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ACUTE KIDNEY INJURY IN PATIENTS WITH COVID19:
A CHALLENGE FOR NEPHROLOGISTS
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Acute kidney injury (AKI) is a common fi nding in patients with coronavirus disease 2019 (COVID-CoV-19), and it is associated 
with long-term hospital treatment, more frequent admission to intensive care units (ICUs), and higher mortality compared with 
COVID-CoV-19 patients without kidney disease. Moreover, mortality rate is directly proportional to the severity of AKI. The 
pathophysiology of COVID-19 associated AKI could be related to specifi c and unspecifi c mechanisms. COVID-19 - specifi c 
mechanisms are direct cellular injury resulting from viral entry through the ACE-2 receptor, which is highly expressed in the 
kidney, an imbalanced renin-angiotensin-aldosterone system (RAAS), severe respiratory failure, proinfl ammatory cytokines 
elicited by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, coagulopathy, microangiopathy, 
and collapsing glomerulopathy. Nonspecifi c mechanisms include hemodynamic alterations, high levels of positive end-
expiratory pressure in patients requiring mechanical ventilation, sepsis, hypovolemia, rhabdomyolysis, and administration 
of nephrotoxic drugs. Today, we do not know enough about the prevention and management of COVID-19. Treatment of AKI 
includes general management, pharmacological management of COVID-19, hemodynamic and volume optimization, renal 
replacement therapy, and other extracorporeal organ support. As of now, long-term prognosis is unknown. However, it may 
be safe to speculate that prognosis will be associated to the etiology of AKI. Patients with thromboembolic complications 
and collapsing glomerulopathy may develop a more severe degree of chronic kidney disease compared to those with other 
types of renal injury (e.g., acute tubule-interstitial nephritis). Early studies suggest that about one-third of patients who 
survived AKI caused by COVID-19 will remain dialysis-dependent.
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On April 9, 2021, 133,552,774 confi rmed cases of coro-
navirus disease 2019 (COVID-19) including 2,894,295 
confi rmed deaths were reported by the World Health 
Organization (WHO) (1). Since the onset of the 
new severe acute respiratory syndrome coronavirus 
2(SARS-CoV-2) outbreak, a lot of research has been 
focused on pulmonary complications, namely, acute 
respiratory distress syndrome (ARDS), which is the 
leading condition in intensive care unit (ICU) admis-
sion and associated with a high mortality rate (2-5). 
Initially, little attention was paid to kidney abnormali-
ties, primarily acute kidney injury (AKI) (7). However, 
today, it is evident that AKI is prevalent in patients with 
COVID-19 and that SARS-CoV-2 specifi cally invades 
the kidneys. Moreover, a recently published study that 
utilized autopsy specimens from patients who died 
from COVID-19 demonstrated evidence for the SARS-
CoV-2 invasion of the kidney tissue, along with signif-
icant tubular epithelial and peritubular capillary endo-
thelial injury, as well as glomerular changes (8, 9).

EPIDEMIOLOGY

Acute kidney injury is strongly associated with in-
creased mortality and morbidity, and is a complication 
that can occur during progression of COVID-19 in 
patients suff ering from chronic kidney disease (CKD), 
as well as in those who are not sick (10). According 
to the analysis of several studies, the incidence of AKI 
varies from 0.5% to 23%, with higher rates reported 
in countries outside China (11). Th e pooled incidence 
of COVID-19-associated AKI in diff erent regions of 
China from 26 peer-reviewed studies was 6.5%, with a 
much higher rate in patients admitted to ICU (32.5%) 
than in patients treated at non-intensive departments 
(5.1%) (12). Studies from Wuhan showed a higher AKI 
incidence (9.7%) (6) than studies from other provinc-
es in China (2.8%) (12), which may be explained by 
diff erence in disease severity.

Recently published studies on COVID-19 worldwide 
report AKI rates in hospitalized patients of 17.9%-
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72.7% in Italy, 9.2%-18.3% in Korea, 19.7%-69.2% in 
Spain, 5.8%-56.9% in the USA, 52.2%-74.6% in Ger-
many, and 4.7%-64.1% in France and Belgium, which 
are much higher than the rates in China (12-17). Th e 
diff erence may be explained by the fact that only very 
sick COVID-19 patients were admitted to hospitals in 
those countries compared to the admission of less sick 
patients in China. Health care systems and policies for 
hospitalization and assigning levels of care are wide-
ly diff erent across the world, as well as demographic 
characteristics, risk factors, morbidities, defi nition of 
AKI, and admission rate of COVID-19 patients (Table 
1).

Patients who developed AKI had a more critical prog-
nosis in terms of mortality rate compared with those 
that had only chronic illness as comorbidity (e.g., di-
abetes mellitus, arterial hypertension, cardiovascular 
diseases, chronic respiratory diseases and neoplasms). 
AKI increased the risk of death 5.3 times in these 
patients (18). In patients with COVID-19, mortality 
rates increase with age, as well as with the number of 
chronic pre-existing diseases (especially CKD) (19). 
All these observations suggest that mortality rate from 
AKI may be 13 times higher, and that either the pres-
ence of CKD at hospital admission or development of 
AKI during the COVID-19 infection have been both 
recognized as two independent risk factors for mor-
tality (19, 20).

Table 1.
Potential risk factors for COVID-19 acute kidney injury 

(AKI)

Demographic risk 

factors

Risk factors for AKI at 

admission

Risk factors for AKI 

during hospitalization

Older age Severity of COVID-19
Nephrotoxins (e.g., drugs, 
contrast exposure)

Hypertension Degree of viremia Vasopressors

Diabetes mellitus Respiratory status
Fluid dynamics (fl uid 
overload/hypovolemia)

Cardiovascular diseases
Non-respiratory organ 
involvement

Ventilation, high positive 
end-expiratory pressure

Chronic kidney disease Leukocytosis

High body mass index Lymphopenia

Immunosuppressed 
state

Hypovolemia/
dehydration

Genetic risk factors 
(e.g., APOL1 genotype, 
ACE-2 polymorphisms)

Elevated markers of 
infl ammation (e.g., CRP, 
D-dimers, ferritin)

Smoking history Rhabdomyolysis

Medication exposure 
(e.g., ACEi, ARB, statin, 
NSAID)

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; COVID-19, coronavirus disease 2019; NSAID, 
nonsteroidal anti-infl ammatory drug 

ETIOLOGY

Coronaviruses are a group of single-stranded RNA vi-
ruses with positive polarity, belonging to the Corona-
virus family. Until 2019, six coronavirus strains, which 
were able to infect humans, were known. Four strains 
usually circulate in the human population causing 
mild respiratory infections. In 2003 and 2012, the 
first two zoonotic strains of coronaviruses capable of 
infecting humans through an animal were identified. 
Th ese caused severe lung syndromes in recent times, 
i.e. the severe acute respiratory syndrome (SARS) in 
2003 and Middle East respiratory syndrome (MERS) 
viruses in 2012 (21). In December 2019, unusual cas-
es of pneumonia were reported in the city of Wuhan, 
located in the Hubei Province in central China. On 
January 12, 2020, the WHO stated that the disease was 
caused by a novel coronavirus named SARS-CoV-2. 
Th e resulting SARS-CoV-2 related disease was defined 
as a novel COVID-19 that rapidly spread throughout 
China, followed by an increasing number of cases in 
all continents, resulting in a global pandemic (19).

It has been documented that SARS-CoV-2 is a chime-
ric virus resulting from pre-existing viruses, namely, a 
bat coronavirus and a coronavirus of unknown origin. 
Its genomic sequence corresponds to the bat corona-
virus with 88% identity and the pangolin coronavirus 
with 99% identity (22, 23). Th e genetic analysis per-
formed on the pangolin coronavirus involved only a 
specific site known as the receptor-binding domain 
(24). However, it emerged that SARS-CoV-2 and the 
pangolin coronavirus did not share the same structur-
al characteristics. Th erefore, pangolin was identified 
as the intermediate species of transition from bat to 
humans rather than being directly responsible for the 
SARS-CoV-2 pandemic (23, 25). Common routes of 
transmission of this highly contagious virus are as fol-
lows: 1) close contact (the most usual way of infection); 
2) transmission via aerosols; 3) it has been identifi ed 
in tears and conjunctival secretions of COVID-19 pa-
tients; and 4) SARS-CoV-2 has been found in gastro-
intestinal tissue of COVID-19 patients (26). 

PATHOPHYSIOLOGY

Th e genomic sequence of SARS-CoV-2 was compared 
with SARS-CoV and MERS-CoV, and it was found 
that SARS-CoV-2 has a sequence identity of 79% with 
SARS-CoV and 50% with MERS-CoV. Upon analy-
sis of certain proteins (coronavirus main proteinase, 
papain-like protease and RNA-dependent RNA poly-
merase), it was observed that the sequence identity 
value between SARS-CoV and SARS-CoV-2 is 96%, 
on the basis of which it was concluded that there is 
a similarity in the pathophysiological eff ects of these 
two coronaviruses (27).
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Th e SARS-CoV-2 infection represents a major chal-
lenge to our homeostatic response. Th e renin-angio-
tensin-aldosterone system (RAAS) is a key homeo-
static system within our bodies that involves the lung, 
kidneys, brain, liver and other organs, to regulate fl uid 
volume, blood pressure and electrolyte balance. Th e 
fi rst step in COVID-19 pathogenesis is viral invasion 
via its target host cell receptors. SARS-CoV-2 is most-
ly transmissible through large respiratory droplets, di-
rectly infecting cells of the upper and lower respirato-
ry tract, especially nasal ciliated and alveolar epithelial 
cells. In addition to the lungs, angiotensin-converting 
enzyme 2 (ACE-2) receptors are also expressed in var-
ious other human tissues such as the kidneys, small 
intestine, heart, thyroid, testis, and adipose tissue, in-
dicating that the virus may directly infect cells of oth-
er organ systems when viremia is present. ACE-2 is 
a carboxypeptidase expressed on the cell surface that 
cleaves angiotensin I (Ang I) into angiotensin 1-9 and 
angiotensin II (Ang II) into angiotensin 1-7, counter-
acting the vasoconstrictor, proliferative and fi brotic 
eff ects of angiotensin II generated by angiotensin con-
verting enzyme (ACE). It now appears that the ACE-2 
receptor, which is ubiquitous throughout our bodies, 
facilitates entry of SARS-CoV-2 into host cells and dis-
rupts the normal homeostatic response.

However, for many coronaviruses, including SARS-
CoV-2, host cell binding alone is insuffi  cient to facili-
tate viral and cell membrane fuse, requiring S-protein 
priming or cleavage by host cell proteases or trans-
membrane serine proteases. Recently, it was demon-
strated that S-protein priming by transmembrane 

serine protease 2 (TMPRSS2) is required to facilitate 
SARS-CoV-2 entry into host cells (28).

Aft er entering the cell and becoming activated, SARS-
CoV-2 uses the endogenous transcription mechanism 
of the cells to replicate and spread. Cells infected by 
SARS-CoV-2 can recruit and modulate immune cells 
through secretion of chemokines or cytokines. Th e 
interaction between macrophages and cells express-
ing ACE-2 suggest a primary role of macrophages as 
a sentinel during viral infection. A recent study, how-
ever, has shown a downregulation of mitochondrial 
proteins that interact with SARS-CoV-2. Th is mecha-
nism could be interpreted as a process through which 
the virus prevents apoptosis induced by mitochondria 
(29, 30).

Finally, targeting of ACE-2 by SARS-CoV-2 results 
in angiotensin dysregulation, innate and adaptive 
immune pathway activation, hyper-coagulation, and 
consequent multiple organ damage (Figure 1).

Epithelial cells of the lungs and gut are prime target 
of SARS-CoV-2 infection and COVID-19 symptoms. 
Th e expression of ACE-2 has been shown also in the 
kidney, heart, liver, esophagus, stomach, ileum, colon, 
and epithelial cells in the nose and mouth (31, 32). 
Th ese data associated with the evidence that reduction 
of taste and/or smell, myocardial dysfunction with 
acute cardiovascular events, gastrointestinal disorders 
and AKI are among the most frequent clinical man-
ifestations of COVID-19, suggest that SARS-CoV-2 
can infect these organs causing functional damage. 

Fig. 1. Key developments during COVID-19 infection.
Dark blue shading indicates physiologic viral host response over time; dark red shading indicates pathogenic hyper-infl amma-
tory host response over time.
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PATHOPHYSIOLOGY OF ACUTE KIDNEY 
INJURY CAUSED BY SARSCOV2

Recent studies with SARS-CoV-2 infected patients 
have reported that human kidney is a specifi c target 
for COVID-19 infection (33, 34). Th e presence of viral 
particles in the renal tubular epithelium, which were 
morphologically identical to SARS-CoV-2, and with 
viral arrays and other features of virus assembly, pro-
vide evidence for a productive direct infection of the 
kidney by SARS-CoV-2. Th is fi nding off ers confi rma-
tory evidence that direct renal infection occurs in the 
setting of AKI in COVID-19 (35). Further, Diao et al. 
(36) examined viral nucleocapsid protein in the kidney 
of postmortem patients and found that SARS-CoV-2 
antigens accumulated in renal epithelial tubules, sug-
gesting that SARS-CoV-2 infects the human kidney 
directly, which leads to kidney dysfunction and con-
tributes to viral spreading in the body.An additional 
study of 26 autopsies found virus particles characteris-
tic of SARS-CoV-2 in the proximal tubular epithelium 

and podocytes by electronic microscopy. Th is fi nding 
was associated with foot process eff acement and occa-
sional vacuolation and detachment of podocytes from 
the glomerular basement membrane (9).

However, several articles disputed whether the parti-
cles identifi ed were virus in origin and suggested that 
multivesicular bodies or clathrin-coated vesicles had 
an identical appearance (37). Although direct viral in-
fection of the kidney is possible, it is certainly not a 
common or even widespread fi nding reported.

Th e results of these, but also numerous other research-
es, along with the consensual physiological role of 
ACE-2 in the kidneys, raise the possibility of a com-
plex multifactorial pathophysiology explaining kidney 
abnormalities in COVID-19, involving a direct cyto-
pathic eff ect of the virus, local disruption in RAAS 
homeostasis, and a systemic infl ammatory response to 
infection (Figure 2).

Fig. 2. Pathophysiology of acute kidney injury caused by SARS-CoV-2.
Aberrant immune host response together with cytokine storm and lymphocytopenia, followed by ARDS, are relevant problems 
that infl uence the severity of COVID-19, and modulation of the immune response and infl ammation may thus be considered 
crucial (37).
ARDS, acute respiratory distress syndrome

Angiotensin II pathway activation

Interaction between SARS-CoV-2 and angiotensin II 
receptors has been proposed as a potential mechanism 
contributing to the virus infectivity. Th e main bind-
ing site for SARS-CoV-2 is the ACE-2 protein, which 

is expressed by the kidney much more than the lungs 
(37, 38). ACE-2 is expressed on the brush border apical 
membrane of the proximal tubule, where it colocalizes 
with ACE. It is also present at lower levels in podo-
cytes. Th e virus could enter the kidney by invading 
podocytes fi rst. Injured podocytes oft en are shed in 
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urine and podocytes harboring viral particles if shed 
in urine may contribute to the disease transmission 
in the proximal tubules (Figure 3). Coronavirus en-
try into the host target cells also requires fusion of the 
viral envelope with cellular membranes. Fusion-ac-
tivated SARS-CoV-2 peptides are created by specifi c 
proteolytic cleavage of the S proteins, in a step called 
‘priming’. As a consequence, cell infectivity not only 
depends on ACE-2 expression, but is also governed by 
the types of proteases found in a given cell type. In 
the kidney, TMPRSS2, which primes the SARS-CoV-2 
S protein, is robustly expressed in the distal nephron 
rather than the proximal tubule. It remains to be de-
termined if other TMPRSS such as TMPRSS 4, 5, or 
9in the proximal tubule can mediate the priming step. 
Th erefore, the coexpression of ACE-2 and TMPRSS2 
is a determining factor for the entry of SARS-CoV-2 
into the host cells (19). 

Aft er entering the cell and becoming activated, SARS-
CoV-2 uses the endogenous transcription mechanism 
of the cells to replicate and spread (19). Cells infected 
by SARS-CoV-2 can recruit and modulate immune 
cells through the secretion of chemokines or other 
cytokines. Th e role of macrophages remains to be de-
fi ned. In fact, the interaction between macrophages 
and cells expressing ACE-2 is known, suggesting a 
primary role of macrophages as a sentinel during viral 
infection. A recent study has shown downregulation 
of mitochondrial proteins that interact with SARS-
CoV-2. By that mechanism, the virus prevents apop-
tosis induced by mitochondria (30).

Viral replication in podocytes and the consequent 
podocyte injury during COVID-19 infection is a great 
challenge for the patients to deal with and to the ne-
phrologists to strategize treatment options.

Fig. 3. Possible mechanisms of kidney damage by severe SARS-CoV-2 infection.
Angiotensin-converting enzyme 2 expression in proximal epithelial cells makes them a direct target of SARS-CoV-2 infection 
and virus-related injury. Th is process could be aggravated fi rst by local infl ammation,and aft er that uncontrolled systemic in-
fl ammatory response involving a cytokine storm.

A. Electron micrograph of proximal tubule with severe epithelial cell injury with cell sloughing and denudation of the base-
ment membrane (fragments of membranes appear in the lumen – arrow). Th e nuclei appear pyknotic and the cytoplasm 
severely vacuolated.

B. Cytoplasmic dissolution and widespread densities consistent with damaged phospholipids suggestive of oxidative mem-
brane injury (arrow).

C. Disintegration of the brush border and extensive cytoplasmic vesiculation. Th e mitochondria appear markedly swollen. 
Th e clusters of small mitochondria are kept in places (arrow).

Customized according to: Papadimitriou JC et al. Kidney Int Rep. (2020) doi: https://doi.org/10.1016/j.ekir.2020.10.029(8); Martinez-Rojas MA 
et al. Am J Physiol Renal Physiol. 2020; 318: F1454-62 (33).
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Even more, regardless of direct viral infection of the 
kidney, ACE-2 is increased in the context of acute lung 
injury and there is evidence that it is downregulated 
in AKI. Th is may lead to type 1 angiotensin receptor 
activation, as well as decreased angiotensin (1-7) for-
mation and subsequent worsening of AKI (Figure 4), 
which has special signifi cance in the subpopulation of 
patients with diabetes mellitus (DM), cardiovascular 
disease (CVD), and CKD (Table 1).Th us, patients with 
CKD, especially those with diabetic kidney disease 

(DKD), who develop COVID-19 may be at a higher 
risk of AKI because of baseline upregulation of the 
ACE and downregulation of ACE-2, a combination 
that primes a proinfl ammatory (including comple-
ment activation) and profi brotic state in the kidneys of 
those with DKD. Pre-existent CKD could worsen the 
expected outcomes of patients with COVID-19 and 
may involve many pathophysiological mechanism is 
dependent on comorbidities (39).

Dysregulation of immune response and cytokine 
storm

Renal impairment in patients with COVID-19 is part-
ly due to acute tubular necrosis (ATN) resulting from 
the direct infl uence of SARS-CoV-2, but also indirect-
ly through the complex immune mechanisms trig-
gered by cellular damage. Histopathologic examina-
tion performed on kidney specimens obtained from 
autopsy of COVID-19 patients with AKI showed viral 
antigens in the cytoplasm of tubular cells, C5b-9 depo-
sitions on the apical brush border of tubular epitheli-

al cells, and presence of CD68+ macrophages in the 
tubul-interstitium (19). Recent research has revealed 
that patients infected by SARS-CoV-2 showed lymph-
openia, mainly related to the signifi cant reduction in 
absolute T cell counts, particularly cytotoxic T lym-
phocytes (CD8+), increased neutrophil counts, and 
elevated levels of proinfl ammatory interleukins (IL-2, 
IL-6, IL-10) and interferon-γ (IFN-γ). It is known that 
T cells are important for dampening overactive innate 
immune responses, and that a loss of T cells during 
viral infection may result in enhanced infl ammatory 
responses. Moreover, it has been observed that when 

Fig. 4. Eff ect of SARS-CoV-2 infection on endothelial cell function.
SARS-CoV-2 directly infects endothelial cells owing to their high expression levels of ACE-2 and TMPRSS2. Aft er binding by 
SARS-CoV-2, ACE-2 is internalized, and downregulated on endothelial cells, which favor progression of infl ammatory and 
pro-fi brotic processes in the lung,kidney, heart and some other organs, triggered by Ang II hyperactivity. Inhibition of ACE-2 
by binding of SARS-CoV-2 reduces the ACE-2 mediated conversion of Ang II to Ang 1-7, which act on the MAS receptor. Th e 
reduction of MAS receptor activation induces a pro-infl ammatory phenotype through increased activation of AT1Rs. Furt-
hermore, reduced expression of ACE-2 might in turn indirectly activate the KKS, which ultimately leads to increased vascular 
permeability (60). Additionally, reduction in the levels of ACE-2 limits degradation of DABK into inactive peptides, ultimately 
leading to increased pro-thrombotic signaling via the activation of BKRs.
ACE-2, angiotensin-converting enzyme 2; Ang 1-7, angiotensin 1-7; Ang II, angiotensin II; AT1R, type 1 angiotensin receptor; BKR, bradyki-
nin receptors; DABK, des-Arg9 bradykinin; KKS, kallikrein-kinin system; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; 
TMPRSS2, transmembrane protease serine 2
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the T cell count drops serum levels of IL-2, IL-4, IL-10, 
INF, and tumor necrosis factor-α (TNF-α) (40). Due 
to the decrease in CD4+, CD8+ and NK lymphocytes, 
COVID-19 patients with more severe clinical manifes-
tations have higher serum concentrations of IL-6 and 
lower IFN-γ than those with mild forms of the disease.

Normally, the IFN-receptor binding induces a cas-
cade of signals with activation of the genes coding for 
proteins with antiviral, anti-proliferative or immuno-
modulatory properties (41), but in patients infected by 
SARS-CoV-2, a higher IL-6/IFN-γ ratio can be related 
to an enhanced cytokine storm (42). Th ese observa-
tions suggest that in patients with COVID-19, AKI may 
have an infl ammatory etiology mediated by a cytokine 
storm, an infl ammatory process that originates at a lo-
cal site and spreads via systemic circulation (41, 42). 

In the lung-kidney crosstalk, a close bidirectional 
relationship between alveolar and tubular damage 
because of toxic overproduction including cytokines 
and growth factors, as well as the release of dam-
age-associated molecular patterns (DAMPs) from in-
jured tissue in COVID-19 patients has been reported. 
When a cytokine storm occurs, the immune system 
may not be able to kill SARS-CoV-2, while it may kill 
large numbers of normal cells, damage tissues, organs, 
and fi nally become the cause of multiple organ fail-
ure (MOF). Cytokine storm can lead to severe ARDS. 
Th is type of infl ammatory response may also harm 
the kidney. Many studies have emphasized the poten-
tial involvement of IFN pathways and viral trigger in 
podocyte and consequently glomerular injury. Podo-
cyte dysregulation might be due to an infection-driv-
en infl ammatory response that releases cytokines or 
DAMPs. In turn, this product circulates and interacts 
with receptors on podocytes, which can be one of the 
important factors in the development of collapsing 
glomerulopathy (focal segmental glomerulosclero-
sis, FSGS) (43). In some settings, collapsing FSGS is 
closely related to the genetic expression of APOL1 G1 
and/or G2 risk variants (which are observed in people 
of African American origin). SARS-CoV-2 infection 
may unmask APOL1-conferred genetic susceptibili-
ty to podocyte injury and development of collapsing 
FSGS (43).

In addition to being frequently associated with the 
cytokine storm, severe lung infections and/or ARDS 
oft en require prolonged mechanical ventilation. 
COVID-19-associated ARDS is oft en treated by in-
creasing positive end-expiratory pressure (PEEP). 
During PEEP, there is an increase in intrathoracic 
pressure, which can lead to increased intrathoracic 
pressure, as well as increased renal venous pressure 
and reduced glomerular fi ltration rate (GFR). In ad-
dition, PEEP can also increase sympathetic tone (lead-

ing to secondary activation of RAAS), which also con-
tributes to the development of AKI (11).

Moreover, patients who develop secondary infections 
(bacterial, fungal or viral) are at a higher risk of sec-
ondary sepsis-associated AKI. Sepsis is classically de-
fi ned by marked hypotension that requires treatment 
with inotropic drugs. Th erefore, in patients with sep-
sis, it is plausible that persistent hypotension and va-
soconstriction induced by inotropics can participate 
in the development of renal medullary hypoxia, which 
is an additional insult to tubular cells and consequent 
ATN (44). 

Rhabdomyolysis in the setting of COVID-19 can be a 
consequence of direct cytotoxic eff ect of SARS-CoV-2 
on muscles, drug-induced or tissue hypoxia due to 
hypoxemia. Myoglobin demonstrates its toxicity by 
direct damage to renal tubular cells, renal vasocon-
striction related to the hyperactivation of RAAS by 
hypoperfusion and intratubular cast formation, lead-
ing to ATN (45).

It is also important to note that a handful of studies 
have described COVID-19 patients presenting with 
primary cardiac symptoms referred to cardio-renal 
syndrome type 1 (46). Patients usually had myocardi-
tis and stress-related cardiomyopathy due to respira-
tory failure and hypoxemia, but in some patients, con-
comitant heart and kidney failure may occur during 
sepsis (47). Th ere is insuffi  cient evidence to support 
direct viral infection of cardiomyocytes, but it should 
be remembered that maladaptive cytokine release di-
rectly aff ects cardiomyocytes and leads to endothelial 
cell dysfunction (48). 

It is clear that the infl ammatory process might con-
tribute to the pathogenesis of COVID-19-associated 
MOF through the infi ltration of infected tissue by host 
immune cells in order to contain viral replication. 
However, hyperactivation of these immune cells may 
lead to fi brosis, epithelial cell apoptosis and microvas-
culature damage participating in the pathogenesis of 
CKD.

Lymphopenia

Th e expression of ACE-2 in lymphocytes turns them 
into potential targets of SARS‐CoV‐2, which conse-
quently results in cell death of both CD4+ and CD8+ 
T cells leading to an imbalance in both innate and ac-
quired immune responses, neutrophils, macrophage 
hyperactivation, and delayed clearance of viruses (9, 
11, 19). Th e consequent lymphopenia is most likely 
the result of a combined action of the infl ammato-
ry response (which leads to lymphocyte apoptosis), 
direct role of virus in lymphocyte death, or/and de-
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struction of lymphatic organs by virus.Th e eff ects of 
SARS‐CoV‐2 on lymphocytic apoptosis, as well as on 
CD169+ macrophages present in lymph nodes and 
spleen, was proven at autopsy of patients who died 
from COVID-19 (33). 

Dysregulation of complement system

Th e complement system, a signifi cant component of na-
tive immunity, is critical to rapid response to infections. 
Its dysfunction leads to acute lung injury following a 
highly severe SARS-CoV-2 infection. COVID‐19 acti-
vates the complement system via lectin and alternative 
pathways. Th e complement system produces anaphyla-
toxins (e.g., C3a and C5a), which bind to their specif-
ic receptors and stimulate the leukotrienes, histamine, 
and prostaglandins, which are responsible for the main 
symptoms of hypersensitivity (vasodilation, fl ushing, 
hypoxia, and hypotension). Assembly of complement 
C5b‐9 through the alternative pathway in tubular api-
cal brush border consequent to their accumulation in 
tubular lumen leads to tubulo-interstitial damage (36) 
(Figure 5). Th e complement activation and pro-coagu-
lation pathways can stimulate one another.

Coagulopathy and microangiopathy

According to the latest data, the incidence of throm-
botic complications in critically ill patients with 
COVID-19 is up to 49%, and it is accompanied by a 
signifi cant mortality rate (>70%) (49). Critically ill pa-
tients are generally predisposed to thromboembolism, 
mainly due to a combination of favorable factors such 
as systemic infl ammation, endothelial dysfunction, 
platelet activation, immobility, and stasis of blood 
fl ow. COVID-19-associated thrombotic complications 
seem to resemble systemic coagulopathies such as dis-
seminated intravascular coagulation (DIC) or sep-
sis-induced coagulopathy (SIC). However, analysis of 
hematologic fi ndings in COVID-19 patients indicates 
higher plasma levels of fi brinogen and D-dimers, as 
well as signifi cantly elevated C-reactive protein(CRP) 
and ferritin values, associated with thrombocytope-
nia and relatively modest changes in prothrombin 
time (PT) and activated partial thromboplastin time 
(APTT) (19, 50, 51). Patients with COVID-19 have a 
specifi c procoagulant profi le that manifests by a signif-
icant increase in D-dimer and fi brinogen levels, which 
signifi cantly correlate with elevated IL-6 levels (52) 
and have good specifi city and sensitivity in predicting 
the potential worse outcomes (53).

Th e rapid worsening of respiratory symptoms is ac-
companied by extremely marked and uncontrolled in-
crease in pro-infl ammatory cytokines (IL-2, IL-6, IL-7, 
IL-10, TNF-α, MCP-1, MIP-1A and IP-10), commonly 
referred to as the cytokine storm. Playing a critical role 
in acute infl ammation, pro-infl ammatory cytokines 
(especially IL-6) induce a wide spectrum of proteins 
including fi brinogen and thrombopoietin (54), acti-
vating complement pathway on endothelial cell mem-
branes, mediating vascular endothelial growth factor 
(VEGF), signaling and promoting destabilization of 
vascular endothelial-cadherin resulting in increased 
vascular permeability (54, 55). Moreover, IL-6 can in-
crease the level of tissue factor allowing the conversion 
of prothrombin to thrombin, and then permits fi brin 
clot formation. On the other hand, thrombin is able to 
induce IL-6 expression forming a reciprocal feedback. 
Th erefore, in COVID-19 patients, acute uncontrolled 
infl ammation and elevated IL-6 can aff ect coagulation 
and fi brinolysis in several ways and amplify hyperco-
agulability.

Otherwise, infection with SARS-CoV-2 directly or 
indirectly induces vascular endothelial dysfunction 
and thus increases the possibility of thrombosis. Due 
to COVID-CoV-2 infection mediated by ACE-2 and 
TMPRSS2, co-presence of the two proteins may un-
derpin the tropism of virus attack. ACE-2 and TM-
PRSS2 are co-expressed in cells of the lung, heart, 
kidney, smooth muscle and neurons, but also in vas-

Fig. 5. Eff ect of SARS-CoV-2 infection on the complement 
system.

Complement cascade can be activated by three diff erent 
pathways, the classic, lectin and alternative pathways. All 
three participate in creating the formation of C3 convertases 
that cleave C3, generating the pro-infl ammatory peptide C3a 
and a large amount of C3b that opsonizes pathogens. Th e 
latter also forms the C5 convertase, which leads to release of 
the potent anaphylatoxin C5a, as well as the fragment C5b 
responsible for the formation of MAC C5b-9 on target cells, 
which is considered to be the terminal event of complement 
activation. Furthermore, complexes of SARS-CoV-2-specifi c 
antibodies and viral antigens might induce endothelial cell 
injury through activation of the C1 complex of the classic 
pathway and induction of ADC (60). Clinical insights into 
complement activation following SARS-CoV-2 infection are 
limited; there are indications that the downstream terminal 
phases of the complement cascade may contribute to endo-
thelial cell injury, intravascular coagulation and thrombosis, 
leading to MOF in COVID-19 patients (49, 51, 60).
ADC, antibody-dependent cytotoxicity; MAC, membrane attack 
complex
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cular endothelium (50, 55, 56). Normally, in endothe-
lial cells of the kidney, only ACE is expressed without 
detectable ACE-2 (57). However, ACE-2 expression 
can be changed in pathologic states or by some drugs 
(9), which may allow SARS-CoV-2 to infect directly 
renal endothelium (58). Recruitment of immune cells, 
either by direct viral infection of the vascular endothe-
lium or immune-mediated, can result in widespread 
endothelial dysfunction associated with apoptosis. 
Endothelial dysfunction is a principal determinant 
of microvascular dysfunction by shift ing the vascular 

equilibrium towards more vasoconstriction with sub-
sequent infl ammation associated with tissue edema, 
organ ischemia, and a procoagulant state (59). SARS-
CoV-2 infection facilitates the induction of endothe-
litis, apoptosis and pyroptosis in several organs as a 
direct consequence of viral involvement and of the 
host infl ammatory response. COVID-19-endothelitis 
could explain the impaired systemic microcirculatory 
function in diff erent vascular beds and their clinical 
sequels in patients with COVID-19 (19, 49-52, 59, 60) 
(Figure 6).

Fig. 6. Multifactorial pathogenesis of coagulopathy in COVID-19.

Hypoxia

Up to 35% of hospitalized patients with COVID-19 
are treated in ICU, most commonly due to hypoxemic 
respiratory failure, with 29% to 91% of them requir-
ing invasive mechanical ventilation (61). In addition 
to respiratory failure, hospitalized patients may devel-
op AKI, mainly induced by ARDS (attributed to an 
infection driven infl ammatory response that releases 
cytokines and viral products that can interact with 
podocytes and tubular cells and damage them) (62). 
Th e coexistence of hypoxia could further enhance the 
process and move the infl ammatory response towards 
maladaptation. Th e involvement of the hypoxia-in-
ducible factor (HIF) system, critical for infl ammation 
and control of immune cell metabolism and function, 
is very likely. Hypoxia and infl ammation are unequiv-
ocally linked, since hypoxia causes infl ammation in 
exposed tissues and infl ammation induces severe hy-
poxic response. Th e involvement of the HIF pathway 
during AKI eff ects a span from an increase of oxygen 
supply and adaptation to limited oxygen demand to a 
decrease in oxidative stress and regulation of infl am-

matory processes, stimulation of erythropoietin syn-
thesis, improvement of mitochondrial metabolism, 
and reduced apoptosis (63).

Non-specifi c mechanisms

Non-specifi c mechanisms include older age, pre-ex-
isting comorbidities, hemodynamic alterations, hy-
povolemia, nosocomial sepsis, nephrotoxic drugs, an-
giographic contrast media, and high levels of PEEP in 
patients requiring mechanical ventilation.

As previously mentioned, mortality rates increase with 
age categories (e.g., mortality rate of 1.3% in the 50-59 
age group, 3.6% in the 60-69 age group, 8% in the 70-79 
age group, and 14.8% in the ≥80 age group), presence 
of CVD (10.5%), diabetes mellitus (7.3%), chronic 
pulmonary disease (6.3%), arterial hypertension (6%), 
neoplasms (5.6%) (4), and somewhat less frequently in 
the immune compromised status, smoking and obesi-
ty (64). According to data from the Italian Health In-
stitute, the most common chronic diseases in patients 
who died from COVID-19 were arterial hypertension 
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(70%), diabetes mellitus (31.7%), CKD (23.1%), atrial 
fi brillation (22.5%), chronic obstructive pulmonary 
disease (COPD) (18.1%), active neoplasm (16.8%), 
ischemic heart disease (16%), and obesity (10%). Ap-
proximately 47% of the patients who died suff ered 
from 3 or more chronic diseases, 26% had 2 diseases, 
26% had only one disease, and 1% did not suff er from 
any other disease (19). Patients with increased base-
line serum creatinine (sCr) levels were more likely to 
develop AKI (11.9%) than patients with normal base-
line values (4.0%). Th is means that, while renal com-
plications are more likely in patients with pre-existing 
chronic renal failure, moderate-to-severe AKI can also 
be found in patients with normal sCr levels and these 
may represent a higher-risk subset of patients with 
ARDS (19). On hospital admission, a signifi cant per-
centage of CKD patientspresented proteinuria and mi-
cro-hematuria (37). A higher incidence of proteinuria 
and micro-hematuria has been reported in patients 
with severe or critically ill COVID-19 pneumonia.

Due to these pre-existing comorbidities, patients are 
frequently treated with drugs that interfere with renal 
blood fl owregulation, such as diuretics, ACE inhibi-
tors, and other antihypertensive drugs. Th is could be 
of importance because many patients experienced 
prolonged fever, tachypnea and gastrointestinal symp-
toms (nausea, vomiting and diarrhea), which could 
lead to hypovolemia and subsequent pre-renal AKI. 
Cardiomyopathy and acute viral myocarditis can both 
contribute to renal venous congestion, hypotension, 
and renal hypo-perfusion, leading to reduction of 
GFR (34).

Similarly, critically ill patients might be exposed to 
nephrotoxic or/and hepatotoxic drugs as part of their 
clinical care, including antibiotics, lopinavir/ritonavir, 
remdesivir, tenofovir, nucleoside analogs, hydroxy-
chloroquine sulfate and chloroquine phosphate (46, 
65). Moreover, administration of angiographic con-
trast media also potentiates the risk of tubular toxicity 
(66). 

Patients who develop secondary infections (regardless 
of whether they are viral, bacterial or fungal) are at a 
higher risk of secondary sepsis-associated AKI (11, 
67). 

Patients with severe COVID-19-associated ARDS 
and/or pneumonia are also at a high risk of AKI as a 
complication of mechanical ventilation. Specifi cally, 
COVID-19-associated ARDS is oft en treated by in-
creasing PEEP, which leads to increased intra-thoracic 
pressure and can ultimately result in increased renal 
venous pressure and reduced GFR and urine output, 
which may be further amplifi ed if intra-abdominal pres-
sure is elevated (e.g., with fl uid overload). In addition, 

all forms of positive pressure ventilation can increase 
sympathetic tone, leading to secondary activation of 
the RAAS. Recently, it has been found that, in the early 
phase of COVID19 pneumonia, pulmonary mechanics 
may be diff erent from traditional ARDS, characterized 
by normal compliance, low lung recruit ability, and 
without the need for very high PEEP or even deleteri-
ous eff ects of the latter (68). In other words, high and 
kidney-unfriendly levels of PEEP may not be required 
in the early phase of COVID-19 ARDS. Finally, infl am-
matory eff ects of invasive mechanical ventilation per 
se, especially when a non-protective strategy is applied, 
could also contribute to AKI (44, 46).

PATHOLOGY

In one of the fi rst rapid autopsy series (postmor-
tem interval was ≤6 h) performed on patients with 
COVID-19, all cases showed mild to severe AKI char-
acterized by the loss of proximal tubular brush borders, 
vacuolar degeneration, pigmented casts in tubular lu-
mens, pigmented granules within tubular cytoplasm, 
and frank epithelial cell necrosis (9) (Figure 7). In seven 
cases, there was evidence for glomerular ischemia, and 
fi brin thrombi within the glomerular capillary loops 
were found in three of them. In another retrospective 
study of 81 patients, 41 (50.6%) patients experienced 
AKI, and autopsy fi ndings were consistent with acute 
tubular injury (ATI) (69). More recently, several kid-
ney autopsy series from the USA and United Kingdom 
showed a high incidence of AKI with varying degrees 
of severity. Th e authors also report platelet-rich fi brin 
microthrombi in scattered peritubular capillaries and 
venules in most cases (36, 70-73).

No signifi cant glomerular disease has been described 
in patients with COVID-19, with the exception of 
collapsing focal segmental glomerulosclerosis, which 
has been reported in approximately 40 patients (ei-
ther alone or in combination with other pathologic 
fi ndings in the kidneys) (37, 60), and seems to be as-
sociated with the presence of genetic risk variants of 
APOL1 G1 (74) (Figure 7). Th is pattern of injury is 
most strongly associated with viral infection and may 
increase the risk of interfe ron mediated podocyte in-
jury due to COVID-19. Homozygosity for high-risk 
APOL1 allele is present in 14% of African Americans 
who collectively represent 12.9% of the USA pop-
ulation but account for an estimated 25.1% of USA 
COVID-19 deaths (75).

Microscopic changes associated with comorbid condi-
tions such as hypertension and diabetes showed charac-
teristic fi ndings in glomeruli, which included nodular 
mesangial expansion and hyalinosis of arterioles (asso-
ciated with diabetic nephropathy) and arteriosclerosis 
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of medium-sized arteries with ischemic glomeruli (9, 
73). Finally, in addition to the possible contributors of 
kidney dysfunction during active COVID-19, preexis-
tent CKD is a known independent risk factor to devel-
op AKI. Th is could worsen the expected outcomes of 
these patients and may involve many pathophysiologic 
mechanisms dependent on comorbidities (33, 34).

In support of the hypothesis that SARS-CoV-2 exerts 
tropism in the kidney electron microscopy (EM) ex-
amination of autopsy samples from 26 patients who 
had died with COVID-19 demonstrated clusters of vi-
ral particles in the podocytes and tubular epithelium 
(9). Another study that involved microdissection of the 
tissue obtained on autopsy demonstrated detectable 
SARS-CoV-2 viral load in three of six deceased pa-
tients. In all positive samples, virus was detected in all 
kidney compartments examined, mostly targeting glo-

merular cells (76). In line with this fi nding, active viral 
replication in diff erent tissues, including kidney tissue, 
was found in a subset of patients with COVID-19 (72), 
although it is still not clear whether this renal active 
replication contributes to viral burden in the body.

However, most analyses of kidney tissue used light mi-
croscopy, immunohistochemistry and/or EM, which 
cannot conclusively ascertain whether the identifi ed 
particles are actually SARS-CoV-2 or merely viral-like 
structures. Th e identifi cation of viral particles in kid-
ney tissue by EM has been questioned given the re-
semblance of these particles to other cellular struc-
tures (e.g.,clathrin-coated vesicles) (77). Th e fact is 
that several studies were unable to confi rm the pres-
ence of virus in the kidney, and that studies of SARS-
CoV-2 in biologic fl uids rarely showed viral shedding 
in the urine (78). 

Fig. 7. Histopathologic changes of the kidney that may be seen in COVID-19 patients with AKI.
Evidence to date shows that the vast majority of AKI cases in patients with COVID-19 were related to ATI. Th is form of AKI 
has components of ischemia-reperfusion injury, direct infl ammatory injury, coagulation and endothelial cell dysfunction, and 
apoptosis (34, 49, 53, 63). Tubular injury from rhabdomyolysis and severe hyperinfl ammation should be considered in the 
diff erential diagnosis of AKI in patients with COVID-19. Th e kidney autopsy samples from patients with COVID-19 showed 
prominent tubular injury, including the initial part of the proximal tubule, with loss of brush borders, epithelial cell necrosis, 
and collections of intraluminal debris. Interstitial disease was not as common as tubular injury (37). TMA has been described in 
patients with COVID-19, with the kidney biopsy showing diff use cortical necrosis and widespread glomerular microthrombi.
Collapsing glomerulopathy is the most common form of glomerular disease in association with COVID-19. Th e pathogenesis 
of COVID-19-associated collapsing glomerulopathy is unclear, but it has emerged as a distinct pathology associated with SARS-
CoV-2 infection, which seems to specifi cally aff ect individuals of African ancestry who have high-risk APOL1 genotypes (G1/
G1, G1/G2, or G2/G2) (37). Other glomerular diseases such as ANCA-associated vasculitis, anti-GBM disease, IgA vasculitis 
without nephropathy, membranous nephropathy and minimal change disease have been reported in patients with COVID-19. 
Th ere are two possible explanations for the variety of glomerular diseases seen in patients with COVID-19: predilection for a 
specifi c glomerular pathology in these patients (SARS-CoV-2 acting as a ‘second hit’); and these processes may be unrelated to 
SARS-CoV-2 (representing incidental fi ndings).
AKI, acute kidney injury; ANCA, antineutrophil cytoplasmic antibody; ATI, acute tubular injury; GBM, glomerular basement membrane; 
IgA, immunoglobulin A; TMA, thrombotic microangiopathy
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DIAGNOSIS

Th e diagnosis of COVID-19 itself is based on the his-
tory of contact, clinical and laboratory evidence with 
hemogram, biochemical parameters, chest imaging 
with computerized tomography (CT), and virologic 
examination.

Th e clinical spectrum of SARS-COV-2 infection rang-
es from asymptomatic infection to critical and fatal 
illness. Th e proportion of infections that are asymp-
tomatic is about 40%. According to the European Cen-
tre for Disease Prevention and Control, evidence from 
analyses of cases showed that up to 80% of patients 
with COVID-19 had mild disease, without pneumo-
nia or with mild pneumonia, most of whom recovered 
spontaneously (79). Severe disease (e.g., with pneu-
monia and hypoxia) has been reported in 15% to 20% 
of symptomatic infections, and 6% become critically 
ill (79). It can occur in otherwise healthy individuals 
of any age, but predominantly occurs in adults with 
advanced age or certain underlying medical comor-
bidities (Table 1). Males, compared with females, have 
a disproportionately higher death rate (80).

Th e most frequent serious clinical manifestation of in-
fection is pneumonia, which can be complicated with 
ARDS even in patients with initially mild symptoms.
Th e range of associated symptoms was illustrated in a 
report of over 370,000 confi rmed COVID-19 patients 
with known symptom status reported to the CDC in 
the USA, as follows: dry cough (50%), fever (43%), 
myalgia (36%), headache (34%), dyspnea (29%), sore 
throat (20%), diarrhea (19%), nausea/vomiting (12%), 
and loss of smell or taste, rhinorrhea and abdominal 
pain in fewer than 10% each (81). Other reported 
complications are thromboembolic events, includ-
ing pulmonary or coronary embolism and stroke, 
encephalitis and encephalopathy, Guillain-Barre and 
Miller-Fischer syndrome, olfactory and taste dysfunc-
tion, conjunctivitis, cardiac injury, arrhythmias, liver 
and pancreas injury, intestinal infl ammation, thyroid 
gland dysfunction, acute adrenal insuffi  ciency, diff use 
myalgia and rhabdomyolysis, lymphopenia, neutro-
philia, DIC,testis dysfunction and spermatogonia, and 
cutaneous adverse events (82). 

Th e rates of reported AKI vary considerably among 
studies (0.5% to 46%). Reports from the EU and USA 
describe a great burden of comorbid disease in asso-
ciation with higher rates of AKI (74). One possible 
explanation of the high prevalence of kidney involve-
ment at hospital admission is that some of COVID-19 
patients may have already had a history of CKD. Such 
patients tend to have a pro-infl ammatory state with 
functional defects in their immune system, and are at a 
higher risk of upper respiratory tract infection, pneu-

monia and ARDS. In ARDS, the severity of illness, pa-
tient age and presence of diabetes and/or hypertension 
are all risk factors for acute-on-chronic kidney injury. 
Interestingly, a recent prospective study including 701 
patients with moderate or severe COVID-19 showed 
that 43.9% exhibited proteinuria and 26.7% hematu-
ria at hospital admission, while 13% presented elevat-
ed levels of sCr, blood urea nitrogen (BUN) or both 
(20). During hospitalization, AKI occurred in 5.1% of 
COVID-19 patients. Patients with diff erent degrees of 
proteinuria and hematuria had a signifi cantly higher 
risk of in-hospital death aft er adjusting for age, gender, 
comorbidity, disease severity and leukocyte count (20, 
33).

Polymerase chain reaction and serology

Reverse transcription polymerase chain reaction 
(PCR) based SARS-CoV-2 RNA detection from re-
spiratory samples (e.g., nasopharynx) is the standard 
for diagnosis. Th e sensitivity of testing varies with the 
timing of testing relative to exposure. One modeling 
study estimated sensitivity at 33% four days aft er expo-
sure, 62% on the day of symptom onset, and 80% three 
days aft er symptom onset (83).  Factors contributing 
to false-negative test results include the inadequacy of 
the specimen collection technique, time from expo-
sure, and specimen source. Lower respiratory samples 
such as broncho-alveolar lavage fl uid are more sensi-
tive than upper respiratory samples (84). 

Wang et al. examined the credibility of PCR among 
1070 specimens collected from 205 patients with 
COVID-19 and found that broncho-alveolar lavage 
fl uid specimens had the highest positive rates of 
SARS-CoV-2 PCR test results (93%), followed by spu-
tum (72%), nasal swabs (63%), and pharyngeal swabs 
(32%) (83). SARS-CoV-2 can also be detected in feces, 
while the fi nding in the urine is still questionable.Sali-
va may be an alternative specimen source, but requires 
further validation.

Several serologic tests can also aid in the diagnosis and 
measurement of responses to novel vaccines. Howev-
er, the presence of antibodies may not confer immu-
nity because not all antibodies produced in response 
to infection are neutralizing. IgM antibodies are de-
tectable within 5 days of infection, with higher IgM 
levels during weeks 2 to 3 of illness, while an IgG re-
sponse may be seen approximately 14 days aft er symp-
tom onset (84, 85). Higher antibody titers occur with 
more severe disease. Available serologic assays include 
point-of-care assays and high throughput enzyme im-
munoassays (85). 
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Laboratory features

Based on the analysis of 19 studies involving 2874 
patients with SARS-CoV-2 infection, of whom 88% 
were hospitalized, a typical profi le of laboratory ab-
normalities seen in COVID-19 was made. Serum 
CRP, lactate dehydrogenase (LDH), alanine amino-
transferase (ALT) and aspartate aminotransferase 
(AST) were elevated inapproximately 60%, 50%, 25% 
and 33% of patients, respectively (86). Approximately 
75% of patients had low serum albumin, and the most 
common hematologic abnormality was lymphopenia, 
which was present in up to 83% of hospitalized pa-
tients with COVID-19 (4). In conjunction with coag-
ulopathy, modest prolongation of prothrombin times, 
mild thrombocytopenia and elevated D-dimer values 
have been reported (49). More severe laboratory ab-
normalities have been associated with more severe 
infection. However, most of these laboratory charac-
teristics are nonspecifi c and common in pneumonia. 
Patients with COVID-19 AKI have also been reported 
to have higher levels of systemic markers of infl am-
mation, particularly CRP, ferritin, pro-calcitonin and 
LDH than patients with COVID-19 and normal kid-
ney function (11).

Th e standard assessment and staging of AKI is still 
based on sCr levels and hourly urine output (Kidney 
Disease Improving Global Outcomes /KDIGO/AKI 
guideline) (87). Th e lack of sCr measurements pri-
or to hospital admission oft en impedes the ability to 
identify underlying CKD and creates challengers for 
the reliable detection and staging of AKI, emphasiz-
ing the need to defi ne baseline sCr clearly. To improve 
understanding of the temporal nature of COVID-19 
AKI, physicians must correlate the timing of AKI with 
COVID-19 symptom onset confi rmation of SARS-
CoV-2 infection, hospitalization, disease severity, and 
level of care when reporting AKI rates (11). 

Although urine volume is reported infrequently, 
70% of patients have low urinary sodium concentra-
tions at the time of AKI, and the majority are anuric 
at renal replacement therapy (RRT) initiation (3, 11). 
Urine analysis is frequently abnormal in patients with 
COVID-19 and could be used to characterize AKI in 
these patients. Hirsch et al. report that among 32% of 
hospitalized COVID-19 patients in whom urine anal-
ysis was available, 42.1% had signifi cant proteinuria, 
with hematuria and leukocyturia in 40.9% and 36.5%, 
respectively (88). Examination of urine sediment can 
be an eff ective tool in clinical practice in which more 
than one possible cause of AKI may exist that could af-
fect medical management (e.g., to distinguish pre-re-
nal AKI from ATN). 

Viral factors

Patients with severe disease have also been reported to 
have higher viral RNA levels in respiratory specimens 
than those with milder disease, although some studies 
found no association between respiratory viral RNA 
levels and disease severity. Detection of viral RNA in 
the blood has been associated with severe disease, in-
cluding organ damage (e.g., lung, heart, and kidney), 
coagulopathy, and mortality (58).

Imaging

Th e characteristic chest CT imaging abnormalities 
in COVID-19 are diff use, peripheral ground-glass 
opacities with ill-defi ned margins, air bronchograms, 
smooth or irregular interlobular or septal thickening, 
and thickening of the adjacent pleura (85). Some pa-
tients admitted to the hospital with PCR-confi rmed 
SARS-CoV-2 infection have normal CT imaging fi nd-
ings, whereas in other patients, abnormal chest CT im-
aging fi ndings compatible with COVID-19 occur days 
before detection of SARS-CoV-2 RNA. Rapid evolu-
tion of abnormalities can occur in the fi rst two weeks 
of symptom onset, aft er which they subside gradual-
ly.Chest CT scan remains the most sensitive imaging 
modality in initial diagnosis and management of sus-
pected and confi rmed patients with COVID-19 (89). 
Other diagnostic imaging modalities (e.g., lung ultra-
sound, chest x-ray, or positron emission topography/
computed tomography (PET/CT) scan) could add val-
ue in evaluating disease progression and monitoring 
critically ill patients with COVID-19 (90).

Th e diagnostic criteria and AKI staging is not diff erent 
from AKI in other situations (91-95).

MANAGEMENT OF ACUTE KIDNEY INJURY

Given the high incidence of kidney involvement in 
SARS-CoV-2 infection and the lack of specifi c treat-
ment options, the care strategy for patients with 
COVID-19 in the ICU remains largely supportive. 

In current circumstances, it is essential to reinforce the 
need for close collaboration between intensivists and 
nephrologists. Th e nephrologist should be contacted 
even in the case of a patient with relatively small renal 
impairment, since its involvement in ICU is not limit-
ed to AKI. Kidney involvement in COVID-19 patients 
may precede, be concomitant, or follow other organ 
system failure. Th is situation can require fully com-
petent and trained personnel to implement all ther-
apeutic options for critically ill patients. Th erefore, 
intensivists and nephrologists should discuss all diag-
nostic and therapeutic possibilities in individual pa-



P. Kes
Acute kidney injury in patients with COVID-19: a challenge for nephrologists

Acta Med Croatica, 75 (2021) 3-27

16

tients, taking into account hemodynamic parameters, 
volume status, electrolyte and acid-base disturbances, 
degree of kidney injury, comorbid conditions, and ad-
justment of drug doses. Th is is especially true for pa-
tients with COVID-19 who, according to the KDIGO 
classifi cation of AKI, meet the criteria for stage 2 renal 
impairment. Patients classifi ed as stage 3 have a high 
probability of requiring RRT, which requires an urgent 
call to the nephrologist team.

Non-dialytic management

All patients with AKI need careful assessment of he-
modynamic and volume status using vital signs and 
physical examination. Critically ill patients may bene-
fi t from more invasive hemodynamic monitoring (ar-
terial line, central venous pressure, or cardiac output 
monitoring). Measurement of fractional excretion of 
sodium and urea in urine may be helpful in diagnosing 
decreased kidney perfusion in oligo-anuric patients. 
However, the utility of these diagnostic methods tends 
to be more limited in critically ill adults, likely as a 
result of coexisting pre- and intra-renal disease. Uri-
nary microscopy for renal tubular epithelial cells and 
granular casts may be helpful to make the concomitant 
diagnosis of ATN, which is the most common cause of 
AKI occurring in the hospital. 

Measures to prevent AKI include optimization of vol-
ume status and avoidance of nephrotoxic medications. 
Volume depletion at admission might be common 
in patients with COVID-19, as they typically present 
with fever and pre-hospital fl uid resuscitation is rare-
ly performed. Crystalloids are preferred over colloids 
for most patients, and hydroxyethyl starches should 
be avoided. Patients with reduced renal blood fl ow 
who can augment their cardiac output by expansion of 
their intravascular volume would benefi t from fl uid re-
suscitation (96). Balanced crystalloids should be con-
sidered in patients with hypotension, severe systemic 
infl ammatory response, and elevated sCr on presenta-
tion. Aft er signifi cant volume resuscitation, even if pa-
tients remain volume responsive, vasopressor support 
should be considered to avoid markedly positive fl uid 
balance (97). Escalating dosages of intravenous loop 
diuretics in patients with volume overload, intrave-
nous sodium bicarbonate solution in patients with se-
vere metabolic acidosis, and use of rapid acting potas-
sium binders (e.g., sodium zirconium cyclosilicate) for 
hyperkalemia can potentially delay RRT. Th e potential 
renal benefi t in glucose control was demonstrated, but 
it is certainly necessary to avoid hypo- and hypergly-
cemia (both are associated with increased morbidity 
and mortality in a variety of clinical scenarios) (98) 
(Figure 8).

Fig. 8. Stage-based management of COVID-19 acute kidney injury (AKI).
Th e pathogenesis of AKI in patients with COVID-19 involves direct viral eff ects, indirect eff ects and sequels of disease manage-
ment. Th ere is no specifi c evidence to suggest that COVID-19 AKI should be managed diff erently from other causes of AKI in 
critically ill patients. However, all features of the underlying disease, as well as associated chronic diseases should be considered 
during the treatment of patients with COVID-19 AKI.
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Renal replacement therapy

Timing of RRT initiation in AKI is still controversial 
because multicenter studies in patients with sepsis and 
other causes did not clearly demonstrate benefi t with 
early initiation of dialysis (99). Currently, there are 
no data to support early initiation of RRT in patients 
with COVID-19-associated AKI. Initiation of RRT 
should not be based on the stage of AKI, but should 
be considered when life-threatening complications of 
AKI (e.g., volume overload, acute pulmonary edema, 
severe metabolic acidosis /pH <7.1/, severe hyperka-
liemia /K >6.5 mmol/L/) cannot be treated with con-
servative measures.

Furthermore, it is considered in patients with severe 
COVID-19 who developed AKI of KDIGO standard 
grade ≥2, particularly with sepsis, as well as in patients 
with severe systemic infl ammatory response when the 
serum infl ammatory mediator levels reach more than 
5 times the upper limit of normal or increase more 
than one time within 24 hours (100).

Th e basic principles of RRT for patients with severe 
COVID-19 include the following: 1) removal of met-
abolic products, various infl ammatory mediators and 
balancing of the immune homeostasis; 2) correction 
of electrolyte and acid-base balance disorders to main-
tain internal environment stability; 3) regulation of 
volume and correction of fl uid overload to help main-

tain hemodynamic stability in critically ill patients; 4) 
control of high fever; and 5) combined RRT treatment 
with extracorporeal organ support (ECOS).

Prescribing blood purifi cation treatment for patients 
with severe COVID-19 must be goal-oriented. Th e 
specifi c contents include the choice of blood purifi -
cation treatment mode, vascular access, selection of 
blood purifi cation fi lters, selection of anticoagulant, 
treatment dose, and initial parameter settings (Figure 
9). In the face of shortage of RRT machines and med-
ical staff  capable to provide therapy, institutions had 
to adjust standard treatment practice. Higher dialysate 
fl ow rates were used in continuous renal replacement 
therapy (CRRT) modalities when treatment time was 
decreased. In order to place hemodialysis (HD), CRR-
Tor HT machines outside patient rooms and minimize 
exposure to SARS-CoV-2 for physicians and nurses, 
an additional extension tubing was used. However, 
extension tubing increases circuit length and thus car-
ries a risk of blood loss, hypothermia, and thrombosis. 
Th erefore, appropriate warming systems should be im-
plemented. Video monitors can help nurses supervise 
dialysis process without entering patient room. Iso-
lated slow continuous ultrafi ltration (SCUF) sessions 
were implemented in-between treatments for volume 
management. IHD treatment time and frequency were 
decreased if metabolic derangements and volume sta-
tus would permit.

Fig. 9. Prescribing blood purifi cation treatment for critically ill COVID-19 patients with acute kidney injury.
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Continuous renal replacement therapy

In COVID-19 patients with refractory fl uid overload 
and/or marked hemodynamic instability, there is a 
strong physiologic rationale for initial support with 
CRRT to off er greater hemodynamic tolerance, con-
sistency in ultrafi ltration (UF), and less osmotic and 
metabolic fl uctuations (87, 99). Depending on the 
mechanism of clearance, CRRT can be delivered as 
continuous veno-venous hemodialysis (CVVHD), 
continuous veno-venous hemofi ltration (CVVH), 
and continuous veno-venous hemo-diafi ltration (CV-
VHDF). CVVHDF (convective clearance) is not su-
perior to CVVHD (diff usive clearance). In fact, CV-
VHDF may be associated with higher rates of fi lter 
clotting due to higher fi ltration fraction. 

When the main purpose is to remove infl ammatory 
mediators in patients with severe COVID-19 and cy-
tokine storm, it may be recommended to use high vol-
ume hemofi ltration (HVHF), high cutoff  molecular 
weight hemofi ltration, or continuous plasma fi ltration 
absorption (CPFA) (100, 101). In patients with severe 
SARS-CoV-2 infection combined with simple volume 
overload and acute pulmonary edema, slow contin-
uous ultrafi ltration (SCUF) is recommended (99).
When severe COVID-19 coexists with ARDS, CRRT 
with extracorporeal membrane oxygenation (ECMO), 
or extracorporeal CO2 removal (ECC2R) can be rec-
ommended.

Prolonged intermittent hemodialysis (hybrid therapy)
Alternatively, forms of prolonged (hybrid therapy, 
HT) and conventional intermittent RRT have an im-
portant complementary role in the support of critical-
ly ill patients with COVID-19 infection. Th ese patients 
may frequently require mobilization and pronation to 
improve pulmonary gas exchange. In these circum-
stances, treatments of 8 to 12 hours may represent a 
good compromise between CRRT and intermittent 
hemodialysis (IHD) (102). 

Hybrid dialysis modality is increasingly used in criti-
cally ill patients since it allows to maintain acceptable 
hemodynamic stability and to overcome the increased 
clotting risk of the extracorporeal circuit, especially 
when regional citrate anticoagulation (RCA) protocols 
are applied. HT can be performed either with CRRT, 
IHD or hybrid therapy device (GENIUS®, Fresenius 
Medical Care, Bad Homburg, Germany), providing 
adequate daily treatment dose in less time compared 
with CRRT, thus optimizing the oft en limited available 
resources in the overcrowded clinical context of SARS-
CoV-2 in the ICUs. Notably, given the mainly diff u-
sive mechanism of solute transport, HT is associated 
with lower stress on both hemofi lter and blood cells as 
compared to convective RRT modalities. Finally, RCA, 

as compared with heparin-based protocols, does not 
further increase the already high hemorrhagic risk of 
patients with AKI. Based on these premises, Di Mario 
et al. performed a pilot study on the clinical manage-
ment of critically ill patients with COVID-19 associ-
ated AKI who underwent HT with a simplifi ed RCA 
protocol. Low circuit clotting rates were observed and 
adequate RRT duration was achieved in most cases, 
without any relevant metabolic complication or wors-
ening of hemodynamic status (103).

Intermittent hemodialysis

Intermittent hemodialysis is a traditional modality 
for providing RRT in hemodynamically stable pa-
tients. It may be employed as a second-line option for 
COVID-19 patients with AKI. In patients with ARDS 
who require prone positioning, IHD needs a coordi-
nated protocol to provide adequate ventilator support 
in the prone position and HD therapy in the supine 
position. A synchronized team approach should be 
implemented to coordinate and maintain the safety of 
vascular access during prone positioning (104).

Potential practice change in a setting of COVID-19 
AKI surge is to decrease treatment time and frequency 
(e.g., two times per week) to optimize medical sup-
plies and decrease medical staff  exposure to SARS-
CoV-2 infection (105). Consideration for patient 
safety should be paramount when implementing any 
resource conservation and exposure reduction mea-
sures. Patients should be carefully monitored for man-
ifestations of inadequate dialysis.

Providing IHD to a patient with COVID-19 may re-
quire one-on-one dialysis nursing support, whether 
in the ICU or on the general hospital fl oor. Strategies 
proposed to conserve human and material resources, 
and decreased exposure includes decreasing duration 
of treatments, decreasing frequency of IHD to twice 
a week, and tele-monitoring (e.g., use of monitors or 
tablets to visualize patients from outside the room). 

Peritoneal dialysis

Experiences from resource-limited countries have 
shown adequate metabolic and fl uid control with acute 
peritoneal dialysis (PD) in AKI.  Under usual circum-
stances, acute PD is used in adult patients with AKI be-
cause regulation of UF and metabolic control is superior 
with CRRT in patients who are hemodynamically un-
stable. However, owing to acute surge during the pan-
demic, acute PD and continuous automated peritoneal 
dialysis (CAPD) have been implemented in hospitals 
because of shortage in extracorporeal RRT consum-
ables, fl uids, and nursing. Bedside catheter placement of 
a cuff ed PD catheter is preferred for critically ill patients. 
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In the COVID-19 crisis, CAPD would be a preferred 
modality because it minimizes the number of connec-
tions and disconnections. Automated cycler use and 
extension tubing to keep device outside the patient 
room may limit exposure of healthcare staff . An av-
erage-sized adult can usually tolerate 2-L exchanges, 
but reduced volume should be considered for the ini-
tial few exchanges to decrease the risk of peri-catheter 
leaks. To maximize effi  ciency of acute PD, an exchange 
time of 1-2 hours should be used. Assuming a 2-L ex-
change volume with 60-minute exchange time, UF of 
about 1.2-3.6  L/day can  be  achieved with 1.5%, 2.4-
7.2 L/day with 2.5%, and 7.2-9.6 L/day with 4.25%. As 
such, for patients with severe pulmonary edema, ini-
tial rapid in-out exchanges using 4.25% can be consid-
ered (105). Th e recommendation of weekly Kt/V urea 
is 3.5 (which provides results comparable to those of 
daily HD). Th is dose may not be necessary for all pa-
tients, and a lower goal of weekly Kt/V about 2.1 may 
be acceptable (106, 107). 

Peritoneal dialysis can increase intra-abdominal pres-
sure, interfere with respiratory mechanics, and may 
theoretically worsen respiratory failure, particularly 
in mechanically ventilated patients. Th erefore, expert 
recommendations mention that PD can be started 
early, before patients develop ARDS. However, when 
ARDS occurs, PD should not be used as the fi rst op-
tion for RRT (except when other options such as IHD, 
HT and CRRT are not available) (106). In patients re-
quiring prone positioning, PD may not be feasible. 

Vascular access

Appropriate central venous access is imperative to 
provide suffi  cient blood fl ows during RRT. Hemodi-
alysis catheter length for adults according to the vein 
puncture site (15-18 cm for right internal jugular, 18-
20 cm for left  internal jugular, 24-28 cm for femoral, 
15-18 cm for right subclavian, 20-24 cm for left  sub-
clavian) and location must be carefully selected, as 
inappropriate catheter length can lead to inadequate 
blood fl ow that leads to increased fi lter clotting. Th e 
right internal jugular vein is the preferred access for 
RRT as it off ers a direct path for the catheter tip to be 
placed at the junction of the superior vena cava and 
right atrium. Th ere is some controversy whether the 
second choice should be the left  internal jugular or the 
femoral vein. Th e femoral vein site may be associated 
with a higher risk of infections and blood fl ow may be 
aff ected in patients who need to be in the prone posi-
tion for ventilation. Th e left  internal jugular vein can 
provide inadequate blood fl ow (especially when short-
er catheters are inadvertently placed) (108). Vascular 
access via the subclavian vein is not recommended. If 
possible, ultrasound guidance should be used when 
placing the central venous catheters.

Blood purifi cation fi lters

Th e choice of fi lter depends on the method of blood 
purifi cation. Filters with synthetic biocompatible 
membrane and a high ultrafi ltration coeffi  cient are 
generally used to perform CRRT. Filters with absorp-
tion properties (e.g., oXiris membrane, AN69ST) or 
hemofi lters with super high-fl ux (SHF) or high cut-
off  (HCO) membranes should be selected to remove 
infl ammatory mediators. Th e SHF/HCO membranes 
also restore immune cell function, attenuate hemo-
dynamic instability, decrease plasma IL-6 levels, and 
eliminate larger late-phase infl ammatory mediators 
with acceptable albumin losses (109).

When performing plasma replacement and blood/
plasma absorption, the corresponding plasma fi lter, 
blood perfusion device, or absorber can be selected 
depending on the procedure to be applied.

Anticoagulation

Th ere is growing evidence for endothelial activation 
causing a hypercoagulable state, leading to a higher in-
cidence of thrombotic complications in patients with 
COVID-19 (49-52). In addition to deep vein throm-
bosis, pulmonary embolism and ischemic stroke, clot-
ting of extracorporeal circuits is a major concern, as 
it decreases dialysis fi lter and extracorporeal circuit 
lifespan. Despite disparities in outcome among indi-
vidual anticoagulation strategies, it is an undisputed 
fact that circuits without anticoagulation tend to per-
form poorly in COVID-19 patients with AKI, when 
compared to anticoagulated systems. Th e bleeding 
risk of each individual patient needs to be considered 
prior and during the implementation of any anticoag-
ulation options summarized in Table 2, given that an-
ticoagulation (especially when systemic) may increase 
the propensity for bleeding (105, 110).
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Table 2.
Anticoagulation strategies for kidney replacement therapy in COVID-19 patients with acute kidney injury

Anticoagulant Dose Remarks

Pre-fi lter unfractionated heparin

Loading dose: 2.000-5.000 units
Maintenance: 10-15 units/kg/h
Check PTT: 2-4 h after initiation
Target: 5-s increase

Anticoagulation is intended for the circuit, not for the patient 
Higher risk of circuit clotting in high-risk patients

Systemic unfractionated heparin
Loading dose: 50-80 units/kg
Maintenance: continuous drip at 18-20 units/kg/h
Target PTT: 80-100

Protocols may vary. Higher risk of bleeding when comparted to 
pre-fi lter heparin
Increased risk of HIT and heparin resistance 
Short half-life

Systemic low-molecular-weight heparin
Dose may be variable, and single pre-dialysis dose 
may be suffi cient

Risk of accumulation in kidney failure 
Monitoring requires anti-Factor Xa
Reduced risk of HIT

Regional citrate anticoagulation No universal protocol

Requires institutional commitment 
Better safety profi le than heparin 
Risk of overdose, metabolic acidosis, and hypocalcemia 
Increased monitoring of iCa and titration of CaCl

Argatroban

0.5 mcg/kg/min if normal liver function
0.2-0.25 mcg/kg/min in patients with liver dysfunction
Target PTT: two times the normal value and titrate 
based on institutional protocol

Variable institutional protocols
Dose different for those with and without liver dysfunction 
Use if HIT

PTT, partial thromboplastin time; HIT, heparin induced thrombocytopenia; iCa, ionized calcium; CaCl, calcium chloride

Renal replacement therapy dose

Th e dose of RRT should be based on KDIGO recom-
mendations and adjusted in response to changes in clin-
ical, physiologic and/or metabolic status (87). Th e stan-
dard recommended dose for CRRT is delivered effl  uent 
fl ow rate of 20-25 mL/kg/h (prescribed dose of 25-30 
mL/kg/h). Th e minimum weekly dose of IHD and HT is 
three times per week (alternative days). Interruption of 
prolonged RRT modality (CRRT, IHD or HT) sessions 
due to circuit clotting can have a substantial impact on 
the actual delivered dose and the dose may therefore 
need to be adjusted to account for this disruption. Acute 
PD might also be an eff ective option for patients who 
are unable to receive anticoagulants. Th e recommenda-
tion of weekly Kt/V urea is 3.5, but a lower goal of week-
ly Kt/V about 2.1 may be acceptable (11).

In case of the increased need for RRT or shortages of 
CRRT, IHD or HT devices, as well as shortages of con-
sumable medical materials, it is possible to reduce the 
dose of dialysis. In that case, it is necessary to make 
appropriate adjustments in fl uid removal targets and 
RRT dose to achieve appropriate fl uid balance targets 
and metabolic control (e.g., increase ineffl  uent dose).

Extracorporeal organ support

Th e majority of patients with COVID-19 admitted to 
the ICU have bilateral pneumonia with single-organ 
failure and consequent refractory hypoxemia. Oth-
er patients with SARS-CoV-2 infection suff er from 
signifi cant derangement of the immune system, pro-
ducing multisystem infl ammatory syndrome, ARDS, 

sepsis, condition similar to DIC, rhabdomyolysis and 
damage to or failure of various organ systems. Severe 
AKI occurs mostly in the context of MOF. In such 
circumstances, RRT alone is usually not enough, but 
the function of several organs needs to be replaced at 
the same time. Extracorporeal organ support encom-
passes all forms of organ support by an extracorpore-
al circuit (e.g., RRT, ECMO, ECC2R, hemoperfusion, 
high-volume HVHF, CPFA, therapeutic plasma ex-
change /TPE/, various blood purifi cation devices, ven-
tricular assist devices and extracorporeal liver support 
system) (99-101). In COVID-19 patients, recent plat-
forms allow circuit adjustment to perform diff erent 
ECOS techniques besides RRT. 

Lung-protective ventilation and ECOS are the current 
standard of care for COVID-19 patients with ARDS. 
Th is approach can limit ventilation-induced lung inju-
ry, but it may be associated with respiratory acidosis and 
insuffi  cient correction of hypercapnia (44).Th e tech-
nique of ECCO2R has been introduced for hypercap-
nic respiratory failure not requiring signifi cant oxygen 
support. Th e eff ective amount of extracorporeal CO2 
removal from patients depends on blood fl ow. Studies 
have shown progressive CO2 removal until blood fl ow 
of 800-1,000 mL/min where the ceiling is reached. Low 
blood fl ow ECCO2R devices (<0.5 L/min) achieve par-
tial CO2 removal (111).To date, several ECCO2R devic-
es are available that can be used in conjunction with 
RRT hardware using variable blood fl ows. Th is may be 
particularly appealing in patients with ARDS and con-
comitant AKI, where compensatory renal mechanisms 
are less eff ective in regulating acid-base homeostasis 
during hypercapnic acidosis (111).
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Lung and cardiac injury with COVID-19 can lead to 
hypoxia and decreased kidney perfusion, which in 
turn can lead to kidney medullary hypoxia and car-
dio-renal syndrome. Th erefore, treatment of MOF in 
critically ill patients with COVID-19 may necessitate 
ECOS, including RRT, ECMO, and a left  ventricular 
assist device (LVAD). Supporting the heart and lung in 
these conditions using LVAD and ECMO can poten-
tially help with kidney perfusion (104). Direct hemo-
perfusion using a macro-porous sorbent has been sug-
gested as a treatment to adsorb and remove circulating 
cytokines and prevent cytokine release syndrome 
(CRS)-induced end-organ damage (112). All these 
modalities can be used in conjunction with CRRT to 
help manage the MOF commonly seen in critically ill 
patients with COVID-19 (Table 3, Figure 10).

Table 3.
Pathophysiology of AKI and treatment strategies in 

COVID-19

Etiology Pathophysiology Treatment strategy

Systemic effects

Positive fl uid balance
Renal compartment 
syndrome

Diuretics, SCUF

Endothelial damage, 
third-space fl uid loss, 
hypotension

Renal hypoperfusion
Fluid expansion, 
vasopressors

Rhabdomyolysis Tubular toxicity
CRRT using MCO or HCO 
membrane 

Endotoxins Septic AKI

Endotoxin removal 
using polystyrene fi bers 
functionalized with 
polymyxin-B

Cytokine 
overproduction
Cytokine release 
syndrome

Direct cytokine injury

Cytokine removal using 
various approaches: high 
dose CRRT with MCO and 
HCO membranes; CRRT 
with hollow fi ber fi lters with 
adsorptive properties; direct 
hemoperfusion using a 
neutro-microporous sorbent; 
plasma adsorptiom on resin 
after separation from whole 
blood

Increased cytokine 
generation owing 
to ECMO, invasive 
mechanical 
ventilation and/or 
CRRT

Hemophagotic 
syndrome

Organ crosstalk

Viral myocarditis and/
or cardiomyopathy

Cardiorenal syndrome 
type 1

LVAD, arteriovenous ECMO

Alveolar damage
Renal medullary 
hypoxia

Rhabdomyolysis Tubular toxicity
CRRT using MCO or HCO 
membrane

High peak airway 
pressure and 
intra-abdominal 
hypertension

Renal compartment 
syndrome

Venovenous ECMO, 
extracorporeal CO2

removal, CRRT

AKI, acute kidney injury; CRRT, continuous renal replacement 
therapy; ECMO, extracorporeal membrane oxygenation; HCO, 
high cut-off ; LVAD, left  ventricular assist device; MCO, medium 
cut-off 

Although bacterial sepsis is not a common feature in 
COVID-19 patients, the immune response to SARS-
CoV-2 may lead in some patients to severe CRS with 
consequent organ dysfunction or even MOF. Th us, 
life-threatening organ dysfunction caused by a dysreg-
ulated host response to infection depends not only on 
systemic infl ammation due to innate immunity but also 
on the possible severe immunosuppression due to adap-
tive immunity (111). In case of COVID-19 infection and 
CRS, with superimposed gram-negative bacterial in-
fections, hemoperfusion with polymyxin-B (PMX-HP, 
Toraymyxin, Japan) should be used for two consecutive 
days, followed by the methods of cytokine adsorption 
(CytoSorb, Cytosorbents, USA or oXiris, Baxter, USA), 
and if organ support is required, CRRT should be im-
plemented in conjunction or aft erwards (105, 111-113). 

Cascade hemofi ltration, HVHF, TPE, hemoperfusion, 
CPFA, high-adsorption hemofi ltration, as well as HCO 
or medium cut-off  (MCO) membranes have been pro-
posed based on the pathophysiologic rationale of cyto-
kine and chemical mediator removal and/or modulation 
of the infl ammatory response to sepsis. Th is removal 
may result in a decrease of the peaks of cytokine con-
centrations and/or modifi cation of the cytokine/chemo-
kine ratio from the tissues to the blood, positively af-
fecting the leukocyte traffi  cking. However, it should be 
taken into account that patients are not homogeneous in 
terms of their infl ammatory phenotype and have wide-
ly varying levels of cytokines in their blood. Th erefore, 
these procedures may not help all patients. Unfortu-
nately, specifi c criteria have not yet been defi ned.

It has been suggested that the use of ECOS (e.g., in-
vasive mechanical ventilation and ECMO) may fur-
ther stimulate infl ammatory response involved in the 
lung-kidney and heart-kidney interaction. Conse-
quently, more than 70% of patients receiving ECMO 
develop AKI, and the majority are treated with RRT 
(114). Th ere are multiple reasons for AKI in patients 
who need ECMO; the exact contribution from ECMO 
support per se is unknown. Th e potential contributing 
factors may be infl ammatory reactions in response to 
contact with artifi cial membrane, hemolysis and iat-
rogenic plaque rupture during arterial cannulation, 
and cannula malposition leading to kidney congestion 
(111). Th erefore, the interaction between diff erent 
types of ECOS support needs to be considered. 
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OUTCOME

Although the reported incidence of AKI among hos-
pitalized patients with COVID-19 varies widely, re-
cent studies from the EU and USA have suggested an 
incidence of up to 40% (78, 88, 115). Evaluation and 
treatment of AKI in COVID-19 patients are  similar 
to AKI in non-COVID-19 patients, with supportive 
measures being the cornerstone of management.AKI 
among hospitalized patients is associated with poor 

prognosis, increased length of stay, and increased he-
alth care costs. Patients who survive AKI appear to be 
at an increased risk of death and incident CKD or even 
end-stage renal disease (ESRD) (116, 117) (Figure 11).

Regardless of the need for dialysis or recovery of kid-
ney function at discharge, hospitalized patients with 
COVID-19 who experience any form of AKI should 
probably be followed up closely aft er discharge to as-
sess the ongoing kidney function.

Fig. 10. Potential extracorporeal blood purifi cation treatment optionsbased on underlying COVID-19 pathophysiology.
Extracorporeal blood purifi cation (EBP) has been proposed as a possible adjuvant therapy for critically ill patients with CO-
VID-19, considering that removal of circulating immunomodulatory factors that might contribute to disease processes and/
or development of MOF, might improve outcomes. MOF in COVID-19 might result from propagation of an uncontrolled 
host immune response involving the release of various immune mediators such as cytokines, DAMPs and PAMPs, endothelial 
dysfunction, and hypercoagulability (11). Th e benefi ts and adverse eff ects of EBP in patients with COVID-19 have not been 
formally studied. Th erefore, patients in whom EBP is being considered need to be selected carefully. If used, EBP therapies sho-
uld be selected on the basis of the pathophysiology they are designed to target. Numerous clinical criteria (body temperature, 
hemodynamic status, need for vasopressor support, respiratory status and oxygenation, multiorgan failure score, cardiac and 
kidney function), as well as laboratory parameters (lymphocyte count, concentration of cytokines, ferritin, LDH, D-dimers, 
monocytic expression of HLA, myoglobin, troponin, CRP, endotoxin activity, procalcitonin and culture results) may be use-
ful in evaluating the suitability of a patient for initiation of EBP (11, 13, 15). Th e precise indication for EBP in patients with 
COVID-19 remains to be determined. Th ere are limited data regarding the timing of initiation or duration of using EBP, and 
further researches are needed.
AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; DAMPs, 
damage-associated molecular patterns; EBP, extracorporeal blood purifi cation; HCO, high cut-off ; HP, hemoperfusion; LDH, lactate dehydro-
genase; MCO, medium cut-off ; MOF, multiorgan failure; PAMPs, pathogen-associated molecular patterns; RRT, renal replacement therapy; 
TPE, therapeutic plasma exchange.
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Akutno oštećenje bubrega (AOB) čest je nalaz u bolesnika s korona-virusnom bolešću 2019 (COVID-CoV-19), a povezano 
je s dugotrajnim bolničkim liječenjem, češćim prijmom bolesnika na odjel intenzivne skrbi i većom smrtnosti u usporedbi 
s bolesnicima s COVID-19 bez bolesti bubrega. Štoviše, stopa smrtnosti je izravno proporcionalna težini AOB-a. Patofi zi-
ologija AOB-a u bolesnika s COVID-19 posljedica je različitih specifi čnih i nespecifi čnih uzročnika. Mehanizmi specifi čni 
za COVID-19 su izravna stanična ozljeda zbog ulaska virusa u stanice putem ACE-2 receptora (koji su jako izraženi u bu-
brezima), neuravnoteženosti sustava renin-angiotenzin-aldosteron, teškim oštećenjem dišnog sustava i otpuštanja prou-
palnih citokina izazvanog teškom akutnom infekcijom koronavirusom 2 (SARS-CoV-2), koagulopatijom, mikroangiopatijom 
i kolapsnom glomerulopatijom. Nespecifi čni mehanizmi uključuju hemodinamske poremećaje, visoku razinu pozitivnog 
tlaka na kraju izdisaja u bolesnika kojima je potrebna mehanička ventilacija, sepsu, hipovolemiju, rabdomiolizu i primjenu 
nefrotoksičnih lijekova. Danas još ne znamo dovoljno o prevenciji i liječenju COVID-19. Terapijske mjere AOB-a u bolesnika 
s COVID-19 uključuju opće postupke i farmakološku terapiju COVID-19 s ciljem da se poprave poremećaji u hemodinamici 
i volumenu tjelesnih tekućina, nadomještanje bubrežne funkcije i uporabu uređaja za potporu drugim organskim sustavi-
ma. Dugoročna prognoza je zasad nepoznata. Međutim, može se s velikom vjerojatnosti pretpostaviti da će prognoza biti 
povezana s etiologijom AOB-a. Bolesnici s tromboembolijskim komplikacijama i kolapsnom glomerulopatijom mogu razviti 
teži stadij kronične bolesti bubrega u usporedbi s onima koji imaju drugu vrstu oštećenja bubrega (npr. akutni tubulointer-
sticijski nefritis). Rezultati ranih istraživanja upućuju na to da će oko trećine bolesnika koji prežive AOB uzrokovan bolešću 
COVID-19 ostati ovisni o dijalizi.

Ključne riječi: sindrom akutnog respiratornog distresa, akutno oštećenje bubrega, receptor enzima konvertaze angiotenzina 
2, COVID-19, sindrom otpuštanja citokina, izvantjelesna potpora organima, nadomještanje bubrežne funkcije, 
SARS-CoV-2

S A Ž E TA K

AKUTNO OŠTEĆENJE BUBREGA U BOLESNIKA S COVID-19: IZAZOV ZA NEFROLOGE

P. KES1,2
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