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Incidence

Patients with suspected or confirmed COVID-19 may
present with acute kidney injury (AKI) as part of their
overall iliness.

In a meta-analysis of approximately13,000 mostly
hospitalized patients, the incidence of AKI was 17 %,
although the range of AKIl incidence in the included
studies was broad (range 0.5 to 80 percent).
Approximately 5 percent of patients required kidney
replacement therapy(KRT)



Recommendations:

1. Timing of AKI with symptom onset, hospitalization,
confirmation of infection, disease severity and level of
care should be characterized for appropriate clinical
management (not graded).

2. We recommend use of the Kidney Disease: Improving
Global Outcomes (KDIGO) consensus definition for

AKI, including serum creatinine (SCr) level and urine
output, in clinical practice (evidence level: 1A).

3. We suggest using kidney- specific tests along with
measures of kidney function to characterize clinical
presentations, course and outcomes of AKI (evidence
level: 2B).
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Defining Acute Kidney Injury

Criteria: Patients must have one of the following
e I[ncrease in SCr = 0.3 mg/dL within 48 h

e |[hcrease iNn SCr > 1.5 x baseline that is known or
presumed to have occurred within the past 7 d

e Urine volume < 0.5 mL/kg/h for 6 h

Severity

Stage 1 1.5-1.9 x baseline SCr or
> 0.3-mg/dL increase in baseline SCr

Stage 2 2.0-2.9 x baseline SCr

Stage 3 3.0 x baseline SCr or increase in SCr to
> 4.0 or renal replacement therapy (eg, dialysis)

Abbreviation: SCr, serum creatinine.
Source: KDIGO. Kidney Int. 2012."




Estimation of GFR

Cockcroft- Gault Formula

( 140 — age ) x Weight in Kg
CrCl (mV/min)= x ( 0.85 if female )
72 x Serum Creat (mg/dl)

MDRD Study Equation

GFR (mil/min/1.73 m?) = 186 x (S,) "' x (age) =™
X (0.724 if female) x (1.210 if African American)







Acute kidney injury
|
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Prerenal Intrinsic Postrenal
l + l ! l

Hypovolemia Glomerular Tubules and Vascular | Bladder outlet obstruction
Decreased cardiac output * Acute interstitium + Vasculitis
Decreased effective circulating glomerulo- * Malignant Bilateral pelvoureteral
volume nephritis hypertension | | obstruction (or unilateral

* Congestive heart failure « TTP-HUS obstruction of a solitary

« Liver failure | | | | functioning kidney)
Impaired renal autoregulation {, + +

* NSAIDs . :

. Sepsis/ Nephrotoxins
ACEJ/ARE Ischemia Infection Exogenous: lodinated
* Cyclosporine : :
contrast, aminoglycosides,

cisplatin, amphotericin B
Endogenous: Hemaolysis,
rhabdomyolysis,
myeloma, intratubular
crystals




a Asymptomatic Symptomatic or respiratory Multi-organ involvement

Viral phase

b Mechanism for AKI

Direct viral effects Indirect effects

* Fluid management Organ » Fever or sepsis
* Mechanical crosstalk * Diarrhoea
ventilation l

* Nephrotoxins

* Hypovolaemia
* Acute tubular
injury

|

* Collapsing glomerulopathy
* Endothelial damage

* Coagulopathy

* Complement activation

e Inflammation

Pathogenesis of COVID-19 AKI




Endothelial damage
Podocyte localisation

Proximal le | I ion
o) al tubule localisatio Honovo laaraia

Mitochondrial dysfunction
Acute tubular nV

Cytokine storm
TNFx |

L-6
‘
-8

Endothelial
dysfunction

SARS-CoV-2 infection

Pneumonia

!

Mechanical
ventilation
ECMO

Hyper-
volaemia
A

—Pp No symptoms

——p Mild symptoms «--

Hypercoagulability

Endothelial damage
Microthrombi
Rhabdomyolysis

Microembolism
Kidney infarction
—

Myocardial
dysfu nction |

Arterial
vnderfilling

Venous
congestion

-

Pathogenesis of COVID-19 AKI




High risk AKIl stage 1 AKIl stage 2 AKIl stage 3

Standard of care to prevent and manage multiorgan failure

Individualize fluid management, avoid saline unless specific indication

Consider dynamic haemodynamic monitoring

Monitor serum creatinine and urine output

Correct hypoglycaemia

Consider alternatives to radiocontrast if possible without delaying urgent imaging

Avoid nephrotoxic agents when possible

Consider AKl risk in selecting ventilator strategies

Diagnostic workup

Consider altered pharmacokinetics
Consider renal replacement therapy

Avoid subclavian access

Direct viral effect: Indirect effects: Clinical management effects:
Coronavirus * Hypervolaemia * Superinfection * Nephrotoxins
kidney infection * Injury to the lungs * Rhabdomyolysis * Hypervolaemia

* Systemic inflammation ¢ Formation of thrombi * Lung—kidney crosstalk

N
- §
O~
—
=)
>
O
O
(T
o
-
c
()]
£
o
(0)]
O
c
O
S
©
o
(72
O
.(l!
o
(0)]
O
e
(70




Disease

Target for  Treatment

EBP treatment

pathogenesis

Moderate or severe d

« COVID-19 pneumonia
* Hypercoagulability or
hyperviscosity

SARS-CoV-2

X . b -

e
» Endotheliitis
* Activation of OO0 g ®
endothelial cells =

-
o5
®

Prevention or mitigation
of organ damage

* Circulating mediators
(cytokines, DAMPs)
* SARS-CoV-2 virus?

* HP for cytokine removal
 TPE
* HP for virus removal?

Neutrophil Macrophage !

PR
v

Multiple organ failure

= ARDS

* Myocardial infarction or
myocarditis

» AKI

» Sepsis or septic shock due
to super-imposed infection

* Hypercoagulability or
hyperviscosity

PAMPs
(e.g. endotoxin)

 Uraemic toxin
* Myoglobin

Prevention of progression
of organ failure

» Circulating mediators
(cytokines, DAMPs, PAMPs)

* Myoglobin

* Fluid overload

* Uraemic solute retention

* HP for cytokine or
endotoxin removal

= RRT with adsorptive and
MCO or HCO membranes

e TPE

Potential extracorporeal blood purification treatment

options based on underlying COVID-19

pathophysiology




Ischemic ATN

» Prerenal AKlI and ischemic ATN are part of a spectrum of
manifestations of renal hypoperfusion:

Prerenal AKI » Ischemic ATN

» ATN differs from prerenal AKI in that the renal tubular
epithelial cells are injured in the latter.

» Recovery typically takes 1-2 weeks after normalization of
renal perfusion, as It requires repair and regeneration of renal
cells.



Nephrotoxic ATN

» Drugs: Antibiotics-NSAIDs-Antiviral agents...

» Rhubdomyolysis

» Contrast agents



Demographic risk factors

*Older age

*Diabetes mellitus

*Hypertension

«Cardiovascular disease or congestive heart failure

*High body mass index

*Chronic kidney disease

*Genetic risk factors (e.g. APOL 1 genotype; ACEZ polymorphisms)
*Ilmmunosuppressed state

*Smoking history

Risk factors for AKI at admission

«Severity of COVID-19

*Degree of viraemia

*Respiratory status

*Non-respiratory organ involvement, e.g. diarrhoea

*Leukocytosis

Lymphopaenia

*Elevated markers of inflammation, e.g. ferritin, C-reactive protein, D-dimers
*Hypovolaemia/Dehydration

*Rhabdomyolysis

*Medication exposure, e.g. angiotensin-converting-enzyme (ACE) inhibitors and/or angiotensin-
receptor blockers (ARBS), statins, nonsteroidal anti-inflammatory drugs (NSAIDs)

Risk factors for AKI during hospitalization

*Nephrotoxins (medications, contrast exposure)
*Vasopressors

*Ventilation, high positive end-expiratory pressure
*Fluid dynamics (fluid overload or hypovolaemia)

Potential Risk Factors for COVID-19 A



Acute tubular injury

e Regional inflammation

e Direct viral infection

e Renal compartment syndrome

* Tissue hypoxia hypoperfusion leading to hypoxaemia,

hypotension, hypovolaemia and heart failure

* Nephrotoxic- induced injury (potentially
associated with the use of antibiotics (vancomycin,
aminoglycosides, colistin) or antivirals (remdesivir,
ritonavir))

e Rhabdomyolysis

Vascular injury

e Endotheliitis

e Microthrombi

e Thrombotic microangiopathy

glomerular injury

e Collapsing glomerulopathy (potentially caused by
interferon- associated podocyte injury)

e Glomerulonephritis

Interstitial injury

e Acute interstitial nephritis; infiltration by immune cells
* Interstitial oedema

Factors that may contribute to CoVID-

injury

ted acute kidney i

-assocClida

19



Key points
e Over a quarter of patients hospitalized with coronavirus disease 2019 (COVID-19)
have been reported to develop acute kidney injury (AKI).

* Low molecular weight proteinuria, Fanconi syndrome and histological findings
point towards tubular injury.

o Analyses of kidney biopsy samples from patients with COVID-19 and AKI have
inconsistently reported viral infection of kidney cells.

e Collapsing glomerulopathy has been identified in patients with high- risk APOL1
genotypes, mostly in those without severe respiratory symptoms.

e Regional inflammation, endothelial injury and renal microthrombi have been
reported but their implication in the pathogenesis of COVID- associated AKI remains
uncertain.

e Anti- inflammatory drugs (for example, steroids and IL-6 receptor blockers) seem to
limit the development of severe AKI in patients with COVID-19.
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Potential management
strategies for COVID-19 AKI
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Potential management sirategies for
COVID-19 AKI

> Standard measures



Therapy

Standard measures
based on
AKIl risk and stage

Measurement of kidney
function

Haoemodynamic
optimization

Fluid management

Glucose management

Nephrotoxin
management

Use of contrast media

Prevention and management depend on the risk
and stage of AKI

Serum Cr and urine output are the current gold
standards for the evaluation of kidney function,
although neither is kidney specific or sensitive for
detection of early kidney injury

Hypovolaemia, hypotension, and vasoplegia may
occur in patients with COVID-19. Fluid & vasopressor
resuscitation using dynamic assessment of
cardiovascular status may reduce the risk of renal
injury and respiratory failure

The composition of crystalloids for volume expansion
is important. Individual frials in non- COVID patients
have shown reduced risk of AKI with use of balanced
fluids fori nitial volume expansion, especially in sepsis

Insulin resistance and a hypercatabolic state are
common in COVID-19 and contribute to
hyperglycaemia

The risks and benefits of nephrotoxic medications
& their alternatives need to be closely & frequently
assessed. This includes assessment of NSAID use

Sodium bicarbonate and N- acetylcysteine have not
been shown to prevent contrast- media- associated
AKI

Strategies based on KDIGO and other relevant
guidelines are appropriate for risk- and stage-
based prevention and management of COVID-
19 AKI

We recommend monitoring kidney function
using a minimum serum Cr and urine output with
careful consideration of the limitations of both

We recommend individualized fluid and
haemodynamic management based on
dynamic assessment of cardiovascular status

We recommend using balanced crystalloids as
initial management for expansion of IV volume
in pts at risk of or with COVID-19 AKl unless an
indication for other fluids exists

We suggest monitoring for hyperglycaemia and
use of intensive glucose- lowering strategies in
high- risk patients

We recommend limiting nephrotoxic drug
exposure where possible and with careful
monitoring when nephrotoxins are required

We recommend optimization of infravascular
volume status as the only specific intervention to
prevent contrast- media- associated AKI



Potential management sirategies for
COVID-19 AKI

> Experimental strategies



Therapy

Antivirals

Immunomodulatory
agents(e.g.HCQ,corticost
eroids,tocilizumab,imatinibo
,Ciclosporin,IVIG)

Systemic anficoagulafion

Statins

ACE- | and/or ARBs

NSAIDs
Recombinant ACE2

Serine inhibitors

Some evidence suggests that direct viral infiltration
of tubular cells and podocytes has an impact on
tubule function and glomerular filtration

Immunomodulatory agents have the potential to
attenuate cytokine production or block cytokine-
receptor activation & inhibit autophagy & lysosomal
activity to modulate inflammation in host cells

Thrombi in the renal microcirculation may contribute
to the development of AKI

Statins inhibit the production of pro- inflammatory
Cytokines & the activation & proliferation of T cells,
potentially leading to Immunomodulation

ACE- | and ARBs increase ACE2 levels and may
rescue cellular ACE2 activity

Anti- inflammatory properties

Potential fo neutralize the SARS- CoV-2 and rescue
cellular ACE2 activity

Blockage of transmembrane protease serine 2
activity and prevention of viral infiltration

Evidence that antivirals may reduce the risk
of COVID-19 AKl is indirect and limited

Existing data on immunomodulation in COVID-
19 do not show an impact on the development
or progression of AKI

No data are available to show that
anticoagulation strategies reduce the risk of AKI
or mitigate AKI progression. Systemic
anticoagulation may be needed to maintain
filter patency during RRT

No data are available to show that stafins
reduce the risk of AKI or mitigate progression

The impact of RAAS inhibitors on the
development or prevention of COVID-19 AKl is
uncertain

Effect unknown

Under investigation

Under investigation



endal
eplacement
herapy

Hemodialysis

Intermittent hemodialysis
Continuous renal replacement Therapy(CRRT)

Peritoneal Dialysis
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A E | O U - Acute Indications for Dialysis

A Acidosis
(pH < 7.1)

E Electrolytes

Refractory Hyperkalemia

| Intoxication / Ingestions
Toxic Alcohols, Salicylates, Lithium, etc

O Overload
Congestive Heart Failure
U Uremia

Uremic Pericarditis, Uremic Encephalopathy |
[® @grepmed



= Substantially increased local RR1 * Increase in regional, national or
demand Increase Reduced worldwide RRT demand
* Increased disposable consumption ———— in RRT RRT «—— * Interruption of disposable manufacture

due to illness-specific effects demand capacity and insecure supply chains
» Lack of experienced staff to meet

* Increased disposable consumption k J
due to effects of surge response

Stage
e
—
2
o
—
=)
(=
8
—

e

Response

'

(

Policies, training
and resources to
deal with RRT surge

Maintain availability
of RRT to all requiring it

—_—

Potential crisis in RRT provision

'

Local responses

|

* Develop local RRT surge plan
* Maintain inventory of RRT devices

~ » Widen staff RRT cross-training

= Systems for co-ordination of RRT
emergency response

» Review availability of RRT capacity

* Optimize non-dialytic AKI
management

» Reinforce RRT guidelines

» Review preferred RRT presciption

» Consider alternative RRT modes

l

increased workload

1

Regional or national responses

* Consider RRT stockpiles
* Secure supply chains

e Encourage local planning
® Industry response plan

* Centralized resource-
allocation systems

* Publicize clinical guidelines

* Develop networks for
inter-centre patient transfer

* Enable knowledge sharing

|

Fig. 3: Step-wise plan to prepare for a surge

in RRT demand during a pandemic or

disaster.
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