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fection varied during the pandemic depending on the type of muta-

Abstract
COVID-19 infection is currently one of the most discussed medical
and socio-economic issues. Generally, it manifests as pneumonia.
However, there is a growing body of evidence of multi-organ damage. Manifestations of kidney involvement associated with infection
of the severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) virus include proteinuria, hematuria, and acute kidney
injury (AKI). The presence of AKI negatively affects the prognosis
and mortality rate of this infection. The pathogenesis of AKI associated with COVID-19 infection is complex and include the direct
and indirect mechanism of renal damage by the virus. Identifying
risk factors for AKI development associated with COVID-19 can
contribute to improved management as well as patient prognosis.

tion and vaccination status [4, 5, 6, 7]. Early published reports from
China of hospitalized patients with COVID-19 reported rates of AKI
at 5 - 29% [8, 9, 10, 11, 12, 13, 14, 15]. In contrast, the rates of AKI
among patients hospitalized during the first COVID-19 wave in the
United States were substantially higher ranging from 32 to 57% overall, with 9 – 20% developing AKI requiring renal replacement therapy
(AKI-RRT) [5, 16, 17]. The patients with COVID-19 infections also
had an increased need for RRT, intensive care unit (ICU admission),
and mechanical ventilation and they experienced higher rate in-hospital mortality [17]. Published rates of AKI in European cohorts have
been similarly high (26%) [18] and smaller European cohorts of ICU
patients with COVID-19 have been reported with AKI rates ranging
between 50 and 80% [19, 20]. In the recent publicated COVID-19 co-
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horts in 15 – 30% of hospitalized patients were developed AKI [5, 6].

pathogenesis, mortality

This is consistent with the data of the international meta-analyzes in
which were found a pooled prevalence of AKI in 17% (0.5 – 80.30%)

Introduction
Coronavirus disease (COVID-19) is an infection that has been one of
the most frequently discussed medical as a socio-economic issues over
the past two years. Common risk factors for COVID-19 infection and
its severe course include age, race, male gender, chronic lung disease,
cardiovascular disease (CVD), diabetes mellitus (DM), immunodeficiency, kidney and liver disease, obesity/overweight, smoking and
polypharmacy [1, 2].
The most common manifestation, that directly threatens the patient´s
life, is pneumonia. Unfortunately, the lungs are not the only affected
organ, but there are currently increasing data on damage to other organs/systems, such as the kidneys, liver, gastrointestinal tract, heart,
central nervous system, and bone marrow, which can also adversely
affect the course and prognosis of the disease [3].

Manifestations of kidney involvement associated with infection of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus
include proteinuria, hematuria, and acute kidney injury (AKI).
Published studies show that AKI that is complicating COVID-19 in*Corresponding Author: Katarina Gazdikova, MD., PhD., Ass. Prof.
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when considering only ICU patients, with AKI-RRT rates of 5 - 9%
among all hospitalized patients and 19% among ICU patients [21, 22].
The results of study of Sabaghian et al. [23] demonstrated that 69%
of COVID-19 infected patients had AKI during admission and 27.9%
exhibited AKI after being admitted.
Notably, AKI appears to disproportionately affect racial and ethnic
minorities [5, 17, 24, 25]. A significant risk factor for AKI in COVID-19 infected patients is also male gender [26, 23]. Incidence of AKI
in men with COVID-19 is significantly higher than in women with
COVID-19. For instance, in one study, the number of male COVID-19
patients with AKI was 34 times higher than that of women (1608 vs
47) [5].
Higher prevalence of AKI were published in the hospitalized kidney
transplant recipients and in the patients required hemodialysis (48%

Prevalence of AKI in COVID-19 infection
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of all patients and 28% of hospitalized patients, a rate that rose to 45%
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and 22%, respectively) [25].
The presence of AKI during COVID-19 infection is clearly an adverse
factor associated with poor prognosis and an increased mortality rate
[27, 28, 29].
Chan et al. [29] found 50% mortality in the patients with AKI compared to 8% in patients without AKI. In critically ill patients with AKI
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requiring RRT 55% mortality was recorded and, when necessary, mechanical ventilation deemed exceeded 70% [16, 29, 30].
Pathophysiology of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) virus infection
The binding of SARS-CoV-2 to the cellular angiotensin converting enzyme 2 (ACE2) receptor [31] is responsible for multi-organ tropism,
via the cell´s transmembrane spike (S) glycoprotein, which consists
of two subunits. The S1 subunit is responsible for binding to the host

Table 1: Potential mechanisms of renal damage in SARS-CoV2
infection. (adjusted according to [35])
Components of SARSCoV-2
Cytopathic effect of replication virus
Renin-angiotensinaldosteron system abnormalities

cell receptor, and S2 enables the fusion of the viral membrane with the
infected cell membrane [32]. The co-expression of angiotensin converting enzyme 2 (ACE2) with the transmembrane serine protease 2

Ischemic injury

(TMPRSS), whose proteolytic activation is required by the spike glycoprotein, is crucial for SARS-CoV-2’s entry into the host cells [33].
SARS-CoV-2 in the cytosol of an infected cell begins the translation of

Rabdomyolysis

its ribonucleic acid (RNA) and virion synthesis. Genome replication
occurs in the endoplasmic reticulum (ER) and Golgi complex vesicles.
Cells expressing ACE2 messenger RNA (mRNA) in the kidney are
epithelial cells in the proximal tubules and podocytes, which can lead
to the acute tubular necrosis, endothelial damage, and mitochondrial
dysfunction.
Kidneys and COVID-19 infection
The kidneys are among the organs that can fail due to COVID-19 infection. Non-acute damages (such as proteinuria or hematuria without
renal failure) or acute injuries (such as AKI) are some instances of
SARS-CoV-2 infection impacts on kidneys [34, 33].
The pathogenesis of renal damage involves the direct mechanisms of
the virus leading to the collapsing glomerulopathy, endothelial damage and activation of coagulation, the renin-angiotensin system and
complement, and inflammation, as well as indirect mechanisms due to
systemic reactions to viral infection, or the effect of the virus on other
distant organs. Significant role in kidney damage play crosstalk (type I
cardiorenal syndrome) damage [33, 35, 34, 4]. The severity of the disease is also determined by non-specific factors of critically ill patients,
such as artificial ventilation, hypoxia, hypotension, hypovolemia, fever
or sepsis, diarrhea, low cardiac output, and nephrotoxic drugs [4]. The
most common manifestations of the renal impairment include AKI,
hematuria, and proteinuria [36].
The potential mechanisms of renal damage from SARS-CoV-2 infection are shown in Table 1.
Acute kidney injury risk factors in COVID-19 infected patients
Risk factors for the development of AKI in patients with COVID-19
infection include demographic risk factors, admission factors, and
hospitalization-related factors. Demographic factors include older
age, male gender, comorbidities as DM, hypertension (HTN), cardiovascular disease (CVD), congestive heart failure (CHF), heart diseases
with changes in the electrocardiogram (ECG; ST segment, T wave, QT
interval), overweight/obesity, chronic kidney disease (CKD), renal
transplantation, liver disease, immunodeficiency (cancer patients, use
of immunosuppressants), smoking, and genetic factors - ACE2 polymorphism and the L1 apolipoprotein risk variant (risk of COVID-19
associated nephropathy COVAN) [37].
Volume 2 | Issue 3 | 2022

Microthrombi
Hyperinflammation

Mechanism of kidney damage
Immune-mediate tissue damage
Glomerulopathy
Tubular injury
Polymorphism in ACE2
Proinflammatory properties of upregulated
AGII
Upregulation/downregulation of ACE2
Septic shock and inflammation
Hypoxia
Hypercapnia
Mechanical ventilation
Medullary vasoconstriction, intrarenal hypoxia
and damage of renal cells by reactive oxygen
species
Inflammatory infiltrations, obstructions and
subsequent hypoxia
Cytokine storm
Compelment activation

ACE2 - angiotensin-converting enzyme 2; AGII – angiotensin II;
SARS-CoV-2, severe acute respiratory virus-2
Notably, AKI appears to disproportionately affect racial and ethnic minorities [5, 17, 24, 25]. The next risk factor for AKI in COVID infected
patients is male gender [26, 23]. In the study of Bowe at al. [5] the
number of male COVID-19 patients with AKI was 34-times higher
than that of women (1608 vs 47).
Risk factors already present at the admission include the severity of
the COVID-19 infection, the degree of viremia, respiratory status,
the presence of non-respiratory organ manifestations, e.g., diarrhea,
leukocytosis, lymphopenia, elevated inflammatory markers, e.g., ferritin, high sensitivity C-reactive protein (hsCRP), D-dimer, hypovolemia/dehydration, rhabdomyolysis, drug use (angiotensin-converting
enzyme inhibitors /ACEI/ or angiotensin receptor blockers, statins,
non-steroidal anti-inflammatory drugs /NSAID/). Potential risk factors associated with hospitalization include nephrotoxins (drugs, contrast agents), the need for oxygen treatment - non-invasive positive
lung ventilation, mechanical ventilation, high positive end-expiratory
pressure (fluid overload/hypovolemia) and other characteristics of the
critical condition - the need for hospitalization in the ICU, the need
for vasopressors, acute distress syndrome [38, 37]. On the other hand
the results of Sabaghian et al. [23] study demonstrated that 69% of
COVID-19 infected patients had AKI during admission and 27.9%
exhibited AKI after being admitted. This consequence shows that drug
administration, while patients were admitted, is not an important factor in AKI incidence.
According to Hansrivijit et al. [37] prerenal factors play a key role in
the admission of patients with COVID-19 infection, while intrinsic
(internal, renal) causes associated with being male, a higher stage AKI
(grade 3), a higher basal creatinine value and its high peak, and high
serum urea levels play a role in the development of AKI during hospitalization and in patients requiring repletion therapy (RRT). The
presence of AKI, whether due to the prerenal or the renal causes, is
associated with a high mortality rate.
Sabaghian et al. [23] in the large a complete and comprehensive survey
2

study focused on reviewing original articles and case reports indexed

thrombocytosis,

in various databases such as PubMed/Medline, Embase, and WoS

- elevated inflammatory markers - ferritin, interleukin-2R (IL-2R), IL-

demonstrated that COVID-19 infected patients with AKI in compari-

6, hsCRP, lactate dehydrogenase, procalcitonin,

son to non-AKI patients had a higher rate of other underlying dis-

- vitamin D deficiency,

eases such as CVD (22.2% vs 16.9%), CHF (9.3% vs 7.7%), history of

- elevated coagulation markers - D-dimer,

hyperlipidemia (48.7% vs 38.7%), history of CKD (24.2% vs 11.0%),

- renal parameters - elevated creatinine and urea, decreased glomeru-

tumor history (11.1% vs 9.4%), respectively. Arrhythmia with a rate

lar filtration.

of 91.6% in patients in the AKI group and 11.3% in non-AKI patients

A summary of the risk factors for AKI associated with COVID-19 in-

had the highest variance between these groups. However, the smok-

fection is shown in Figure 1 [39].

ing rate and chronic obstructive pulmonary disease (COPD)/ asthma
incidence were not significantly different between the two groups, and

Pathophysiology of the AKI in patients with COVID-19 infection

even the asthma rate was higher in non-AKI patients than in AKI pa-

The SARS-CoV-2-induced kidney damage is expected to be multifac-

tients.

torial which may be due to its direct and indirect effects.

The outcomes of Sabaghian et al. [23] review determined two underly-

Directly it can infect the kidney podocytes and proximal tubular cells

ing diseases DM and HTN, as a two major risk factors for AKI occur-

and based on an ACE2 pathway it can lead to the acute tubular necro-

rence in COVID-19 patients; 40% of patients in the AKI group and

sis, protein leakage in Bowman's capsule, collapsing glomerulopathy

only 29.5% of patients in the non-AKI group had DM. The HTN rate

and mitochondrial impairment. The SARS-CoV-2-driven dysregula-

was 72.8 in AKI patients and 52.1 in non-AKI patients. These results

tion of the immune responses including cytokine storm, macrophage

confirm that both HTN and DM factors are very influential in AKI

activation syndrome, and lymphopenia can be other causes of the

incidence.

AKI. Organ interactions, endothelial dysfunction, hypercoagulability,

In the meta-analysis hospitalized kidney transplant recipients was

rhabdomyolysis, and sepsis are other potential mechanisms of AKI.

much higher prevalence of AKI and hemodialysis requirement (48%

Moreover, lower oxygen delivery to kidney may cause an ischemic in-

and 22%, respectively) [25]. These findings are consistent with factors

jury [35, 40, 41, 42].

specific for kidney transplant recipients including lower functional

Kidneys can also be affected indirectly by pathophysiological mecha-

reserve of kidney allograft, and the toxic effect of tacrolimus in com-

nisms such as Acute respiratory distress syndrome (ARDS) caused by

bination with increased susceptibility to prerenal causes of renal dys-

COVID-19 infection. SARS-CoV-2 infects alveolar macrophages and

function (dehydration, hypotension, and metabolic disarray), which

lung epithelial cells to amplify viruses and it releases cytokines and

are absent in the general population [25].

chemokines. Infected dendritic cells and the activated macrophages

Laboratory risk factors of the AKI [26, 23] are:

activate immune response extensively and they initiate cytokine storm

- urine - proteinuria, hematuria,

in the lung. Chemokines release can attract extra inflammatory cells

- blood cell count - leukocytosis with neutrophilia and lymphopenia,

to migrate into the inflammation site that intensify cytokine storm

Figure 1 :Risk factors for COVID-19-asociated acute kidney injury (adjusted according to [39])

COVID-19 - Coronavirus Infectious Disease 2019, CKD – chronic kidney disease, COPD – chronic obstructive pulmonary, hsCRP –high
sensitivity C-reactive protein, NSAID - non-steroidal anti-inflammatory drugs, SOFA, sequential organ failure assessment.
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Figure 2 :Pathophysiological mechanisms associated with COVID-19–related acute kidney injury (adjusted according to [44])

ACE2 - angiotensin-converting enzyme 2; COVID-19 - Coronavirus Infectious Disease 2019; SARS-CoV-2, severe acute respiratory
virus-2
Figure 3:Mechanisms of COVID-19 associated acute kidney injury (adjusted according to [45])

ROS – reaktive oxygen species, CD – cluster of differentiation, HIF-1 - hypoxia induced factor 1, ACE2 – angiotensin converting
enzyme 2
and may have indirect impacts on multiorgan failure, especially kid-

ID-19 infection [35, 40].

ney, and death. Organ interaction between the damaged lung, the

Hypovolemia, either from diarrheal loss or insensible loss from hyper-

heart and the kidney can deteriorate the viral pathology. Numerous

pyrexia, could lead to tubular injury. Development of secondary infec-

mechanisms including unmasked CVD, cytokine-induced myocardial

tions can cause sepsis-related AKI. Medications are another through

damage, microangiopathy and viral myocarditis may clarify the main

the development of interstitial nephritis [43].

driver of myocardial damage and/or increased levels of troponin in

A summary of pathophysiological mechanisms for AKI associated

COVID-19 cases. Endothelial dysfunction, microangiopathy, coagula-

with COVID-19 infection are shown in Figure 2 [44] and Figure 3

tion dysfunction is also involved in the kidney pathology in COV-

[45].
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Histopathological changes

rejection have been described, raising the question of whether CO-

The most common injury observed in autopsy and biopsy findings in

VID-19 infection may enhance the alloimmune response [47, 60, 64].

patients with COVID-19 infection related to AKI is an acute tubular

As the mortality rate is higher in patients who are receiving immuno-

injury [41].

suppressive drugs, therefore calcineurin inhibitor and antimetabolite

Histopathology showed proximal tubular injury, acute tubular necro-

withdrawal or dose decreasing are recommended for COVID-19 pa-

sis, intraluminal debris, marked decrease in megalin expression in

tients [65].

the brush border and electron microscopy evidence of particles resembling coronaviruses in cisternae of the endoplasmic reticulum in

Prevention and treatment

proximal tubule cells and viral particles within the tubular epithelium

Treatment of AKI associated with COVID 19 infection is complex. It

as well as within podocytes [42, 46].

is aimed primarily at intensive monitoring of vital functions, regular

Glomerular lesions were reported in some of the patients with CO-

monitoring of urea levels, creatinine, environmental parameters, min-

VID-19 infection, with collapsing focal segmental glomerulosclerosis

eralogram, monitoring of hemodynamic status and monitoring of the

(FSGS), also called COVID-associated nephropathy (COVAN), being

development of complications in critically ill patients. In the context

the most common. Such patients present with nephrotic-range pro-

of the inflammatory syndrome, fluid resuscitation is important to con-

teinuria and AKI [47, 48, 49, 50, 51, 52, 53]. Similar to HIV-associated

trol fluid balance while avoiding volume target tracking and its conse-

nephropathy, COVAN occurred exclusively in Black individuals, and a

quences, but at the same time, attention should be paid to dehydration,

high proportion tested possessed high-risk apolipoprotein 1 (APOL1)

which worsens AKI. Early detection of health damage in COVID-19

genotypes [47, 53]. There are case reports of other glomerular diseases

infection and implementation of preventive therapeutic and AKI situ-

associated with COVID-19 infection, including anti-glomerular base-

ations are crucial in reducing morbidity and mortality [34].

ment membrane antibody disease [54], antineutrophil cytoplasmic

Early detection and specific therapy of renal changes, including ad-

antibody (ANCA)-associated vasculitis [55], and IgA nephropathy

equate hemodynamic support and avoidance of nephrotoxic drugs,

[56].

may help to improve critically ill patients with COVID-19 infection

Factors contributing to AKI associated with COVID-19 infection are

[66].

listed in Table 2.

Because COVID-19 infection causes organ-mediated damage by

Renal transplant recipients are included among the high-risk groups

a cytokine storm, the goal of treatment is focused on the reduction

Table 2 :Factors contributing to COVID-19 associated renal injury (adjusted according to [4])

or elimination of inflammatory cytokines. In the indicated cases of

Injury
Acute tubular
injury

Vascular injury

Glomerular injury

Interstitial injury

AKI in critically ill patients with COVID-19 infection is started treat-

Mechanism of injury
Regional inflammation
Direct viral infection
Renal compartment syndrome
Tissue hypoxia hypoperfusion leading to hypoxaemia, hypotension, hypovolaemia and
heart failure

ment with renal replacement therapy (RRT). As with AKI from other

Nephrotoxic-induced injury (antibiotics or
antivirals)
Endothelitis
Microthrombi
Thrombotic microangiopathy

VID-19 has high lethality (63% – 79%) and occurs mainly in patients

Collapsing glomerulopathy (potentially
caused by interferon-induced podocyte
injury)
Glomerulonephritis
Acute interstitial nephritis; infiltration by
immune cells
Intestinal oedema

causes, COVID-19 infection, life-saving RRT, is indicated in oliguria
or anuria, severe acidosis, hyperkalaemia, pulmonary edema, uremic
pericarditis, hyperasotemia, metabolic encephalopathy. The need for
AKI-RRT is associated with an increased burden of comorbidities
and is associated with high mortality. AKI-RRT associated with COwith a high burden of comorbidities and other organ dysfunctions
related to the critical state [67, 29, 16, 46, 6, 68]. Patient-level risk factors for AKI-RRT include non-white race; men gander; HTN; DM;
anemia; obesity; higher body mass index; CKD; any degree of proteinuria and hematuria; coronary artery disease; CHF; COPD; higher
D-dimer; and greater severity of hypoxemia (lower the ratio of the
partial pressure of arterial oxygen over the fraction of inspired oxygen
/PaO2:FiO2 ratio/) on ICU admission [67, 69, 29, 16, 46, 6, 67, 68,
70, 71]. According Gupta et al. [16] predictors of 28-day mortality in
patients with AKI-RRT are older age, severe oliguria, and admission

because they use immunosuppression, and they are suffering from

to a hospital with fewer ICU beds or one with greater regional density

multiple comorbities. Moreover, COVID-19 itself poses a significant

of COVID-19.

risk on the kidneys by causing cytokine storm, hypoxia, or rhabdomy-

In the publicated studies, among survivors of AKI-RRT associated

olysis, which all may trigger a kidney injury even without transplanta-

with COVID-19 infection, the percentage discharged from the hospi-

tion [57]. Immunosuppression seems to be effective for protection the

tal while dependent on RRT varied between 22 - 38% [67, 29, 16, 46, 6,

lungs from cytokine storms by reducing the inflammatory response

68, 70, 71]. The main risk factor associated with RRT dependence after

[58]. In kidney transplant patients there is a scarce information on

an AKI-RRT was the presence of CKD in patients with and without

histological findings. In patients with AKI, apart from acute tubular

COVID-19 infections [67].

injury, minimal change disease [59], cortical necrosis [60] and col-

Good management of a patient admitted with COVID-19 can make a

lapsing glomerulopathy (COVAN) [61, 62, 63] there have also been

significant contribution to preventing the development of AKI as well

described. In addition, very few cases of T-cell or antibody-mediated
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as recognizing the early stages of AKI.

6.

Charytan DM, Parnia S, Khatri M, Petrilli CM, Jones S, et al. De-

In the prevention of development of AKI in COVID-19 infected pa-

creasing Incidence of Acute Kidney Injury in Patients with COV-

tients we can recommend:

ID-19 Critical Illness in New York City. Kidney Int Rep 2021;

- increase attention to fragile, polymorbid patients and patients with
risk factors for severe COVID-19 infection,

6:916–927.
7.

Husain-Syed F, Birk HW, Ronco C. Coronavirus Disease 2019

- ensure adequate hydration (per os, i.v, via hospitalisation),

and Acute Kidney Injury: What Have We Learned? Kidney Int

- prevent of hypovolemia and hypoperfusion,

Rep 2021; 6:872–874.

- adjust of chronic medication (antihypertensives - ACEI, angioten-

8.

Chen N, Zhou M, Dong X, Qu J, Gong F, et al. Epidemiological

sin II receptor antagonists/, diuretics, minerals, peroral antidiabetics),

and clinical characteristics of 99 cases of 2019 novel coronavirus

hypnotics, sedatives, beta-blockers for the risk of accumulation,

pneumonia in Wuhan, China: A descriptive study. Lancet 2020;

- avoid polypharmacy and polypragmasy, the prescription cascade,

395:507–513.

- prevent of drug damage: caution when administering NSAIDs, antibiotics (aminoglycosides), dose adjustment for existing renal disease
according to renal function,
- control urine pH with correction,

9.

Cheng Y, Luo R, Wang K, Zhang M, Dong L, et al. Kidney Disease
is Associated with In-hospital Death of Patients with COVID-19.
Kidney Int 2020; 97(5):829–838.

10. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, et al. Clinical Char-

- important precautionary measures include an early vaccination at all

acteristics of Coronavirus Disease 2019 in China. N Engl J Med

population with focusation at-risk groups.

2020; 382:1708–1720.
11. Wang J, Wang Z, Zhu Y, Li H, Yuan X, et al. Identify the Risk Fac-

Conclusion

tors of COVID-19-related acute kidney injury: A single-Centre,

Management of patients with COVID-19 infection needs to be ap-

retrospective cohort study. Front Med 2020; 7:436. doi: 10.3389/

proached comprehensively, accepting its potential for multi-organ

fmed.2020.00436.

damage, including AKI. Potential risk factors that significantly in-

12. Wang L, Li X, Chen H, Yan S, Li D, et al. Coronavirus Disease 19

crease the risk of developing AKI, which is associated with poorer

Infection Does Not Result in Acute Kidney Injury: An Analysis

prognosis and an increased mortality rate, need to be identified in

of 116 Hospitalized Patients from Wuhan, China. Am J Nephrol

a timely manner. Therefore, it is necessary to focus on general risk

2020; 51:343–348

factors, risk factors present at the admission of the patient, as well as

13. Huang C, Wang Y, Li X, Ren L, Zhao J, et al. Clinical features of

those occurring during hospitalization. COVID-19 infection needs to

patients infected with 2019 novel coronavirus in Wuhan, China.

be viewed comprehensively.

Lancet 2020; 395:497–506.

AKI frequently complicates the course of infection COVID-19 hos-

14. Yang X, Yu Y, Xu J, Shu H, Xia J, et al. Clinical course and out-

pitalizations and is associated with increased severity of illness, pro-

comes of critically ill patients with SARS-CoV-2 pneumonia in

longed duration of hospitalization, and poor prognosis. Given the

Wuhan, China: A single-centered, retrospective, observational

extent of the adverse impact of AKI, early detection of comorbidities

study. Lancet Respir Med 2020; 8:475–481.

and renal complications is essential to improve the outcomes of CO-

15. Lin L, Wang X, Ren J, Sun Y, Yu R, et al. Risk factors and progno-

VID-19 patients. Increased attention needs to be paid to risk groups of

sis for COVID-19-induced acute kidney injury: A meta-analysis.

patients with COVID-19 infection already in the general practitioner's

BMJ Open 2020; 10:e042573.

office. In patients with risk factors for the development of AKI, there is

16. Gupta S, Coca SG, Chan L, Melamed ML, Brenner SK, et al. AKI

a need to follow strategic measures, possibly consider hospitalization

Treated with Renal Replacement Therapy in Critically Ill Patients

despite the easier course of COVID-19 infection.
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