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ABSTRACT
COVID-19 and acute kidney injury

The Coronavirus disease 2019 (COVID-19) pandemic caused by severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2) started in December 2019
and has affected millions of lives worldwide, while many aspects of the illness
are still unknown. Current data show that many hospitalized COVID-19
patients suffer from kidney damage, in the form of proteinuria, hematuria or
acute kidney injury (AKI). AKl is especially prevalent among severe and criti-
cally ill COVID-19 patients and is a predictor of mortality. The pathophysiolo-
gy of AKl in COVID-19 is unclear. Early reports of histopathologic examination
from autopsied kidney tissue show SARS-CoV-2 viral particles in renal tubular
cells and podocytes, suggesting direct viral infection, as well as findings of
acute tubular necrosis, while rhabdomyolysis-associated AKI and glomerulop-
athies may also occur. As of today, only remdesivir has been authorized to
treat COVID-19. Ongoing research investigates potential of anti-viral and
anti-inflammatory agents along with safety and efficacy of commonly pre-
scribed drugs such as renin-angiotensin-aldosterone system blockers. This
review discusses the prevalence of AKI and its association with outcome,
while highlighting possible mechanisms of AKI and suggesting organ protec-
tive measures to prevent the development of kidney damage.

Key words: COVID-19; acute kidney injury; mortality

Tuberk Toraks 2020;68(4):407-418 407 []


https://orcid.org/0000-0002-6318-4199
https://orcid.org/0000-0003-0667-2230
https://orcid.org/0000-0002-5862-2334
https://orcid.org/0000-0002-1297-0675

COVID-19 and acute kidney injury

0z

COVID-19 ve akut bobrek hasar

Coronaviris hastaligi 2019 (COVID-19) Aralik 2019 tarihinden beri agir solunum yolu hastaligina (SARS-CoV-2) neden olmaktadir.
Su ana kadar milyonun (zerinde insan hastaliga yakalanmis olmasina ragmen hastaligin etyopatogenezi tam bilinmemekte ve bir¢cok
organ tutulumu ile seyredebilmektedir. COVID-19'un hastalarda hematiiri, proteiniiri, akut bébrek hasari gibi sorunlara (ABH) neden
olabildigi rapor edilmistir. ABH 6zellikle yogun bakim hastalarinda daha sik olup mortalite ve morbidite ile iliskili bulunmustur. Ancak
COVID-19’a baglh ABH etyopatogenezi tam bilinmemektedir. SARS-CoV-2"ye bagli 6len hastalarin otopsi raporlarinda viriisler bébrek
tubul hiicrelerinde saptandigindan direkt olarak viriise bagl hasar oldugu diisiiniilmektedir. Bununla birlikte rabdomyoliz, glomeru-
lonefrit, akut tubuler nekroz tiplerinde de akut bébrek hasari bildirilmistir. Giincel bilgiler i1siginda heniiz sadece Remdesevir’in teda-
vide etkili oldugu bilinmektedir. Bu derlemede COVID-19 hastalarinda akut bébrek hasari sikligi, tipleri ve nedenleri ve muhtemel
tedavi modaliteleri tartisilmstir.

Anahtar kelimeler: COVID-19; akut bobrek hasari; mortalite

INTRODUCTION ond-most commonly affected organ by COVID-19
has been reported to be the kidney (4). In this review,
we discuss the epidemiology and prognostic value of
development of acute kidney injury (AKI) in COVID-
19, with an emphasis on possible pathophysiology
and preventive methods that may guide clinical prac-
tice during this emerging crisis.

In December 2019, a series of pneumonia cases
caused by a novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) occurred in Wuhan,
Hubei Province, China. The disease, now officially
named coronavirus disease 2019 (COVID-19), rapid-
ly spread from Wuhan to other cities worldwide. As
of June 10" 2020, there are more than 7.500.000 Epidemiology of Acute Kidney Injury in COVID-19
confirmed COVID-19 cases and 423.000 deaths
worldwide (1), with an estimated mortality rate of
2.3% (2). COVID-19 primarily presents with fever,
dry cough, dyspnea and diarrhea, although the pre-
sentation can range from asymptomatic infection to
respiratory compromise with multi-organ failure and
high mortality (3). While respiratory failure is the
most dominant feature of severe disease, the sec-

Table 1. Clinical characteristic of studies

The prevalence of kidney injury among hospitalized
COVID-19 cases varies vastly in each series, with a
reported highest prevalence of 69% (5) (Table 1).
Importantly, a meta-analysis of 3062 COVID-19
patients found a 25.5% incidence of abnormal renal
function, defined as an increase in serum creatinine
(6).

Number Study Risk of mortality among Kidney injury
Country of patients population Percent of AKI patients with AKI assessment
Aggarwal et al. (5) us 16 Hospitalized 69.0% NA KDIGO
Cheng et al. (7) China 701 Hospitalized 5.1% AKI 33.7% in patients with KDIGO
elevated baseline serum
creatinine
Yang et al. (10) China 52 Critically ill 29% 80% of AKI KDIGO
Diao et al. (9) China 85 Hospitalized 27% NA A decline of eGFR

by at = 30% of the
baseline value on

Li et al. (4) China 54 Hospitalized 70.7% KDIGO eGFR<90 mL/min
on admission

Zhou et al. (13) China 191 Hospitalized 14.7% 96.4% KDIGO

Chen et al. (14) China 274 Hospitalized 11.0% 25.0% KDIGO

Pei et al. (8) China 333 Hospitalized 6.60% 86.4% KDIGO

Pei et al. (8) China 333 Hospitalized 10.5% 57.1% Expanded criteria

AKI: Acute kidney injury, KDIGO: Kidney Disease Improving Global Outcomes, NA: Not applicable.
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Currently, the true incidence of AKI in hospitalized
COVID-19 patients is not known. In a cohort of 701
in patients with COVID-19, the incidence of AKI was
5.1% (7). In another cohort of 467, it was 4.7% (8).
However, retrospective analysis of the early data from
Wuhan suggested that 27% of 85 hospitalized
COVID-19 cases developed AKI (9), in line with the
results of the meta-analysis (6).

Regardless, all reports consistently observed higher
incidence of AKI in critically ill patients. Very early
data showed 29% of 52 critically ill Chinese patients
developed AKI (10). In another study, 23% of patients
admitted to ICU developed AKI, while none did in
non-ICU care (11). More recently, a report from
Bellevue Hospital Center in New York revealed that
44 out of 105 patients with COVID-19 in the ICUs
had AKI, 40 of who required kidney replacement
therapy (12). Another recent retrospective study from
China reported kidney injury in 70% of severe and
critically ill patients (4).

The incidence of AKl is also strikingly high in non-sur-
vivors. Two retrospective studies from Wuhan report-
ed AKI in 50% (13) and 25% (14) of 54 and 113
non-survivors, respectively. While AKI developed at a
median of 15 days [13-0-19-5] after illness onset (13),
earlier signs of kidney dysfunction were evident much
earlier in the disease course. Remarkably, a high per-
centage of patients had signs of kidney dysfunction on
hospital admission, including 65% to 44% with pro-
teinuria, 44% to 27% with hematuria, 14% to 10%
with increased serum creatinine (7,8,15). Among 333
COVID-19 patients in China, 251 (75%) presented
with renal complications including proteinuria, hema-
turia and AKI. The study excluded patients with base-
line CKD or suspected CKD who had one abnormal
urine test in the 3 months before admission (8), strong-
ly suggesting that the renal abnormalities found were
related to COVID-19. Given that median duration
from illness onset to admission was 9 to 10 days (7,8),
it is reasonable to interpret that the renal impairment
starts even before hospital admission. However, most
reports so far have come from China and information
is still needed from other ethnicities and populations.
Additionally, the evolving therapeutic approach may
also potentially impact the epidemiology.

Features of AKI

Kidney injury due to COVID-19 presented as
increased serum creatinine levels, proteinuria, hema-

turia and AKI, with some of the patient requiring renal
replacement therapy (RRT) (8). Overall, AKI was
defined according to the KDIGO criteria (7,8,10,15-
17), while different definitions of kidney injury,
including decreased eGFR (4) and extended criteria
(8), were also used. AKI Stage 1 was seen in 18% and
stage 2 was seen in 32%, while 50% of the patients
reached stage 3 (8). High rates of proteinuria and
hematuria have been found in hospitalized COVID-
19 patients. In a cohort of 333 admitted COVID-19
patients, proteinuria and hematuria were demonstrat-
ed in 65.5% and 41.7% of the patients respectively
(8), and were associated with mortality in intensive
care unit (ICU) patients (18). Renal involvement was
also evident on CT imaging; the mean CT value and
CT texture analysis parameters were significantly
lower in COVID-19 patients than in healthy controls
who had no kidney disease (15).

Various renal pathologic changes were observed in
COVID-19 infected patients. The histopathologic
analysis of six autopsies of patients with COVID-19
with renal involvement showed viral particles in
proximal renal tubules and podocytes, with varying
degrees of acute tubular necrosis and lymphocytic
infiltration (9) (Figure 1). Regardless, it should be
noted that the key findings in the pathologic exam-
ination revealed prominent proximal acute tubule
injury manifesting as vacuolar degeneration, loss of
brush border, aggregates of red blood cells without
platelet or fibrin plugs and occasionally even frank
necrosis, which is consistent with acute tubular
necrosis (ATN) (19). Hence, the dominant form of AKI
in SARS-CoV-2 infection appears to be intrarenal AKI.
Of note, pigmented casts with high levels of creatine
kinase, findings consistent with rhabdomyolysis were
also found among COVID-19 non-survivors (19),
while several cases of collapsing glomerulopathy and
crescentic proliferative glomerulonephritis have also
been reported (20,21). Although renal involvement
was strongly associated with higher mortality, the
high rate of resolution of renal manifestations in sur-
vivors also supports that ATN may be the predomi-
nant renal insult (8).

Outcome of AKI in COVID-19 Patients

AKI has been consistently associated with increased
mortality rates in COVID-19 patients. In a study
including 193 COVID-19 patients, the mortality rates
of patients who developed AKI was 5.3 times higher
than those without AKI (15). A 701 inpatient cohort
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Figure 1. Healthy kidney tissue expression of viral entry receptors ACE2 and TMPRSS2 and histo-pathological

findings during COVID-19 infection.

ACE2 and TMPRSS are highly expressed in kidney tissue, especially in proximal tubules. This allows corona
viruses to attach to tubular cells and to infect renal tissue. Various histopathological findings were observed in
COVID-19 patient kidneys. Both direct involvement by the virus and immune system activation play a role for

the pathologic findings.

ACE 2: Angiotensin converting enzyme 2, TMPRSS2: Transmembrane Serine Protease 2.

study in Wuhan demonstrated that AKI over stage 2
was independently associated with in-hospital death
(7). The mortality risk was more than 4 times higher
among patients with stage 3 AKI (hazard ratio 9.81,
95% ClI: 5.46-17.65) (7). The dose-dependent rela-
tionship between AKI stages and death was also sup-
ported by other cohorts (8). In another report, 32 out
of 33 COVID-19 patients who developed AKI did not
survive (13).

Kidney dysfunction evident by proteinuria and hema-
turia without fulfilling AKI criteria may also predict
outcomes. The incidences of proteinuria and hematu-
ria in critically ill patients were almost two-fold high-
er than in moderately ill patients (81% versus 44% for
proteinuria, 69% versus 33% for hematuria) (8).
Among 333 COVID-19 patients, the mortality rate in
patients with renal involvement, including hematuria,
proteinuria and AKI, was more than 9-fold higher
than in those without renal involvement (11.2% ver-
sus 1.2%, respectively) (8). Comparably, the peak
BUN and creatinine levels of severe cases, including
the deceased cases, were significantly higher than
those of non-severe COVID-19 cases and non-
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COVID pneumonia (15). The median creatinine level
on admission in non-survivors was significantly high-
er than in survivors, despite remaining in the normal
range (87 versus 68 umol/L) (16).

Kidney injury is also commonly seen with cardiac
injury, possibly since both are predictors of severe
iliness. The reported incidence of AKI in patients with
cardiac injury was more than 26-fold higher than in
those without cardiac injury (8.5% vs. 0.3%) (17).

In line with the high incidence of AKI, RRT is the
second most common organ support needed in criti-
cally ill COVID-19 patients, only after ventilator
support. According to a report from China, 17% of
critically ill patients (9 out of 52) were treated with
RRT (10). In another report from New York, 38% of
COVID-19 patients in the ICU (40 out of 105)
required RRT (12).

According to the UK ICNARC report (1 May 2020),
23% of critically ill COVID-19 patients (1163 of
5139) required renal support. Of the patients who
had renal support, almost 75% died in critical care.
Of note, only 5.3% of the patients who required RRT
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had severe renal disease prior to admission, suggest-
ing that baseline chronic kidney disease (CKD)
played only a minor role in the need for RRT (ICNARC
COVID-19 report 2020-05-01.pdf at https://www.
icnarc.org/Our-Audit/Audits/Cmp/Reports; accessed
May 3, 2020).

Similar to the ICNARC report, survival rates of
patients who required RRT were dramatically low in
small reports as well. In one study, 8 out of 9 patients
who received RRT did not survive (7), while in anoth-
er, 10 out of 10 patients did not survive (13).

Based on the current evidence, both the development
of renal dysfunction and requirement of RRT are pre-
dictors of strikingly poor prognosis and can be used
to assess possible outcome in the clinical setting.
Nevertheless, according to one study, remission of
kidney injury is common among survivors: 68% of
patients with proteinuria (111 of 162) and 44% of
patients with hematuria (44 of 102) were reported as
negative after remission of COVID-19 (8). Furthermore,
18% of patients with AKI (4 of 22) had complete
recovery of kidney function at follow-up, with a
mean recovery time of 6 days (8). Critical illness was
a negative risk factor for recovery from AKI, while age
>60 years, ACEI/ARB treatment before admission and
AKI were negative risk factors for hematuria remis-
sion (8). Larger cohort studies are needed for better
understanding of renal prognosis in COVID-19 relat-
ed AKI.

Pathophysiology of AKI in COVID-19 Patients

SARS-CoV-2 uses angiotensin converting enzyme 2
(ACE2) as receptor for cellular entry. ACE2 is abun-
dant lungs. The viral spike (S) protein directly binds to
ACE2, while the endocytosis and membrane fusion
processes are allowed by cellular transmembrane
serine protease 2 (TMPRSS2) (22). Once inside the
cell, the synthesis of viral polyproteins for the repli-
case-transcriptase complex ensues. Following RNA
and structural protein synthesis, new viral particles
are assembled and released (22,23).

Recently, postmortem histopathological analysis of
26 COVID-19 patients revealed direct evidence of
invasion renal tissue by SARS-CoV-2. Electron micros-
copy revealed clusters of coronavirus particles in
renal tubular epithelium and podocytes, whereas
there was positive immune staining with anti-SARS-
CoV nucleoprotein antibody in tubules (19). In line
with the previous data, a preprinted report of kidney

immunohistochemistry from six deceased COVID-19
cases found that SARS-CoV-2 NP antigen accumulat-
ed in kidney tubules (9), while virus-like particles
were also visible by electron microscopy. Moreover,
infiltrates of CD68+ macrophages and complement
C5b-9 deposits were visualized in the tubulointersti-
tium (9).

Interestingly, ACE2 expression was increased in prox-
imal tubular cells, especially in areas of acute tubular
injury within COVID-19 infected kidneys (19).
Indeed, ACE2 is highly expressed in the kidney.
According to the Pub Med genome database, ACE2
RNA expression in the kidney is nearly 100-fold high-
er than in lung (7,24), while TMPRSS2 expression is
comparable with lung (25) (https://www.ncbi.nIm.
nih.gov/gene/7113) (https://www.ncbi.nlm.nih.gov/
gene/?term=59272#). Considering that the co expres-
sion of ACE2 and TMPRSS2 is essential for SARS-
CoV-2 entry, a recent single-cell RNA sequencing
analysis investigated the expression of ACE2 and
TMPRSS2 (Transmembrane Serine Protease) genes in
normal kidney samples. The analysis revealed high co
expression of ACE2 and TMPRSS2 genes in podocytes
and proximal tubule cells (26), which may explain
the distribution of viral particles in autopsy tissue.

These findings suggest that proximal tubular cells and
podocytes are host cells for SARS-CoV-2. Given that
podocyte injury manifests as proteinuria, it is plausi-
ble to link the high incidence of proteinuria in hospi-
talized COVID-19 patients to cytopathic effects of
SARS-CoV-2 on podocytes. Thus, available data sug-
gest that SARS-CoV-2 may directly infect renal tubu-
lar cells and podocytes and initiate macrophage
infiltration and complement deposition to amplify
tubular damage.

Secondly, the inflammatory process following lung
injury could damage the kidney. The release of large
amounts of cytokines and inflammatory mediators,
known as the cytokine release syndrome (CRS), could
damage renal tubular cells, which in turn would
amplify the inflammatory response and rapidly lead
to multi organ failure. CRS is a complication of sepsis
due to viral, bacterial and fungal infections (27) and
has been characterized in COVID-19 consistently
since the early reports of the disease (11, 28, 29). In
the setting of CRS, AKI may develop due to systemic
endothelial injury, increased vascular permeability,
intravascular volume depletion and intrarenal inflam-
mation (30). On the other hand, kidney injury could
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further aggravate the inflammatory milieu and con-
tribute to the high mortality risk seen in patients who
suffer AKI. To address the possible role of CRS in the
development of multi-organ failure in severe COVID-
19 patients, several therapeutic agents targeting
major inflammatory mediators are under investiga-
tion, as discussed below.

Thirdly, a minority of cases could suffer from glomer-
ulopathies following viral infection. The occurrence
of glomerulopathies, including focal segmental glo-
merulosclerosis (FSGS) and membranous glomeru-
lopathy, following viral infections (such as EBV, HIV,
hepatitis B and C, influenza) is a well-known phe-
nomenon. Indeed, there have been two reports of
collapsing glomerulopathy, a variant of FSGS, diag-
nosed with renal biopsy in COVID-19 positive
African American patients. Of note, one of the
patients presented with oliguria following the resolu-
tion of influenza-like symptoms, while the other
patient suffered from severe lung manifestation (21,
31). It is known that 13% of African American indi-
viduals possess homozygous APOLT risk alleles,
predisposing them to kidney disease. These reports
raise the suspicion of APOL1-related kidney disease
in African American patients triggered by COVID-19
(31), in a similar manner that HIV triggers HIV-
associated nephropathy in these patients (32).

Drug -or hyperventilation- induced rhabdomyolysis,
apparent from high levels of creatine kinase, may also
contribute to COVID-19-induced kidney damage. In
the postmortem renal tissue analysis of COVID-19
patients, pigment casts were observed in 3 out of 26
patients (19).

Treatments and Their Renal Implications

Up to recently, there was no pharmacologic agent
approved for COVID-19. Treatment strategies include
antivirals to block viral entry or inhibit viral replica-
tion inside cells, anti-inflammatory agents to attenu-
ate overactive inflammatory responses, anticoagu-
lants to prevent thromboembolic complications and
organ support in case of organ failure.

Drugs Targeting SARS-CoV-2

Remdesivir, a nucleotide analogue pro drug was
recently (May 1, 2020), authorized for emergency use
in COVID-19 by the US FDA (33). Remdesivir has a
potent in vitro antiviral activity against SARS-CoV-2
resulting from inhibition of RNA-dependent RNA
polymerase (22). Recent encouraging results have

[E] 412 Tuberk Toraks 2020;68(4):407-418

been observed in 61 COVID-19 patients treated with
at least one dose of remdesivir and multiple clinical
trials to evaluate the safety and efficacy of remdesivir
are underway or have been recently concluded (clin-
icaltrials.gov. NCT04365725, NCT04292899,
NCT04292730, NCT04323761, NCT04302766,
NCT04330690). Results from NCT04280705 and
NCT04292899 were the basis for the FDA decision.
While no dose adjustments are recommended at this
time, the formulation contains a cyclodextrin vehicle,
which raises the concern of potential accumulation
in renal impairment. Therefore, use should be avoid-
ed in patients with eGFR <30 mL/min (34).

Lopinavir/ritonavir, an oral combination agent for
HIV treatment, is another antiviral agent currently
being investigated for the treatment of COVID-19 and
has been widely used for COVID-19 as off-label treat-
ment (35), although a recent open-label randomized
clinical trial in 199 patients did not find benefit (36).
It does not need dosage adjustment for renal impair-
ment. Similarly, darunavir/cobicistat, another antivi-
ral investigated for COVID-19 treatment, does not
need dose adjustment (34).

Chloroquine and hydroxychloroquine are the most
commonly used drugs in the literature since the start
of the COVID-19 pandemic (35), although there is
insufficient data to support their efficacy. Via a poorly
understood mechanism, they appear to inhibit viral
fusion and glycosylation of viral proteins and their
activity against SARS-CoV-2 has been shown in vitro
(22). However, convincing evidence for their clinical
efficacy in the treatment of COVID-19 is lacking. A
small series from China reported positive outcomes in
patients treated with chloroquine (37), however, clin-
ical trial design and outcomes data are not published
in peer review journals, raising concern for the valid-
ity of the claims (22). Another open-label study of 36
COVID-19 patients claimed higher rates of virologic
clearance in nasopharyngeal swabs but the study was
limited by a small sample size and removal of 6
patients from the hydroxychloroquine group due to
critical illness or intolerance of medications (22, 38).
Later small studies observed no efficacy of hydroxy-
chloroquine in COVID-19 and potential toxicity in
critically ill patients (39,40). From a renal standpoint,
hydroxychloroquine/chloroquine does not have
known renal side effects and do not need dosage
adjustment for short time use in renal impairment.
Nevertheless, both drugs have rare, serious side
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effects including QTc prolongation and retinopathy
(22) and should be used with caution.

Since binding of the viral S protein to human ACE2
receptors are essential for viral entry into cells,
human recombinant soluble ACE2 (hrsACE2) can
potentially decrease viral infectivity by acting as a
decoy receptor. A recent study on engineered human
blood vessel and human kidney tissue have shown
that hrsACE2 significantly blocks SARS-CoV-2 infec-
tivity, suggesting potential therapeutic value for early
stages of the infection (41). Previously, a pilot phase
Il trial found thatGSK2586881, a recombinant human
ACE2 (rhACE2), was safe in patients with ARDS (42,
43), which may be a promising option for future tri-
als.

Drugs Targeting Inflammation

Given that the clinical presentation of COVID-19
ranges from asymptomatic to multi-organ failure;
therapies may be focused on preventing disease pro-
gression and systemic decompensation. Suppressing
the inflammatory storm induced by COVID-19 is a
potential way to prevent deterioration and develop-
ment of multi-organ failure. In this light, Interleukin-6
(IL-6), a major pro-inflammatory mediator in the
development of cardio-renal syndrome (CRS), has
been suggested as a therapeutic target for severely
and critically ill COVID-19 patients. Serum IL-6 lev-
els were significantly higher in critically ill COVID-
19 patients than in severe patients. In addition, 35
out of 47 COVID-19 patients had IL-6 levels above
the normal range (4). Preliminary data regarding the
use of tocilizumab, a humanized anti-IL-6 receptor
antibody that is successfully being used in other types
of cytokine storm (44) in severe COVID-19 suggest
that IL-6 blockade may reduce mortality and the
need for mechanical ventilation if administered early
(45-47), while no data on kidney outcomes are avail-
able yet. Currently, 21 ongoing clinical trials investi-
gate tocilizumab for the treatment of COVID-19

patients (clinicaltrials.gov NCT04332094
NCT04317092 NCT04332913 NCT04345445
NCT04361032 NCT04359667 NCT04335071
NCT04331795 NCT04346355 NCT04320615
NCT04372186 NCT04363736 NCT04363853
NCT04356937 NCT04306705 NCT04310228
NCT04370834 NCT04315480 NCT04333914

NCT04361552 NCT04331808). If effective, tocili-
zumab may decrease kidney damage due to severe

COVID-19.

Although corticosteroids have been tried in the ratio-
nale that they may attenuate lung inflammation and
decreased the incidence of acute respiratory distress
syndrome (ARDS), potential harms including
decreased viral clearance and increased secondary
infection risk may outweigh possible benefits (48).
While there is no adequate data on the impact of
corticosteroids in COVID-19 patients, current guide-
lines recommend against their use (49).

Management of Complications

Besides mentioned efforts in decreasing viral infectiv-
ity and controlling inflammatory response, current
management of COVID-19 focuses on managing
respiratory, cardiovascular and thrombotic complica-
tions in critically ill patients. Importantly, organ pro-
tective measures that may be taken before the overt
development of organ dysfunction may decrease the
high rates of organ dysfunction, namely renal dam-
age and its detrimental effect on outcome.

In this context, the widely used renin-angiotensin-al-
dosterone system (RAAS) blocking agents require
specific attention. ACE2, the cellular receptor used
by SARS-CoV-2, is an enzyme that converts angioten-
sin-1l into angiotensin 1-7, which has an opposing
role to angiotensin-ll and its inflammatory effects
(50). Angiotensin 1-7 have vasodilator and anti-in-
flammatory effects through interaction with the Mas
receptor (51). Previous studies showed that ACE2
knockout mice were more severely affected by
acid-induced, endotoxin-induced and sepsis-induced
ARDS compared with wild type mice. The increased
severity of ARDS was associated with increased vas-
cular permeability, lung edema and neutrophil infil-
tration. Likewise, administration of recombinant
ACE2 protein improved the symptoms of lung injury
in both ACE2 knockout and wild type mice, confirm-
ing the protective role of ACE2 in lung injury (51).
Similarly, ACE2 has renoprotective role in various
kidney diseases, including acute kidney injury (52,
53), possibly via the vasodilatory, anti-inflammatory
and blood pressure lowering effects of angiotensin
1-7.

RAAS blockade using ACE inhibitors, angiotensin
receptor blockers (ARBs) or mineralocorticoid recep-
tor blockers increased ACE2 expression and activity
in rats (54-56). Similarly, increased plasma angioten-
sin 1-7 level were observed in patients chronically
treated with ACE inhibitors (57), an effect that was
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not seen immediately after the initiation of ACE
inhibitors (55, 58). If RAAS blockade increases ACE2
receptor number and activity, the impact of ACEl/
ARBs on COVID-19 may be of importance. The activ-
ity of ACE2 hypothetically ameliorates inflammation
and vasoconstriction-induced hypoxia in the lungs;
on the other hand, it potentially increases viral entry
points. According to existing data, the population at
risk for severe COVID-19 includes patients with
chronic underlying diseases (such as hypertension
and diabetes) (13), who are usually on ACE/ARBs.
Thus, the effects of ACEI/ARB on the disease course
of COVID-19 are a critical question that waits to be
addressed with randomized clinical trials. However
some preliminary data already present regarding RAS
and COVID-19 Mancia et al. performed a popula-
tion-based case-control study in 6272 COVID-19
infected patients to explore RAS Blockers and the
Risk of COVID-19.The have shown that use of ARBs
or ACE inhibitors did not show any association with
COVID-19 among case patients overall (adjusted
odds ratio, 0.95 [95% confidence interval {Cl}, 0.86
to 1.05] for ARBs and 0.96 [95% Cl, 0.87 to 1.07] for
ACE inhibitors) or among patients who had a severe
or fatal course of the disease (adjusted odds ratio,
0.83 [95% Cl, 0.63 to 1.10] for ARBs and 0.91 [95%
Cl, 0.69 to 1.21] for ACE inhibitors), and no associa-
tion between these variables was found according to
sex. Authors concluded that there was no evidence
that ACE inhibitors or ARBs and the risk of COVID-19
(59). Reynolds et al. in an observational study, inves-
tigated the relationship between RAS inhibitors and
risk of COVID-19. Among 12,594 patients who were
tested for COVID-19, a total of 5894 (46.8%) were
positive; 1002 of these patients (17.0%) had severe
illness. A history of hypertension was present in 4357
patients (34.6%), among whom 2573 (59.1%) had a
positive test; 634 of these patients (24.6%) had severe
illness. There was no association between any single
medication class including RAS inhibitors and an
increased likelihood of a positive test. None of the
medications examined was associated with a increase
in the risk of severe illness among patients who tested
positive. Thus authors did not demonstrate any rela-
tionship between RAS inhibitor use, COVID-19 pos-
itivity and severity (60). These studies are observa-
tional studies. Fortunately, there are also numerous
ongoing clinical trials are investigating possible
therapeutic effect of ARBs for COVID-19 in patients
requiring and not requiring hospitalization (clinical-
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trials.gov NCT04335123, NCT04312009,
NCT04311177, NCT04343001, NCT04345406,
NCT04355429), while other trials are investigating
the outcomes of stopping or maintaining ACEI/ARBs
or switching to alternative medications in patients
with hypertension (clinicaltrials.gov NCT04364893,
NCT04330300, NCT04330300, NCT04329195,
NCT04338009). One prospective cohort will demon-
strate the prognosis of COVID-19 in patient using
ACEI/ARBs (clinicaltrials.gov NCT04357535). While
the effects of RAAS blockage on the clinical course of
COVID-19 are not yet known, discontinuation of
ACEI/ARB in susceptible patient population is known
to exacerbate co morbid cardiovascular and kidney
disease and lead to increased morbidity and mortali-
ty (55,61). Current guidelines recommend the contin-
uation of these agents during COVID-19 unless dis-
continuation is indicated for other reasons (hypoten-
sion, AKI) (62).

The major reason for death in COVID-19 is hypox-
emic respiratory failure. The role of hypoxemia in
renal outcomes in COVID-19 is not known. Under
normal conditions, kidneys receive 20% of the cardi-
ac output. Despite this high amount, they are suscep-
tible to ischemic insults. This is thought to depend on
uneven distribution of blood flow between medulla
and cortex. Indeed, the medulla has high energy
consumption due to the Na/K/2Cl pump but relative-
ly low blood supply under basal conditions, which
renders the medulla relatively hypoxic. On the other
hand, the cortex is well perfused. Nevertheless,
during ischemia, there may be re-distribution of
blood flow from cortex to medulla. This seems bene-
ficial at early stages but if the primary insult contin-
ues, these adaptations become mal-adaptive and
both cortex and medulla become hypoxic (63,64).
Indeed, the histopathologic examination of COVID-
19 non-survivors showed findings of ATN, implying
ischemic ATN due to hypoxia may be a significant
contributor to kidney function impairment.

COVID-19 causing kidney hypoxemia is a hypothet-
ical concern. Thus, ameliorating hypoxia may be of
value. Indeed, a recent case report showed that in an
elderly COVID-19 infected patient with hypoxemia,
anemia and tachycardia, a 7-day course of recombi-
nant human Erythropoietin (rhEPO) was associated to
improved symptoms and hemoglobin levels. The
authors hypothesized that rhEPO could attenuate
ARDS via multiple mechanisms including cytokine
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modulation, anti-apoptotic effects, leukocyte release
from bone marrow and iron redistribution (65).
However, as rhEPO favors thrombotic and COVID-19
may be associated with increased thrombosis risk,
we should wait for the results of controlled studies
before using rhEPO in COVID-19 patients.

Another novel class of drugs to treat anemia is hypox-
ia-inducible factor-1 (HIF-1) stabilizers. These drugs
hypothetically reverse hypoxia (66) but no studies are
performed till now. Another novel drug group name-
ly SGLT2 inhibitors may also be beneficial in COVID-
19 and ongoing randomized clinical trial will be
comparing dapagliflozin versus placebo in patients
with mild-moderate COVID-19 for its association
with disease progression, complications and all-
cause mortality (clinicaltrials.gov NCT04350593).

During the COVID-19 pandemic, exceedingly simple
but equally important for renoprotection is the pru-
dent use of non-steroidal anti-inflammatory drugs
(NSAIDs) in all patients due to their detrimental
effects on renal perfusion, especially when there is
decreased intravascular volume. To avoid unneces-
sary renal compromise, acetaminophen is the anti-
pyretic of choice for all patients and NSAIDs should
be used in the minimum effective dose only if need-
ed.

Future Perspective

As of today, worldwide lockdown measures and
social distancing rules coupled with the hard work
and devotion of health care professionals seem to be
decreasing the daily number of new COVID-19 cases
and deaths (67), which are still significantly high.
Unfortunately, there is a growing concern for a sec-
ond wave of infection among experts (68). While
much is unknown, the current experience and cur-
rent data should be used to develop future strategies.

According to the available data, the presence and
severity of AKl is a strong predictor of outcome and
may be used for patient stratification to better allo-
cate medical resources. More frequent measure-
ments of serum creatinine and urinalysis should be
routinely performed to detect kidney injury early in
the course.

During COVID-19 patient overload, medical centers
faced an impending shortage of kidney replacement
therapy, as reported from major hospitals in New
York, the epicenter of COVID-19 in the USA (12).

Besides the high incidence of AKI in COVID-19
patients, personnel trained in renal replacement ther-
apy were affected by COVID-19 and many were
quarantined, contributing to a shortage of renal
replacement therapy availability (12). Under those
circumstances, it may be crucial to allocate the lim-
ited resources and prepare for a shortage in the face
of upcoming peaks (69).

In addition to ongoing clinical trials and the search
for effective treatment, more prospective and retro-
spective data analysis is needed. Careful assessment
of populations at risk for developing COVID-19-
induced AKI is essential for setting up preventive
measures. Furthermore, the association of CKD and
COVID-19 severity should be assessed. The largest
COVID-19 case series, published by the Chinese
Center for Disease Control and Prevention included
44 672 confirmed cases and showed an overall mor-
tality rate of 2.3%, which was much higher for
patients with co-morbidities including cardiovascular
disease (10.5%), diabetes (7.3%), chronic respiratory
disease (6.3%), high blood pressure (6%) and cancer
(5.6%) (2). Whereas CKD was not listed among the
co morbidities, it is known to be a key risk factor for
AKI and, additionally, the mentioned co morbidities
are very common in patients with CKD. Data is need-
ed on the outcome of COVID-19 in CKD patients, as
well as the safety and benefits of common pharmaco-
logic agents used by these populations during
COVID-19 infection.
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