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Acute kidney injury (AKI) is a serious complication in critically ill patients with COVID-19 with a reported inci-
dence ranging from<5% to >25%. Proposed aetiologies include hypovolemia, hemodynamic disturbance and in-
flammation but also specific factors like direct viral invasion,microvascular thrombosis, and altered regulation of
the renin-angiotensin-aldosterone system. To date, there are no confirmed specific therapies, and prevention and
management of AKI should follow established guidelines. Novel therapies specifically targeting COVID-19 related
pathologies are under investigation. The incidence of renal replacement therapy (RRT) is variable, ranging from
0-37%. In a pandemic, RRT practice is likely to be determined by the number of patients, availability of machines,
consumables and staff, clinical expertise, and acceptable alternatives. Close collaboration between critical care
and renal services is essential.
In this article, we describe the epidemiology and pathophysiology of COVID-19 associated AKI, outline current
management and suggest strategies to provide RRT during a pandemic when resources may be scarce.

© 2020 Published by Elsevier Inc.
1. AKI epidemiology

Despite initial reports, acute kidney injury (AKI) has emerged as a
serious complication in critically ill patients with COVID-19. The
prevalence appears to vary with incidence rates of <5% in some ini-
tial publications from China and figures exceeding 25% in subsequent
publications [1-4]. This variation may be explained by differences in
pre-existing comorbidities and clinical practice (i.e. fluid manage-
ment, use of nephrotoxic drugs) but socioeconomic and genetic rea-
sonsmay also play a role. For instance, the SARS-CoV-2 virus uses the
angiotensin-converting enzyme 2 (ACE2) receptor to enter tubular
cells. Pan et al showed that the expression of the ACE2 receptor
in renal podocytes and proximal tubule cells was more pronounced
in Occidental subjects than in Asians, suggesting that the risk
of COVID-19 associated AKI may vary between different ethnic
groups [5].
al, Department of Critical Care,

stermann).
2. Aetiology and pathophysiology

The aetiology of COVID-19 associated AKI is multifactorial and in-
cludes general risk factors like haemodynamic disturbance, inflamma-
tion and cytokine release, endothelial dysfunction, alteration of the
microcirculation, nephrotoxic exposure, and the impact of invasive me-
chanical ventilation, similar to AKI in non-COVID-19 settings [6-8].
However, there is emerging evidence that additional factors specific to
SARS-CoV-2 virus infection play an important role, too.

1. Viral infiltration: In the kidney, ACE2 is present in podocytes,
mesangial cells, parietal epithelium of the Bowman’s capsule, proxi-
mal cells and the collecting duct [9]. It has been reported that SARS-
CoV-2 can directly infect podocytes and tubular epithelial cells [9,10].
After binding to the ACE2 receptor, the spike (S) protein of SARS-
CoV-2 is activated and cleaved by cellular transmembrane serine
proteases. This process allows the fusion of the viral envelope with
cellularmembranes and entry of the virus into host cells. After enter-
ing the cytosol, the SARS-CoV-2 RNAbegins the translation of its rep-
licase exploiting the endogenous transcriptional processes of the
infected cell to generate new virions [9]. The virus appears to exert
direct cytopathic effects, too [9]. In addition, the tropism of SARS-
CoV-2 to podocytes which form an important component of the
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Table 1
COVID-19 associated AKI and potential management strategies.

Conditions
contributing to
AKI

Pathophysiology Recommended
management and
potential strategies

Hypovolemia • impairment of renal
perfusion

• fluid resuscitation

Haemodynamic
disturbance

• disturbance of renal per-
fusion and
microcirculation

• restoration of haemodynamics

Viral infection • direct cytotoxicity
• interstitial infiltration
• alteration of glomerular
filtration barrier

• role of antivirals unknown
• role of ACE2 receptor blockers
unknown

• role of recombinant ACE2 to
neutralize SARS-CoV-2 and to
rescue cellular ACE2 activity
under investigation

• role of serine inhibitors (ie.
camostat mesylate) to block
transmembrane protease ser-
ine 2 activity unknown

• role of exogenous angiotensin
II to decrease ACE2 expression
unknown

Inflammation and
cytokine release

• haemodynamic instabil-
ity

• direct tubulotoxic effects
• interstitial inflammation

• role of anti-inflammatory
drugs unknown

• role of extracorporeal cyto-
kine removal unknown

Activation of
pro-thrombotic
processes

• formation of
microthrombi and alter-
ation of microcirculation

• role of anticoagulation
unknown

Rhabdomyolysis • tubular toxicity • fluid

Fluid overload • renal congestion • fluid removal (diuretics, RRT)

Altered RAAS
regulation

• alteration of glomerular
perfusion pressure and
glomerular filtration

• role of exogenous angiotensin
II therapy unknown

Invasive
mechanical
ventilation

• impact on cardiac
output, renal perfusion
and renal congestion

• optimisation of cardiac filling
pressures

Cardiogenic shock • cardiorenal syndrome • optimisation of cardiac output

Abbreviations: ACE = angiotensin converting enzyme; ECMO = extracorporeal mem-
brane oxygenation; RAAS = renin – angiotensin – aldosterone system; RRT = renal
replacement therapy
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glomerular filtration barrier, may explain the common finding of
proteinuria in patients with COVID-19. Finally, the deposition of
immune complexes of viral antigen or virus-induced specific immu-
nological effector mechanisms (specific T-cell lymphocytes or anti-
bodies) can induce inflammatory processes and cause additional
kidney damage.

2. Altered Renin-Angiotensin-Aldosterone (RAAS) regulation: The
role of ACE2 is to metabolize Angiotensin-II (Ang-II) to the
vasodilatory and anti-inflammatory peptide angiotensin-(1–7).
Imbalance of the components of the RAAS can change renal hemody-
namics, alter tubular handling of electrolytes and induce pro-
inflammatory changes. In the early stage of COVID-19, viral entry
leads to ACE2 consumption followed by increased local Ang-II con-
centrations [12]. The effects of Ang-II include vasoconstriction, endo-
thelial activation, and pro-inflammatory cytokine release [12]. Ang-II
also has potent chemotactic effects thatmay accelerate both lympho-
cyte recruitment and at a later stage, pulmonary endothelial activa-
tion can lead to ACE-1 shedding where endothelial surface-bound
ACE-1 is released into the interstitium [13]. This produces a decrease
of Ang-II to sub-physiologic levels. Low Ang-II concentrations in this
phase can lead to vasodilation, worsened capillary leak, alteration of
glomerular autoregulation and reduction of glomerular filtration.

3. Microthrombi: COVID-19 is a pro-thrombotic state where innate
immunity and coagulation pathways are closely linked [14,15]. Acti-
vation ofmacrophages and release of cytokines, pathogen-associated
molecular patterns and damage-associated molecular proteins can
result in release of tissue factor and activation of coagulation factors.
Post-mortem histology of kidneys has confirmed thrombi and eryth-
rocyte aggregates obstructing peritubular capillaries and impacting
intrarenal microcirculation [11].

4. Rhabdomyolysis: Rhabdomyolysis is also a feature of COVID-19.
Some reports of renal histology demonstrated pigmented tubular
casts containing high levels of creatine phosphokinase [11].

3. Renal histology

In a post-mortem case series including 26 COVID-19 patients from
China, the predominant kidney histology in 9 patients with AKI was
acute tubular injury, erythrocyte aggregation in peritubular capillaries,
segmental fibrin thrombi in glomeruli, direct viral infection of tubular
epithelium and podocytes, and infiltration of inflammatory cells [11].
Features consistent with rhabdomyolysis were noted in 3 of the 9
cases. A different post-mortem report in 6 patients showed similar find-
ings: severe acute tubular injury, lymphocyte and macrophage infiltra-
tion, detection of viral antigen in tubular epithelial cells, and
complement C5b-9 deposition [10].

Collapsing glomerulopathy, an aggressive variant of focal segmental
glomerulosclerosiswith high rates of podocyte injury and depletion, has
also been reported in renal biopsies of patients with COVID-19 associ-
ated AKI [16]. It is known to occurwith a variety of conditions, including
viral infections such as human immunodeficiency virus, influenza, cyto-
megalovirus and non-viral infections including tuberculosis, autoim-
mune diseases, drug exposures (such as pamidronate and interferon),
hemophagocytic syndrome, and acute glomerular ischemia. Many of
these exposures are thought to mediate the disease by podocyte cyto-
toxicity such as via pro-inflammatory cytokine expression. Given the
variable renal histology findings, it is not surprising that proteinuria
and haematuria have been reported in patients with COVID-19 associ-
ated AKI [17].

4. Medical management

During periods of scarce resources, prevention of AKI is particularly
important. Where AKI develops, all efforts should be made to mitigate
progression to severe AKI, particularlywhere renal replacement therapy
(RRT) might be needed. Presently, there is no specific treatment for
92
COVID-19 associated AKI. Until new evidence emerges, general man-
agement should follow current consensus recommendations for AKI in
general [18,19]. However, potential therapies targeting specific aspects
of the pathophysiology of COVID-19 associated AKI are being explored
and tested [20-24]. (Table 1)

In case of progressive AKI, measures to avoid or delay the need for
RRT are particularly important, including avoidance of nephrotoxic



Table 2
“Real-time” RRT data (on 13th April 2020; personal communication).

Investigator Region Total number of COVID
patients in Critical Care

Incidence of
RRT

Bouchard Montreal (Ca) 25 0%
Kellum Pittsburgh (USA) 3 0%
Hoste Gent (B) 47 8.5%
Joannidis Innsbruck (Au) 44 9%
De Vlieger Leuven (B) 127 10.2%
Monard Lyon (Fr) 62 15%
Neyra Lexington (USA) 13 15.4%
Ronco Vicenza (It) - 18%
O’Loughlin Dublin (Ie) - 20%
Prowle London (UK) 142 20-25%
Ostermann London (UK) 236 27%
Silversides Belfast (UK) 27 33%
Forni Surrey (UK) 61 16%

Abbreviations: Ca = Canada; USA = United States of America; B = Belgium; Au =
Austria; Fr = France; It = Italy; Ie = Ireland; UK= United Kingdom

Table 4
Alternatives in case of limited RRT resources

Resource
limitation

Potential alternatives (in combination with optimal
management of AKI to avoid RRT)

CRRT
machines

• 6-8 hour sessions of PIRRT with CRRT machines (2-3 patients
per machine)

• alternative RRT modalities (SLED, IHD, peritoneal dialysis)
• medical management of AKI to prolong periods off-RRT

Fluids • IHD (online preparation of dialysis fluid, reverse osmosis unit)
• aseptic manual preparation of dialysis or replacement fluid

Circuits
catheters

• peritoneal dialysis
• strategies to prolong circuit and filter life (optimal access,
anticoagulation, filtration fraction <30%)

Abbreviations: AKI=acute kidney injury; CRRT=continuous renal replacement therapy;
IHD = intermittent hemodialysis; PIRRT = prolonged intermittent hemodialysis; RRT =
renal replacement therapy; SLED = sustained low efficiency dialysis
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exposures and fluid overload, use of diuretics in case of fluid accumula-
tion, and strategies to avoid hyperkalemia.

5. Renal replacement therapy

The incidence of RRT in critically ill COVID-19 patients with AKI
appears to be highly variable with some reports suggesting that
RRT is necessary in more than 30% of critically ill patients with
COVID-19. (Table 2) In general, clinical practice of RRT should follow
existing guidelines and be provided as optimally as possible to avoid
wasting of scarce resources. However, adjustments may need to be
made in case of reduced RRT capacity (environment, machines,
consumables, staff) [6,25,26]. (Table 3 and Table 4) Ideally, policies
and protocols for RRT during a pandemic should be in place before
capacity is reached so that risks to patients, staff and the wider
hospital community and the impact on quality standards are mini-
mized [27].

5.1. Modality

Continuous renal replacement therapy (CRRT), prolonged intermit-
tent RRT (PIRRT) and intermittent haemodialysis (IHD) are the most
commonmodalities of RRT for AKI in most ICUs. Acute peritoneal dialy-
sis (PD) is used less often. There is no consistent evidence that CRRT is
superior to IHD with regards to mortality and renal recovery. However,
Table 3
Provision of RRT during COVID-19 pandemic

Ideal situation Reality

modality based on individual
patient’s needs

choice of modality based on availability,
number of patients and expertise of staff

initiation before onset of
life-threatening complications

strict criteria for initiation in the absence of
absolute criteria for RRT: need for medical
management of complications of AKI
(diuretics, potassium binders, bicarbonate)

prescription of appropriate dose to
compensate for unplanned
‘downtime’

minimal dose to control metabolic and
fluid status

optimal anticoagulation to maintain
filter patency and avoid harm

need to maintain long filter life to avoid
wasting circuits (high risk of filter
clogging/clotting)

highly qualified ICU staff less qualified staff/surge staff
ICU environment non-critical care areas
high standards and benchmarks need to accept lower standards and

performance indicators

Abbreviations: ICU = intensive care unit
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CRRTprovides superior removal offluid and resolution offluid overload,
and is associatedwithmore consistentmetabolic control and less hypo-
tension, in particular in patients with haemodynamic instability [18].

In the absence of data clearly demonstrating superiority of one mo-
dality over another, during a pandemic, the choice of RRT modality
should be informed foremost by clinical expertise and resources readily
available [25]. In surge situationswhere CRRTmachinesmay be limited,
alternative strategies, including acute PD and the use of IHD and PIRRT
with standard CRRT machines (i.e. 40-50 ml/kg for 4-8 hours) should
be considered to provide renal support for a higher number of patients.

If IHD is employed, extra trained staff may be needed. In addition,
IHD requires access to permanent or mobile reverse osmosis units and
sufficient water and drain resources with adequate water pressures to
generate a dialysate.

5.2. Timing

The optimal timing for initiation of RRT in COVID-19 patients is un-
known [28-32]. In patients not suffering from COVID-19, there is no
convincing evidence that earlier initiation is beneficial [32]. Therefore,
in a pandemic with scarce resources, initiation of acute RRT should
only be considered to control or prevent complications of AKI which
cannot bemanagedmedically. Ideally, this decision should bemade col-
laboratively with all relevant specialties involved (critical care, nephrol-
ogy, nursing, patient, surrogate decision maker).

5.3. Vascular access

During a pandemic, appropriate vascular access is important in order
tomaintain circuit patency and avoidwasting of scarce resources. In pa-
tients who need regular proning, internal jugular access is preferred
over femoral lines and the catheter length should be chosen based on
insertion site [33]. (Table 5)

5.4. Anticoagulation

COVID-19 is a prothrombotic illness, and premature filter clotting is fre-
quently reported. Appropriate vascular access is essential and systemic
Table 5
Preferential catheter insertion site during COVID-19 pandemic and corresponding cathe-
ter length (adapted from reference [34]).

Preference Insertion site Catheter length

1 Right internal jugular vein 15 cm
2 Left internal jugular vein 20 cm
3 Right or left femoral vein 25 cm
4 Dominant arm subclavian vein Right: 15-20 cm Left: 20 cm
5 Non-dominant arm subclavian vein Right: 15-20 cm Left: 20 cm
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anticoagulation is recommended to prolongfilter life [34]. In case of ongoing
problems with premature filter clotting, other forms of thrombophilia
should be excluded (i.e. heparin induced thrombocytopenia).

5.5. Blood purification

The role of blood purification using specific membranes, adsorption,
hemoperfusion or other extracorporeal techniques in COVID-19 has not
been studied formally and remains unknown to-date [21].

6. Staff wellbeing

During a pandemic, all members of the multidisciplinary team will
be experiencing emotional, physical, psychological and moral stress.
The need for RRT will add to this and additional support and resources
may be necessary. Access to appropriate personal protective equipment
is essential.

7. Operational aspects

Close collaboration with other ICUs, critical care networks, local
renal units and local health care systems in general is essential to
share equipment, consumables, expertise and support. Clear criteria
for transfer of patients to renal units need to be agreed between all
stakeholders.

8. Outcome

Evidence is clearly emerging that AKI is associatedwith an increased
risk of mortality in patients with COVID-19, especially if RRT is required
[35,36]. The long-term impact of COVID-19 associated AKI on kidney
function, risk of chronic dialysis, cardiovascularmorbidity andmortality
remain unknown at this stage.

9. Conclusions

The COVID-19 pandemic provides unique challenges for patients,
healthcare providers, administrators and the community in general.
Preparedness for rapid changes, flexibility, resilience and team work
are the key essentials to enable everybody to overcome the challenges.
In addition to the high physical and emotional demand, the situation
also offers opportunities for fascinating clinical and basic science re-
search, and new ways of working.
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