dialysis was 2.15 and 77% of patients had mild-to-moderate
symptoms, with fever seen in 51%.2° Universal screening

Table 2 Incidence of acute kidney injury and use of renal replacement therapy in coronavirus disease 2019 patients in reported

studies
Author (year) Incidence of AKI Use of RRT Risk factors for AKI
Huang et al™ (2020) 7% 7% NA
Chen et al™ (2020) 11% 1% NA
Cheng et al? (2020) 5.1% NA (AKI stage 3 in 2%) Elevated baseline serum creatinine
Guan et al® (2020) 0.5% 0.8% NA
Wu et al'* (2020) 4.5% NA NA
Yang et al'® (2020) 29% 17% NA
Richardson et al'® (2020) 22% 3.2% Diabetes mellitus
Arentz et al,’” (2020) 19.1% NA NA

Abbreviations: AKI, acute kidney injury; NA, not available; RRT, renal replacement therapy.
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with chest computed tomography (CT) showed Iung find-
ing even in asymptomatic patients which constituted 21.4%.
This amplifies the possibility of rapid spread of COVID-19 in
dialysis centers as majority of patients can be asymptomatic
or mildly symptomatic and missed on routine screening.
In such a situation, transmission to health care workers in
dialysis units is another challenge as the working of the unit
depends on their skilled expertise. Reports from Spain and
Italy found high mortality rates (30.5 and 25%, respectively)
in ESRD patients with COVID-19.2728 Dialysis vintage, lymph-
openia, and increased lactate dehydrogenase at admission
were predictors of mortality.?” Of note, three (8.3%) patients
had documented nosocomial transmission.?” While CT-based
screening of all ESRD patients was found to detect asymp-
tomatic ESRD patients, nonspecificity of CT findings in ESRD
patients, nonavailability of CT scan facilities in many centers,
and concerns over wider exposure of a potential patient to
hospital staff while taking up to imaging room are some
of its limitations. Treatment of most of the ESRD patients
with COVID-19 included antivirals (lopinavir/Ritonavir) in
China and antivirals with hydroxychloroquine in Spain and
Italy.?528 Recommendations by professional societies inter-
nationally (America?® and Europe®’) and nationally®' have
focused on temperature and symptom screening, and not
radiology based screening, at the entrance of hemodialysis
units. Health care facilities should implement changes to the
functioning of the existing dialysis unit including universal
use of medical grade masks by patients, provision of adequate
personal protective equipment to dialysis staff and educating
them regularly, apart from strict screening, so as to take care
of potential asymptomatic ESRD patients. Moreover, sepa-
rate area for COVID-19 suspected patients should be made
to quickly isolate such patients. Recommendations on strate-
gies to contain COVID-19 among dialysis centers are available
from professional societies from America,? Europe,* China,*
and India.*!

Kidney Transplant Recipients and
Coronavirus Disease 2019

Kidney transplant recipients are at heightened risk for severe
COVID-19 due to their immunosuppressed state. Case reports
and series describe severe COVID-19*® and atypical manifes-
tations in transplant recipients.> In a cohort of 15 transplant
patients hospitalized with COVID-19 in New York,* clinical
presentation was akin to the general population, and 53% had
a successful recovery. The incidence of AKI was higher (40%)
than the general population (up to 25%). However, another
study comprising of 20 patients from Italy reported a rapid
progression of pneumonia and a mortality rate of 25%.%° The
optimal management of immunosuppression is not known.
However, a reduction in the dose or discontinuation of anti-
metabolites and sometimes, calcineurin inhibitors are the
current consensus.*>3¢ Various therapies, namely antivirals,
hydroxychloroquine, interferon-a, and tocilizumab remain
nugatory.>>3¢ An attempt to reintroduce immunosuppressive
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agents at 2 weeks postdischarge is currently practiced in
New York.*

To conclude, the association between COVID-19 and
nephrology is unique. Future research needs to deliber-
ate on the clinical characteristics and pathological find-
ings of COVID-19 related kidney injury for understanding
the implications of evaluation for kidney involvement in
COVID-19. The current pandemic also exposes the fault lines
in the health care delivery worldwide and holler for the long-
term strengthening of the existing dialysis facilities as a pri-
ority among health care imperatives.
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