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ABSTRACT

Without doubt, there is some involvement of the kidney in novel coronavirus disease (COVID-19),
which is responsible for multiple organ dysfunctions resulting in severe complications in the human
body. This newly discovered COVID-19 has incited panic globally. However, the role of kidney
involvement in the novel COVID-19 disease is still unclear. In this commentary, we discuss the
various pathways involved in kidney damage by COVID-19, and the rationale for extracorporeal
support with various blood purification strategies in critically ill people with COVID 19.
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INTRODUCTION

Herein, we evaluate the implicit pathways to kidney
dysfunction and seek to discover the principle for ex-
tracorporeal support with various blood purification
procedures in patients who are sick with COVID-19.
On March 11, 2020, COVID-19 was declared as a
global pandemic by the World Health Organization
(WHO). According to the data last updated on 15 July
2020 by WHO, in Italy, of the patients positive for
COVID-19, 47% and 6% of those people were hos-
pitalized or had to be admitted to the Intensive Care
Unit (ICU), respectively ! Inthis commentary, we ex-
plore the pathogenesis and manipulation of COVID-
19, as well as its associated kidney injury (AKI). Var-
ious studies have concluded that the prevalence of
AKI in COVID-19 patients is low. For instance, in
China, among the 1,099 people positive for COVID-
19, 93% of the patients were hospitalized, 91.1% of pa-
tients received a diagnosis of pneumonia, 5.3% were
admitted to the ICU, 3.4% had acute respiratory dis-
tress syndrome (ARDS), and only 0.5% had AKI?. In
these patients, there are three implicit pathways of
direct kidney involvement such as systematic effect,
cytokine damage, and organ crosstalk. These three
phases are deeply interlinked and have major impli-
cations (Table 1).

CYTOKINE IMPAIRMENT

Cytokine release syndrome (CRS), also called a cy-
tokine storm, was observed in many other dis-
eases, such as hemophagocytic syndrome, sepsis, and
chimeric antigen receptor (CAR) T cell therapy?>.

CRS has been observed in COVID-19 since the first
documented report*®°.

Patients who suffer from CRS have cardiorenal syn-
drome type 1. In these patients, AKI signs include
intrarenal inflammation, cardiomyopathy, increased
The
major contributing cytokine is the pro-inflammatory
cytokine, IL-6. Patients with COVID-19 and ARDS

have an increased plasma concentration of IL-6%.

vascular permeability, and volume depletion.

Some other factors can also contribute to cytokine
generation, such as invasion mechanical ventilation,
continuous kidney replacement therapy (CKRT), and
extracorporeal membrane oxygenation (ECMO).
CRS in patients who have undergone CAR T-cell ther-
apy can be treated by anti-IL-6 monoclonal antibody
tocilizumab 3. It is also can be used in patients posi-
tive with COVID-19. For the patients suffering from
sepsis, cytokines can be removed by extracorporeal
therapies ®; cytokine removal has also been favorable
for those patients positive with COVID-197. Another
benefit of cytokine removal is that it could prevent
CRS-induced organ damage.

Neutro-macroporous sorbents could be used for cy-
tokine removal. Hemoperfusion is required for more
than 2 hours on 3 consecutive days. Different mech-
anisms are involved in the cytokine removal such
as the use of neutron-macroporous sorbents for di-
rect hemoperfusion. Plasma separation occurs from
whole blood (plasma absorption on resin); CKRT en-
tails a hollow fiber filter and high cut of (HCO) mem-
branes with a medium cut of (MCO) membrane.

For the prevention of premature clotting, citrate or
heparin should be used with blood flow >120ml/min.
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Table 1: Potential means of kidney impairment and therapy approaches in COVID-19

Pathways

Organ crosstalk

Inflammation of myocardium

Alveolar impairment

Intra-abdominal hypertension

Rhabdomyolysis

Systemic possessions
Positive fluid balance

Damage in the endothelium, fluid loss
and hypotension

Means of kidney im-

pairment

Cardiorenal syndrome
type 1

Hypoxia in  renal
medulla

Syndrome in renal com-
partment

Toxicity in renal tubules

Renal disorder

Hyperperfusion in kid-
ney

Recommended therapy approach

Left ventricular assist device, arteriovenous, ex-

tracorporeal membrane oxygenation

Venous extracorporeal membrane oxygenation

Membrane oxygenation, extracorporeal CO, re-
moval, CKRT

CKRT using a high
cut-off or medium cut-of membrane

Continuous ultrafiltration and diuretics

Fluid expansion

CKRT using a high

Rhabdomyolysis Tubular toxicity

Endotoxins Septic acute kidney in-
jury

Cytokine damage

Cytokines released disorder

Elevated cytokine generation owing to
extracorporeal membrane oxygenation
(ECMO), invasive mechanical ventila-
tion and/or continuous kidney replace-
ment therapy

Hemophagocytic disorder

Cytokine direct abrasion

cut-off or MCO membrane

Endotoxin exclusion

Cytokine exclusion through different strate-
gies: direct hemoperfusion through a neutro-
macroporous sorbent;

Plasma adsorption on resin after splitting from
whole blood; CKRT with hollow fiber filters
with adsorptive features; high-dose continu-
ous kidney replacement treatment (CKRT) with
medium cut-off (MCO) or high cut-off (HCO)
membranes

Cytokines absorption can also be done with CKRT
filter which has specific membranes with poly-
methylmethacrylate, sodium methallyl sulfonate plus
polyethyleneimine, or acrylonitrile which are used to
absorb cytokines. These filters can be renewed every

24 hours to maximize their absorptive sites.

ORGAN CROSSTALK

According to the recent studies related to ARDS, there
is a close relationship between kidney tubular-lung
axis and alveolar damage®. A re-examined study
conducted in 2019 showed that among 357 patients
who did not have AKI before ARDS appearance and
chronic kidney disease, 83% of them suffered from

pneumonia, and 68% from AKI 8
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In Stage-3, half of the patients were ill with kidney
injury and acquired AKI. Factors which were inde-
pendently related to AKI development were the sever-
ity of illness, positive fluid balance, older age, and
diabetes mellitus. Increased severity of AKI was di-
rectly related to the quetelet index, history of conges-
tive cardiac failure, diabetes mellitus, elevated peak
inspiratory pressure, and consecutive organ dysfunc-
tion. Imposition prone positioning and auto positive
end-expiratory pressure were not associated with kid-
ney damage, nor did they induce nephrotoxic effects
associated with AKI®.

Cytokine overproduction plays a crucial role in
kidney-lung bidirectional damage. An upregulation
of IL-6 in serum conduction due to the injured re-
nal tubular epithelium has been observed. As a re-
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sult, there is pulmonary hemorrhaging and higher
alveolar-capillary permeability®.

The primary involvement of proinflammatory medi-
ators (e.g. IL-6) in injury to lung epithelium and en-
dothelial cells still needs to be further investigated.
Medullary hypoxia is another injury to tubular cells
due to ARDS’. A retroactive study consisting of 201
patients positive with COVID-19 showed that 4.5% of
patients developed AKI and 41.8% developed ARDS*.
Diabetes, hypertension, and older age are also factors
which are related to ARDS development. However,
IL-6 is related to the risk factors of patients who de-
velop ARDS since it does not have any role in the de-
velopment of ARDS.

Another study conducted in China consisted of 41
pa‘[ients5 with COVID-19; of those, 27% developed
ARDS, and 7% developed AKI. Of the patients, 39%
had been admitted to the ICU, and they did not have
the same IL-6 concentration in plasma. Patients who
were admitted to the ICU had a higher plasma con-
centration of IL-10. The higher concentration of IL-
10 can be a predisposing factor for immunosuppres-
sion. Specifically, there is much difference in the oc-
currence of AKI (4.5%) in the patients positive with
ARDS secondary to COVID-19. Differentiation to
ARDS because of pneumonia was different in 68%
of cases®. However, this distinction should be clari-
fied in more detail. Heart-kidney crosstalk is assumed
to play a crucial role in AKI patients positive with
COVID-19. For instance, acute viral myocarditis and
CRS cardiomyopathy both have a combined effect on
renal hypoperfusion, renal vein congestion and hy-
potension, which ultimately leads to the reduction of
glomerular filtration rate. It is recommended to fasten
the CKRT circuit directly to the ECMO circuit. Be-
cause ECMO helps to support both lungs and heart,
that is why it tends to be utilized in colligation with
CKRT.

SYSTEMIC EFFECT

As fluid expansion relieves the patients from shock
by making a positive fluid balance, such expansions
can have harmful effects in ARDS by increasing the
alveolar-capillary leakage and aggravating renal vein
congestion in AKI. Thus, this leads to development
of renal compartment syndrome. We contemplated
that the same type of clinical physiology occurs in
the patients declared with COVID-19. Unfortunately,
we did not find any recent publications related to this
fluid balance status. Therefore, we recommend the us-
age of CKRT in these patients preferably with MCO
or HCO membrane. The MCO membrane has more
uniformity and pore density, as compared to the HCO

membrane, since it allows selective and effective per-
meability of myoglobin (17 kDa), IL-10 (18 kDa), and
IL-6 (21 kDa).
Importantly, some essential characteristics like
protein-binding three-dimensional configuration,
electric charge, and hydrophilicity minimize the albu-
min loss and help to clarify the solute. If a patient has
along ICU stay and obtains an overlying infection, it
can give rise to endotoxins when lipopolysaccharides
explicit in the membrane of Gram-negative bacteria
are metabolized by enzymes in the blood, leading to
septic shock 1°.

A Chinese study with 1,100 patients reported in early
data of COVID-19, that 64% (704 of 1,100) of patients
received septic shock?. We concluded that patients
receiving AKR show a combined effect with other
pathways of kidney damage. Patients positive with
gram-negative bacterial infections and endotoxin ac-
tivity assay show 0.6-0.9 % usage of the cartridge-
containing polystyrene fibers with polymyxin-B for
hemoperfusion; these play an important role in ab-
sorbing endotoxin !,

Its surface has specific sites which are used to bind en-
dotoxin and lessen its plasma concentration. Hemop-
erfusion treatment is required for 2 hours for 2 suc-
ceeding days. For cytokine absorption, the use of anti-
coagulants can also be applied to endotoxin absorp-
tion. From our analysis, we suggest that a blood flow
of about 100-120 ml/min should be used.

On the other hand, CKRT filters can also have an ab-
sorptive capacity for endotoxins. CKRT filters should
be replaced daily. This daily replacement of CKRT
filters is recommended without the consideration of
their composition. The ICU stay with the multi-organ
support is referred to as consecutive extracorporeal
treatment.

PREVENTION OF KIDNEY DAMAGE

Currently, there is no specific treatment against SARS-
CoV-2but further research has revealed several agents
that may have potential efficacy against COVID-19.
Various broad-spectrum antiviral drugs that were al-
ready approved for the treatment of other antiviral
drugs are now being tested against COVID-19. These
drugs may prove useful to control the kidney damage
caused by COVID-19.

At the same time, anti-inflammatory drugs are used
to treat this pandemic. Antiviral therapy could
be applied at the early stage of this disease when
anti-inflammatory therapy, like corticosteroids, could
be harmful by inducing multiplication of the virus.
Hence, the use of anti-inﬂammatory agents is most
suitable when the diseases are advanced and driven
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by the hyperinflammation. However, antiviral ther-
apy showed no results 2.

FUTURISTIC PERSPECTIVES

Due to the current unavailability of a proper vac-
cine or recommended drug for COVID-19, the phys-
iopathological pathways mentioned above can help to
recover the critically ill. For patients with COVID-19
who are admitted to constrained treatment facilities,
for particular illness like the capillary leak syndrome
and vasopressor shock-like syndrome, it is noted that
the level of IL-6, cytokines, and other cell cycle ar-
rest biomarkers of AKI with high predictive values can
lead to targeted and systemized standards for manage-
ment of therapy.

ABBREVIATIONS

AKI: Acute kidney injury

ARDS: Acute respiratory distress syndrome
CAR: Chimeric antigen receptor

CKRT: Continuous kidney replacement therapy
CRS: Cytokines release syndrome

ECMO: Extracorporeal membrane oxygenation
HCO: High cut of

MCO: Medium cut of
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