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ABSTRACT. The clinical and epidemiological features of acute kidney injury in severe and extremely severe pneumonia
associated with coronavirus disease-2019 (COVID-19) are considered. An observational prospective study was conducted
with the inclusion of 117 patients, including 75 men and 42 women, suffering from severe and extremely severe pneumonia
associated with COVID-19, who were treated in the intensive care unit of the 1586th Military Clinical Hospital in 2020-2022.
Acute kidney injury was diagnosed in 21 (17.9%) patients (stage 1in 10, stage 2 in 4, and stage 3 in 7 patients), kidney dysfunc-
tion was recorded in 22 (8.8%) patients (serum creatinine was higher than normal, but does not reach the diagnostic criteria
of Kidney Disease Improving Global Outcomes). Four patients underwent renal replacement therapy. The probability of kidney
damage increases with age (the average age of the patients with acute kidney damage is 65 (58; 71) years, and those without
acute kidney damage was 47.5 (41; 55) years; p = 0.0001). Compared with patients without acute kidney injury, patients with
acute kidney injury scored higher on the scales NEW (p = 0.000975), SMRT-CO (p = 0.011555), and Sequential Organ Failure
Assessment (p = 0.000042). Among those suffering from acute kidney injury, significantly more pronounced manifestations
of systemic inflammation were determined (leukocytes, p = 0.047324; platelets, p = 0.001230; ferritin, p = 0.048614; and
D-dimer, p = 0.004496). In the general cohort, the mortality rate was 22.2%, whereas a significant intergroup difference
in mortality was observed, i.e., 52.4% in patients with acute kidney injury and 15.62% in those without acute kidney injury
(Chi-squared criterion, 13.468; p < 0.001). Invasive artificial lung ventilation was performed in 19.66% of the patients, and a
significant intergroup difference was identified, with 66.7% in patients with acute kidney injury and 9.38% in patients without
acute kidney injury (Chi-squared criterion, 35.810; p < 0.001). The durations of treatment in the intensive care unit in patients
with and without acute kidney injury were 9 (7; 14) and 6 (4; 10) days, respectively. After the treatment, all patients with acute
kidney injury had fully recovered kidney function upon discharge. In general, acute kidney injury occurs in almost every fifth
patient with severe and extremely severe pneumonia associated with COVID-19, aggravates the condition of patients, and
increases mortality. The alertness of doctors regarding acute kidney injury and early diagnosis and timely nephroprotective
treatment may reduce the possibility of adverse disease outcomes.
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OCTPOE MOBPEXXAEHUE NOYEK NPU TAXENOM
TEYEHUU MHEBMOHUMA, ACCOLMMPOBAHHbIX
C HOBOM KOPOHABUPYCHOU UHOEKLMUEH
(COVID-19)

M.0. Maromepanues' 2, [1.1. KopabensHukos' 2, C.E. Xopowwmnos®

11586-11 BoeHHbI KAMHUYECKWI rocnuTanb, Moaonbek, Poccusa
2 MOCKOBCKMI MeJKo-coumnanbHblin MHCTUTYT uMeHn .11, Maasa, Mocksa, Poccua

3T naBHbIN BOGHHBINM KNMHUYECKWIA FOCTIMTaNb MMeHM akadeMuka H.H. BypaeKo, MockBa, Poccua

Pe3siome. PaccMaTpuBaloTcA KNMHUKO-3NWMAEMUONONMYECKUE 0COBEHHOCTU OCTPOr0 NOBPEMAEHUA MOYEK NPU MHEB-
MOHMWAX TAMENOro U KpavHe TAMKENOro TEYEHWA, acCOLMMPOBAHHBIX C HOBOW KOPOHaBMpYCHOW WMHbeKuuewn. lpoBeseHo
0bcepBaLMOHHOE NMPOCMEKTUBHOE MUCCeA0BaHUE C BKAIOYEHWEM 117 60MbHBIX, U3 HUX 75 MYMUMH U 42 MEHLLMHDI, CTPa-
DAOLMX MHEBMOHUAMM TAMKENOr0 M KpalHe TAMENOro TeYeHUs, acCoLMMPOBaHHBIMU C HOBOM KOPOHaBMPYCHOW MHGEK-
LLMeNn, HaXOAMBLUMXCA Ha NIEYEHUN B OTHENEHUU peaHUMaLmn U UHTEHCMBHOW Tepanuu 1586-ro BoeHHoro KnMHUYecKoro
rocnutana B 2020-2022 rr. OcTpoe noBperaeHuUe noyek auarHoctuposado y 21 (17,9%) 6onbHoro (1-A ctagua — y 10;
2-A cTaguA —y 4; 3-A ctagua —y 7 6onbHbIx), y 22 (8,8%) 60nbHBIX 3aduUKCcHpoBaHa AMCHYHKLMA NOYeK (yBENMYEHME Cbl-
BOPOTOYHOI0 KPeaTMHMHA BbILLE HOPMbI, HO He JocTuratowiei amarHoctuyeckux kputepues KDIGO). YetsepbiM 60M1bHBIM
MPOBOAMNACL 3aMeCTUTE/IbHaA NMOYeYHan Tepanua. YCTaHoB/EHO, YTO C BO3PACcTOM YBENIMYMBAETCS BEPOATHOCTb MOparKe-
HWUS NoYeK (cpeaHWI Bo3pacT 60/bHBIX, CTPAAAIOLLMX OCTPLIM NoBpeXkaeHMeM novek, — 65 (58; 71) neT; 6e3 octporo no-
BpeaeHWA novek — 47,5 (41; 55) net; p = 0,0001). bonbHble, CTpagaioLLMe OCTPLIM NOBPEXKAEHNEM MOYEK, N0 CPAaBHEHUIO
¢ 60bHBIMKM 6e3 0CTPOro NoBpeaeHnA noveKk Habpanu 6onble 6annos no wkanaMm NEW (p = 0,000975); SMRT-CO (p =
0,011555); SOFA (p = 0,000042) Take cpeay cTpafaloWiMX OCTPbIM MOBPEMHKAEHMEM MOYEK ONpeaensncb CTaTUCTUYe-
CKM 3HauMMO bosiee BbIpaeHHbIE MPOABNEHUS CUCTEMHOrO BocraneHus (nevikoumtsl (p = 0,047324), TpomboumTel (p =
0,001230) depputuH (p = 0,048614), D-gumep (p = 0,004496). JletanbHocTb B 06LLe KoropTe coctaBuna 22,2%, npy 3ToM
3adMKCcMpoBaHa CTAaTUCTUYECKM 3HAUMMaRA MEXIPYNnoBan pasHMLA NO NeTanbHOCTU: 60/bHbIe, CTPaAAloLLMe OCTPbIM Mo-
BperKAeHneM nouek, — 52,4%, 6e3 octporo nosperkaeHna nodek — 15,62% (kputepun Xu-kBagpar — 13,468; p < 0,001).
NHBa3MBHaA MCKYCCTBEHHAA BEHTUNALMK Nlerkux npoBogunack 19,66% 60bHBIM, CTaTUCTUYECKM 3HAUMMaRA MEXKTPyNno-
BaA pasHWLLa cocTaBuna: 60MbHbIE, CTPaZaloLLme OCTPLIM NOBPEHKAEHUEM NOYeK — 66,7%, H0nbHbIE B3 0CTPOro NOBpe-
AeHus nodek — 9,38% (Kputepuii Xu-keagpat — 35,810; p < 0,001). MpoaonKuTenbHOCTb NIeYeHUs B OTAENEHUU peaHu-
MaLMW U MHTEHCMBHOM Tepanuu y 60/bHbIX, CTPAAAIOLLMX OCTPbIM NOBpPEXAEHNEM Noyek, bbina bonbLue (9 (7; 14) aHew;
6e3 ocTporo nospexaeHna noyvek — 6 (4; 10) gHen). Mocne npoBefeHHOr0 neYeHWA y BCeX 60MbHBIX, CTPaLaBLUMX OCTPbIM
MOBPEXAEHNEM NMOYEK, K MOMEHTY BBIMUCKM U3 CTauMoHapa GyHKLUMA NOYEK BOCCTaHOBMMACh B MOSHOM obbeMe. B uenom
OCTpOe MOBpEXAEHME NOYEK BCTPEYAETCA MOYUTM Y KA A0r0 NATOr0 601LHOr0 NpY MHEBMOHWAX TAMKENON0 U KpalHe TAMe-
71070 TEYEHMUA, aCCOLMMPOBAHHBIX C HOBOM KOPOHABMPYCHON MHQEKLMEN, YTAMKENACT COCTOAHUE BOMbHBIX M YBEIUYMBAET
neTanbHoCTb. HacTopoXKeHHOCTbL Bpayel B OTHOLIEHWM OCTPOrO NOBPEMEHWA NOYEK, PAHHAA AMArHOCTUKA U CBOEBPEMEH-
Hoe HePOMPOTEKTMBHOE JIeYEHWE MOMKET CHUMHATb BO3MOMHOCTb HACTYNIEHUs HebNaronpuATHLIX UCXOA0B 3ab0/1eBaHMA.

KnioueBble cnoBa: 0CTpOoe noBpexaeHne noYeK; HoBaA KOPOHaBMPYCHaA VIH(I)EHLWIH; NMHEBMOHUA; CUCTEMHOE BOCNa/eHue;
MHBA3NBHaA UCKYCCTBEHHAA BEHTUNALNN NErKUX; He¢p0I'Ip0TEHTVIBHOE ne4vyeHue, HEﬁﬂaFOHpMHTHbIVI ncxon 3aboneBaHus.
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BACKGROUND

The coronavirus disease 2019 (COVID-19) is a novel
coronavirus infection caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which has a high
mortality rate’. The first cases of SARS-CoV-2 infection
were registered at the end of 2019 in the city of Wuhan in
China [1]. As of June 10, 2022, more than 532 million cases
and approximately 6.3 million deaths from COVID-19 have
been reported worldwide according to the World Health
Organization?. SARS-CoV-2 enters the human body through
the epithelium of the upper respiratory tract, stomach, and
intestines [2]. Extremely severe COVID-19 is registered
in 5% of the patients, severe form in 14%, and mild form
in 81% [3]. Approximately 10.2% of patients with severe
COVID-19 are transferred to intensive care units (ICUs) for
treatment [4].

The main indication for transferring patients to the ICU
is an acute respiratory failure (60%-70%) [5]. The need for
mechanical ventilation varies and, according to different
publications, ranges from 29.3% (China) [6], 59% (UK) [7], to
89.9% (USA) [8]. The mortality rate of patients with severe
and extremely severe COVID-19 and receiving therapy in
the ICU is high and averages approximately 49% [9]. Li et al.
[10] established that 11% of inpatients develop multisystem
organ failure (MOF). Acute kidney injury (AKI) in COVID-19
is one of the earliest pathophysiological manifestations of
MOF [11]. The mutual influence of impaired lung and kidney
functions in COVID-19 forms a mutual burden syndrome
(lungs—kidneys).

Cheng et al. [12] revealed an increase in hospital mortality
rate from 13.2% to 33.7% when the serum creatinine level
increased from 68 + 16 to 132 + 39 pmol/L. Manifestations
of impaired renal function in patients with COVID-19 vary
widely from proteinuria and hematuria (44%), isolated
hematuria (26.7%) to AKI that require renal replacement
therapy (RRT). Richardson et al. [8] studied the treatment
outcomes of 5700 patients hospitalized for COVID-19 and
found that RRT-requiring AKI occurred in 3.2% of patients in
bed departments and 22% of ICU cases.

Yildirim et al. [13] in an observational retrospective
study in a cohort of 348 patients verified AKI in 17 (4.9%)
patients (according to the criteria of the Kidney Disease:
Improving Global Outcomes [KDIGO] initiative [14]), which
included 4 (1.3%) patients with stage 1 AKI, 3 (9%) with
stage 2, and 10 (76.9%) with stage 3. Similar results
were recorded by Chinese researchers (Cheng et al. [12]);
AKI was verified in 5.1% of 701 patients hospitalized for

' United Nations. Naming the coronavirus disease (COVID-19) and
the virus that causes it [Electronic resource]. URL: https://www.who.
int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/
naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
(accessed: 26.05.2022).

2 World Health Organization. WHO Coronavirus (COVID-19) Dashboard
[Electronic resource]. URL: https://covid19.whoa.int/ (accessed: 12.06.2022).
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COVID-19. In a retrospective study, Diao et al. [15] revealed
the development of AKI in 27.1% of cases (23 of 85 patients
hospitalized for COVID-19). The authors also emphasized an
increase in the probability of AKI development with age and
presence of concomitant pathology. In a meta-analysis, Chen
et al. [16] analyzed 20 publications and 6945 patients (China,
Italy, UK, and USA) and detected AKI in 8.9% of patients with
COVID-19.

The pathophysiological mechanisms for AKI development
in COVID-19 are being studied. AKI development in COVID-19
may be based on a combination of prerenal causes because
of poor nephron perfusion, decrease in glomerular filtration
rate, and renal factors [17]. Upon entry to the human body
through the epithelium of the upper respiratory tract,
stomach, or intestines, SARS-CoV-2 is transported to
the target cell through the cellular angiotensin-converting
enzyme 2 receptor (ACE-2). The systemic manifestations
of COVID-19 are attributed to the prevalence of ACE-2 in
organs (lungs, kidneys, stomach, and intestines) [2, 18].
In the case of immune system failure, the SARS-CoV-2
virus replicates actively through intracellular ACE-2 and
destroys the host cell upon entering the extracellular
space [19]. Su et al. [20] conducted histopathological
studies of the kidneys of 26 patients who died from
COVID-19 and found that SARS-CoV-2 affects directly
the epithelial cells of the renal tubules and podocytes,
thereby causing significant structural damage. Elements
of endothelial damage and occlusion of the microvascular
bed of the kidneys were also revealed.

The study aimed to examine the clinical and
epidemiological aspects of AKI in severe and extremely
severe COVID-19 pneumonia.

MATERIALS AND METHODS

This observational prospective study enrolled
117 patients (75 men and 42 women) with severe and
extremely severe COVID-19 pneumonia, who were
treated in the ICU of Military Clinical Hospital No. 1586
between 2020 and 2022. The inclusion criteria were age
18-80 years and confirmed severe and extremely severe
COVID-19 pneumonia. The exclusion criteria were a history
of impaired renal function and the presence of oncological
diseases.

The study was conducted with the approval of the local
ethical committee of the F.P. Haas Moscow Medical and
Social Institute and followed the principles of good clinical
practice and national standards for the provision of medical
care, ensuring the safety and well-being of the study
participants who were protected by the ethical principles of
the Declaration of Helsinki of the World Medical Association,
in compliance with the current legislation of the Russian
Federation.

Patients received complex intensive care in accordance
with the “Temporary Guidelines: Prevention, Diagnosis, and

513



514

OPUTMHATTBHBIE CCTEAOBAHMA

Treatment of Novel Coronavirus Infection (COVID-19)" that
were current at the time of application.

Upon admission to the ICU, to determine the severity of
the patient’s condition and predict a possible lethal outcome,
all patients were evaluated using specialized protocols,
namely, a protocol for assessing the severity of the patient’s
condition using the New Early Warning Score (NEWS) scale
[21]; a patient’s condition assessment protocol to predict
30-day mortality and the need for intensive respiratory or
vasopressor support for community-acquired pneumonia
based on the systolic blood pressure, multilobar infiltrate,
albumin, respiratory rate, tachycardia, confusion, low oxygen,
low pH (SMRT-CO) scale [22]; and a protocol for the dynamic
assessment of organ failure based on the Sequential Organ
Failure Assessment (SOFA) scale [23].

According to the results of the clinical and laboratory
assessment based on the KDIGO criteria (Table 1), all
patients were distributed into two groups, where group 1
included 96 patients without COVID-19-associated AKI, and
group 2 included 21 patients with COVID-19-associated AKI.

Instrumental and laboratory studies were performed
in Military Clinical Hospital No. 1586 in accordance with
existing standards and protocols. Clinical and laboratory
parameters of patients in dynamics were prospectively
traced from the moment of hospitalization in the ICU until
hospital discharge.

Data were statistically analyzed using descriptive
statistics, followed by the determination of the intergroup
difference. SPSS Statistics (IBM Corp., Armonk, NY, USA)
was used. The significance of intergroup differences was
determined by the nonparametric Mann-Whitney U-test.
Statistical indicators were described as median (Me), and
interquartile range as quartile 1 (Q1) and quartile 3 (Q3).
Differences were considered significant at p <0.05.

RESULTS AND DISCUSSION

Using the polymerase chain reaction, SARS-CoV-2 was
verified in nasal and oropharyngeal swabs in 79 (67.5%)
cases. Antibodies to SARS-CoV-2 in the blood serum were
detected in the ratio of 59 (50.4%) positive immunoglobulins
(Ig) M and 17 (14.5%) negative IgM, 40 (34.1%) positive IgG,
and 28 (23.9%) negative IgG. AKI according to KDIGO criteria
was verified in 21 (17.9%) patients (stage 1, n = 10; stage
2, n = 4 cases; stage 3, n = 7 patients). Serum creatinine
increased in all cases, whereas the volume of urine in
three patients decreased. In 22 (18.8%) patients, the serum

Table 1. Stages of AKI according to KDIGO criteria
Ta6auua 1. Craguu OIM cornacHo kputepuam KDIGO

Tom 24, N 3, 2027
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creatinine levels were above the norm, but not reaching
the diagnostic criteria of KDIGO, which indicates impaired
renal function of varying degrees in 43 (36.8%) cases. RRT
was initiated in four patients, whereas sessions of prolonged
venovenous hemodiafiltration were performed in all cases.

Patients were admitted to the hospital on day 6 (5; 8)
from disease onset and in the ICU on day 10 (8; 12) from
disease onset; however, no intergroup difference in the time
of admission to the hospital and to the ICU from disease
onset was found. The duration of treatment in the ICU was
9 (7; 14) days in patients with COVID-19-associated AKI and
6 (&4; 10) in patients without COVID-19-associated AKI. After
the treatment, in all patients with COVID-19-associated AKI,
by the time of hospital discharge, the kidney function was
fully restored.

A total of 26 (22.2%) patients died; 11 (52.4%) of them
had AKI and 15 (15.62%) had no AKI (Chi-square test,
13.468; p < 0.001). The immediate causes of death were an
acute respiratory failure in 19 patients, sepsis in 2, and heart
failure in 5. Invasive mechanical ventilation of the lungs
was performed in 23 (19.66%) patients; 14 (66.7%) of them
had AKI and 9 (9.38%) had no AKI (Chi-square test 35.810;
p < 0.001).

Statistically significant intergroup differences were
found in the scores on the NEWS (p = 0.000975), SMRT-CO
(p = 0.011555), and SOFA (p = 0.000042) scales. This may
indicate an aggravation of the patient’s condition with AKI
development, and an increase in the incidence of AKI with
the progression of the inflammatory process in the lungs.

The mean age values of patients with and without
COVID-19-associated AKI were 65 (58; 71) and 47.5 (41;
55) years, respectively. Patients with COVID-19-
associated AKI were statistically significantly older
(p = 0.0001). The laboratory parameters of the counts of
erythrocytes (p = 0.019419), leukocytes (p = 0.047324),
and platelets (p = 0.001230), concentration of urea
(p = 0.000007), and levels of creatinine (p = 0.0000),
ferritin (p = 0.048614), and D-dimer (p = 0.004496)
differed statistically significantly. This difference indicates
more pronounced systemic inflammation in patients with
COVID-19-associated AKI.

A statistically insignificant intergroup difference
was noted in C-reactive protein (CRP) (p = 0.059913),
hemoglobin (p = 0.116489), total protein (p = 0.203566),
and lymphocytes (p = 0.176277). The lack of an

Stage Serum creatinine

Urine output

1 1.5-1.9 times higher than baseline or increase by = 26.5 pmol/L

2 2-2.9 times higher than baseline

or start of renal replacement therapy

3 times higher than baseline or increase to = 4 mg/dL (= 353.6 pmol/L),

< 0.5 mL/kg/h for 6-12 h
< 0.5 mL/kg/h for 212 h

< 0.3 mL/kg/h for = 24 h or anuria for = 12 h

D0l https://doi.org/10.17816/brmmal09938
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intergroup difference in maximum concentrations of
the systemic inflammatory marker CRP (173.8 mg/L
in patients with COVID-19-associated AKI (63.1;
203.5); 118.1 mg/L (58.65; 166.15) in patients without
COVID-19-associated AKl; p = 0.059913) can be due
to the use of biologically active therapy (actemra and
olumiant) in 101 (86.3%) patients and hormonal therapy
(metypred, dexamethasone, prednisolone) in 100% of
the patients, which was performed both before admission
to the ICU and under ICU conditions.

In general terms, all clinical, laboratory, and instrumental
parameters of the patients examined are presented in
Table 2. A statistically significant relationship was found
between the incidence of AKI in COVID-19 and comorbidities,

Vol. 24 (3) 2022
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which may indicate a more severe COVID-19 in patients with
AKI. Comorbidities detected in the examined patients are
presented in Table 3.

Kidney function was impaired in 43 (36.8%) patients
with severe and extremely severe COVID-19 pneumonia,
AKI was recorded in 21 (17.9%) of these patients, and
the increase in serum creatinine was higher than the norm,
but not reaching the KDIGO diagnostic criteria, in 22 (18.3%)
patients. The results indicate a significant prevalence of
kidney damage in patients with severe and extremely severe
COVID-19 pneumonia.

In general, our data are in good agreement with
the results of many international researchers. Qian
et al. [24] and Wang et al. [25] indicate that according to

Table 2. Clinical, laboratory, and instrumental indicators of the examined patients, Me (Q1; Q3)
Tabnuua 2. KnuHuyeckue, nabopatopHble U MHCTPYMEHTaNbHbIE MoKa3aTenu obcnesyeMbix 6onbHbix, Me (Q1; Q3)

Patients
Indicator Al Without COVID-19- | With COVID-19-
associated AKI associated AKI

Age, years 49 (43; 62) 47.5 (41; 55) 65 (58; 71)
Men/women, n 75/42 86/30 912
Mortality, n (%) 26 (22.2%) 15 (15.62%) 11 (52.4%)
Terms of admission to the hospital from disease onset, days 6 (5; 8) 6 (5; 8) 6.5(2; 8)
Terms of admission to the ICU from disease onset, days 10 (8; 12) 10 (8; 12) 10 (7; 12)
Duration of treatment in the ICU, days 7(5;11) 6 (4;10) 9 (7; 14)
Duration of hospitalization, days 21 (12; 28) 21 (12; 28) 22 (12; 30)
g((:e(\)/fgity of patients’ condition according to the NEWS scale, 108 11) 98 1) 125 (10: 13)
Severity of patients’ condition according to the SMRT-CO 4 (4: 5) 4 (G by 5 (4: 6)
scale, score
Severity of patients’ condition according to the SOFA scale, 32:5) 32 4y 7 9)

score

Hemoglobin, g/L

Erythrocytes, 10'2/L

Urea, mmol/L

Creatinine, pmol/L

CRP, mg/L

Total protein, g/L

Ferritin, pg/L

Leukocytes, thousand units/pL
Lymphocytes, %

D-dimer, mg/L

Platelets, thousand units/pL

127 (115; 139)
4.33 (3.86; 4.65)
8.55 (6.7; 12.1)
104 (94; 129)
134.25 (62; 175.9)
54.7 (51; 59.5)
560.9 (102; 708.3)
7.05 (5.76; 8.92)
3527
2.19 (0.66; 7.67)
165 (120; 220)

127.5 (116.5; 139.5)
4.41(3.935; 4.685)
7.7 (6.6; 10.4)°
99.5 (94; 104)*
118.1 (58.65; 166.1)
55 (52; 60)

102 (102; 579.5)
6.65 (5.38 ;8.41)*
4(2;8)

1.55 (0.61; 4.53)*
178 (147; 224)

120.5 (83; 132)
4.07 (2.69; 4.34)
17.25(11.6; 20.2)
174.5 (156; 309)

173.8 (63.1; 203.5)
52 (51; 55)
596.35 (102; 711)
8.45 (6.95; 10.7)
2.5(1; 4)
9.995 (2.78; 10)
99 (51; 123)

Note: * differences when compared with patients with COVID-19-associated AKI, p < 0,05.

DOl https://doi.org/10.17816/brmmal09938
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Table 3. Concomitant diseases in the examined patients

Ta6auua 3. ConytcTBylowme 3aboneBaHua y obcneyembix 60MbHbIX

Tom 24, N 3, 2027

BecTHMK PoccuincKoi BoeHHO-MeaMUMHCKOM akaaemMumm

Patients with COVID-19-

Patients without COVID-19-

Disease associated AKI associated AKI P
Alimentary-constitutional obesity 1 12 0,307
Diabetes mellitus 2 2 0,090
Ischemic heart disease 3 1 0,718
Postinfarction cardiosclerosis of unknown age 1 0 0,032
Arterial hypertension 6 18 0,313
Chronic heart failure 0 7 0,202

various sources, the epidemiological aspects of kidney
damage in COVID-19 widely range from 0.5% to 36.6%
and depend on the COVID-19 course, direct nephrotropic
and nephrotoxic effects of the virus, hypoxia, and shock
development. Richardson et al. [8] studied the treatment
outcomes of 5700 inpatients with COVID-19 and reported
that RRT was performed in 3.2% (n = 81) of the cases in
hospital bed departments and 22% of ICU cases. In a meta-
analysis (54 publications, 30,639 patients), Silver et al. [26]
reported that AKI occurred in 28% of their patients with
COVID-19, and the cumulative need for RRT was 9%.
In the resuscitation cohort, AKI occurred in 46% of
the cases, and RRT was performed in 19%. Chan et al. [27]
reported that in a cohort of 3993 inpatients with COVID-19,
AKI was confirmed in 1835 (46%) patients, of whom RRT
was initiated in 347 (18.9%). According to the KDIGO
criteria, AKI was distributed as stage 1 in 39% of cases,
stage 2 in 19%, and stage 3 in 42%. Moreover, 976 (24%)
patients were admitted in the ICU, and AKI was verified in
754 (76%) patients in the ICU. Kanbay et al. [28] indicated
that among 100 patients, 81 (81%) patients with COVID-19
who were resuscitated developed AKI (according to
KDIGO criteria, stage 1, n = 44; stage 2, n = 10; stage 3,
n = 27). Shakked et al. [29] revealed that of 52 patients
with COVID-19 seeking medical help in the emergency
department, 22 (42.3%) developed AKI, including 8 (36.4%)
patients who required RRT.

Pei et al. [30], based on the results of a retrospective
single-center study of 467 patients with COVID-19, noted
that AKI (according to KDIGO criteria) developed in 4.7% of
inpatients with COVID-19. Moreover, 65.8% of patients were
diagnosed with proteinuria, and 41.7% had hematuria, which
indicates a large proportion of kidney damage in patients
with COVID-19. The authors also concluded that patients
with COVID-19-associated AKI had a higher mortality rate
of 11.2% (28 of 251) than the 1.2% (1 of 82) in patients
without COVID-19-associated AKI. Similarly, Chan et al. [27]
concluded and revealed that the mortality rates were
50% and 8% among patients with and without COVID-19-
associated AKI, respectively.

D0l https://doi.org/10.17816/brmmal09938

No statistically significant intergroup difference was
found in the treatment duration of patients in the ICU (9 and
6 days in patients with and without COVID-19-associated
AKI, respectively). In our opinion, the finding that more
patients with COVID-19-associated AKI died than patients
without COVID-19-associated AKI (52.4% and 15.62%,
respectively) may indicate a more severe COVID-19 in
patients with AKI.

Kanbay et al. [28] determined that in a cohort of
770 inpatients with COVID-19, AKI developed in 92 (11.9%).
A statistically significant intergroup difference was found
in the treatment duration in the ICU; thus, the average
duration of inpatient treatment was 16 days in patients
with COVID-19-associated AKI and 9.9 days in those
without COVID-19-associated AKI (p < 0.001). Statistically
significant intergroup differences were noted in the ICU
admission rate, development of a cytokine storm, and
mortality rate (63% vs. 20.7%, p < 0.001; 25.9% vs. 14%,
p = 0.009; and 47.2% vs. 4.7%, p < 0.001, among those
with and without COVID-19-associated AKI, respectively).
This is also evidenced by the statistically significant
intergroup difference in the scores on the NEWS,
SMRT-CO, and SOFA scales. This may indicate, as mentioned
earlier, the aggravation of the patient’s condition with
AKI development and an increase in AKI incidence with
the progression of the inflammatory process in the lungs.
Extreme damage to the lungs (acute respiratory distress
syndrome) and kidneys (AKI) in severe and extremely
severe pneumonia initiate mutual aggravation of acute
respiratory and renal failure with impaired water and
electrolyte balance (hyperhydration and hyperkalemia),
acid-base balance of mixed genesis (respiratory and
metabolic), hypoxia of mixed genesis, accumulation of
uremic toxins, and additional synthesis of cytokines in
cases of invasive lung ventilation was initiated [31].

Our conclusion that the probability of kidney damage in
COVID-19 increases with age is fully confirmed by Diao et al.
based on the effect of age on the development of COVID-19-
associated AKI [15]. The authors showed that the incidence
of AKI in different age groups varied, i.e., 65.22% in patients
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aged 260 years and 24.19% in patients aged < 60 years
(p < 0.001). Fisher et al. [32] made similar conclusions, who
confirmed that age > 50 years affects the development of
COVID-19-associated AKI. In a total cohort of 3345 patients,
AKI developed in 1903 (56.9%) cases. The authors also
indicate that an independent risk factor for the development
of COVID-19-associated AKI is the male sex and the Negroid
race.

Diao et al. [15] draw attention to the statistically
significant relationship between the incidence of AKI in
COVID-19 and concomitant diseases (69.57% in their
presence, 11.29% in their absence, p < 0.001), ischemic
heart disease (21.74% in its presence; 4.84% in its absence;
p =0.018), and hypertension (39.13% in its presence, 2.90%
in its absence; p = 0.0007). This is also in full agreement with
our data (Table 2).

Thus, AKI is registered in almost every fifth patient
with severe and extremely severe COVID-19 pneumonia,
aggravates the condition of patients, and increases mortality.
Physicians’ apprehensive attitude to AKI, early diagnostics,
and timely nephroprotective treatment may reduce
the possibility of adverse outcomes of the disease.

CONCLUSIONS

1. AKI developed in 17.9% of patients with severe and
extremely severe COVID-19 pneumonia, and an increase in
serum creatinine above the normal level, but not reaching
the diagnostic criteria for KDIGO (the serum creatinine level
was 1.5-1.9 times higher than the baseline or an increase of
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