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Acute kidney injury in patients with severe
and critical course of GOVID-19

S. O. Sereda
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Acute kidney injury (AKI), characterized by a sudden decline in kidney function, is typically identified by an increase
in serum creatinine levels and/or a decrease in urine output. It is a common complication among critically ill COVID-19
patients, with studies reporting an incidence rate of 20—-40% in individuals admitted to intensive care units (ICU). The
development of AKI in COVID-19 is influenced by several factors, including systemic inflammatory response, sepsis,
disruptions in renin-angiotensin-aldosterone system homeostasis, rhabdomyolysis, and potential direct viral injury to
the kidneys. Early identification of kidney-related complications in COVID-19 patients is essential for reducing mor-
bidity and mortality in hospitalized patients.

The objective: to investigate the incidence, risk factors, clinical characteristics, and outcomes of AKI in patients with
severe and critical COVID-19.

Materials and methods. A retrospective analysis of 1,311 hospitalized patients in Kyiv City Clinical Hospital No. 17 with
COVID-19 (September 2020 — December 2021) identified 252 (19.2%) meeting severe or critical disease criteria. After
applying exclusion criteria, 221 patients (87.7%) were included in the final analysis, comprising 113 (51.1%) women and
108 (48.9%) men. Among them, 78 (35.3%) developed AKI during hospitalization. AKI severity was classified according
to the KDIGO (Kidney Disease: Improving Global Outcomes) criteria based on serum creatinine levels, with three stages
indicating progressive renal dysfunction. According to the analysis of medical records, demographic and clinical data,
course of the disease, and laboratory findings were analyzed.

Results. Among 221 analyzed patients, 176 (79.6%) were initially admitted to other departments before being transferred
to the ICU, while 45 (20.4%) were directly hospitalized from the emergency department. AKI was present in 78 (35.3%)
patients and was more common in older individuals (p = 0.048). While the prevalence of cardiovascular disease and
diabetes mellitus did not significantly differ between AKI and non-AKI groups, chronic kidney disease (CKD) was mar-
kedly higher in AKI patients (20.5% vs 0.7%, p < 0.0001). Laboratory findings showed higher creatinine levels (105 vs
81 pmol/L, p < 0.0001), lower estimated glomerular filtration rate (70.5 vs 84.1 mL/min/1.73 m?, p < 0.0001) and higher
IL-6 (9.8 (5.2; 38.1) vs 8.4 (4.3; 36.1) pg/mL, p < 0.0001) in AKI patients, whereas hemoglobin, leukocytes, CRP, and fer-
ritin levels did not significantly differ. Nephrotoxic medication use was significantly more common in AKI patients (65.4%
vs 32.9%, p < 0.0001), while mechanical ventilation rates were similar (44.9% vs 46.2%, p = 0.854). Although ICU stays
were longer for AKI patients (8.9 vs 6.3 days, p = 0.012), overall mortality did not significantly differ between AKI and
non-AKI groups (39.7% vs 42.7%, p = 0.959). AKI most often developed upon ICU admission and Day 1, followed by a
gradual decline, with a secondary peak after Day 7. The analysis of risk factors associated with AKI revealed that patients
with CKD, with an odds ratio (OR) of 36.86 (95% confidence interval (CI) [4.78—284.1], p < 0.0001), the use of nephro-
toxic medications was strongly associated with AKI (OR = 3.89; 95% CI [2.22—6.82], p < 0.0001). Older patients also had
a significantly increased risk of AKI compared to younger age groups (OR = 2.56; 95% CI [1.32-4.97], p = 0.048).
Conclusions. AKI was a common complication, with older age and pre-existing CKD identified as key risk factors. The
use of nephrotoxic medications also showed a strong association with AKI development. While AKI patients had longer
ICU stays, overall mortality did not differ significantly between those with and without AKI. These findings emphasize
the importance of early risk assessment and careful management of nephrotoxic exposures in critically ill patients.
Keywords: acute kidney injury, chronic kidney disease, nephrotoxic medications, risk factors, mortality.

NocTpe ypaXKeHHs HUPOK Y NaUI€EHTIB 3 TAXKNM Ta KPUTUYHMUM nepebirom COVID-19
C. O. Cepega

Toctpe ypaxkenns nupok (I'VH) xapakrepnsyeThcss panToBUM 3HWKEHHSIM (YHKITNI HUPOK, 3a3BUYAll BiJ[3HAUAETHCS ITi/IBH-
IIEHHSIM PIBHS KPEATHHIHY B CHPOBATI KPOBi Ta/ab0 3HUKeHHsAM jiype3y. Lle mommnpeHe yCKIaJHEHHsS cepejl TSKKOXBOPUX
nargientis i3 COVID-19, npu 1poMy J0CIIIKEHHST TTIOBIIOMIISIIOTD T1PO YacToTy BuHukHeHHst 20—40% B ocib, siki 6yJm rocrita-
JizoBati 110 Bigginenus inrencusoi tepanii (BIT). Possutox I'YH npu COVID-19 sanexkuts Bijg 6aratbox (Gpakropis, 30Kpe-
Ma HasIBHOCTI CHCTEMHOI 3allajIbHOI peakilii, cencucy, MopyIeHHs TOMeocTa3y PeHiH-aHTi0TeH3NH-a/IbJ0CTEPOHOBOI CUCTEMH,
pabaoMiosi3y i MOTEHIIHOrO TPAMOTO BipyCHOTO TONTKOIKEHHsI. PaHHe BUSBICHHS YCKIaJAHEHb, OB’ I3aHUX 13 HUPKAMH, Y
martieaTis i3 COVID-19 mae BakmBe 3HaueHHS 1711 3HIDKEHHS iHBAJIIN3aIlil Ta CMEPTHOCTI cepe/l TOCTiTaTi30BaHNX XBOPHX.
Mema Oocaidscenns: JOCHIKEHHSI YaCTOTH BUHUKHEHHS, (DaKTOPIB PU3UKY, KJIIHIYHUX XapakTepucTuk i Hacaiakis TYH y
HAIHENTIB i3 TSHKKUM Ta KpuThuuruM repebirom COVID-19.

Mamepiaau ma memoou. ITposesnerio perpoctiekTuBrmii anasmi3 1311 rocmitamizoBarnx martientis i3 COVID-19 B KuiBebKiii MichKiit
kuiniunii gikapsi Ne 17 (Bepecerns 2020 p. — rpyzenb 2021 p.), 3 sikux 252 (19,2%) BiAnosigamt KpuTepisiM TSKKOTo a00 KPUTHUHO-
ro nepebiry 3axBoptoantst. [Tic/ist 3acTOCYBaHHsI KPUTEPIiB BUKJIIOYEHHST /[0 OCTATOYHOrO aHasisy Bigiopano 221 narienra (87,7%),
cepern strrx — 113 (51,1%) xinok ta 108 (48,9%) wosnosikis. Cepen mmx y 78 (35,3%) BUIMaiKax T/ 9ac TOCTHTaT3allil PO3BIHYIOCST
I'VH. Tsprkicts ['YH wacudikysanacst Bianosigso g0 kpurepiis KDIGO (Kidney Disease: Improving Global Outcomes) Ha ocHOBI
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PIBHSI KpeaTWHIHy B CHPOBATIIi KPOBI, TIPH I[hbOMY TPH CTaJIil BIATIOBIIA/IN TPOTPECHBHOMY TIOPYIIIEHHIO HUPKOBOI (hyHKIII. 3a pe-
3yJIBTaTaAMU AHAJTI3Y TIPOAHAJI30BaHO JeMorpadbiuHi il KJIHIUHI XapaKTepUCTUKHU, nepedir 3aXBOPIOBAHHS Ta J1ab0PATOPHI MOKA3HUKU.
Pezyavmamu. Cepen 221 npoanasizoBanoro naigienrta 176 (79,6%) Gy/iu nepBUHHO TOCIITATI30BaHI [0 1HINNX Bi/iieHb i3 10~
masbinuM miepesegentsam y BIT, Toxi sik 45 (20,4%) GyJio rocmitanizoBano 6esnocepeninbo 3 npuiiMaibioro Bimtirents. TYH
BusiBsieHO y 78 (35,3%) XxBopux, i BOHO yacTilie BiggHauasocs cepes ocié moxunoro Biky (p = 0,048). Iloumpenicts cepreBo-cy-
JMHHKX 3aXBOPIOBaHb i IIyKPOBOro AiabeTy icTOTHO He BizpisHsmacs mix rpynamu 3 ['YH i 6e3 Hboro, Toi Ik XpoHiuHa XBOPO-
6a nupok (XXH) sHauno uacriue giarnocryBasacst y nauientis i3 TYH (20,5% npotu 0,7%, p < 0,0001). JTaGopatopHi nokas-
HUKU [IPOIEMOHCTPYBaIK BUILMi piBeHb kpearuniny (105 nporu 81 mxmosns/mn, p < 0,0001), Huzkdy WBUAKICTD KIYOOUKOBOI
disprpartii (70,5 mpotu 84,1 mi/x8/1,73 M?, p < 0,0001) ta Bumuii pisens 1L-6 (9,8 (5,2; 38,1) nporu 8,4 (4,3; 36,1) nr/mu,
p < 0,0001) y nanienris i3 TYH. IIpu upomy pisHi remorsio0iny, Jeiikonuris, C-peakTusHoro Gijka Ta (DepUTHHY CYTTEBO He
BiapisHsuiics. 3actocyBaHHS HePOTOKCHUHUX TIperaparis Oys10 3HauHo yactimuM y naientis i3 TYH (65,4% tporu 32,9%,
p < 0,0001), Tozi siK MOKA3HUKK BUKOPUCTAHHS [ITYYHOI BEHTUIIALII Jieretb Oy nomibnumu (44,9% nporu 46,2%, p = 0,854).
Xoua nepebyBants y BIT Gyso Tpusaninmm y naiienris i3 TYH (8,9 nporu 6,3 aus, p = 0,012), 10Kka3HUK 3arajbHOI CMepPT-
HOCTI iCTOTHO He BiapisHsiBest Misk rpynamu 3 TYH ta 6e3 TYH (39,7% nportu 42,7%, p = 0,959). TYH Haituactime 6yJi0o
BKe HassBHUM TIpH HajaxopkeHHi 10 BIT abo sunmkasio y 1-it geHb rocmiTasmiszaiiii, 3 MOCTYTOBUM 3HMKEHHSIM YaCTOTH HOBHX
BUTIAZIKIB 1 BTOPUHHNUM IIIKOM TIicJsT 7-To mHS. AHami3 ¢haKkTopiB pu3nKy, mos’s3anux i3 possutkom ['YH, nmpogemoncTpyBas,
o HasgBHicTh XXH (i3 BinHomenusm mamcis (BIIT) = 36,86; 95% mosipunii inrepsan (/1) [4,78-284,1], p < 0,0001) Ta 3a-
crocyBanHs Hedporokenunux npernapatis (BII = 3,89; 95% /1 [2,22-6,82], p < 0,0001) 6y TicHO 1MOB’si3aHi 3 POSBUTKOM
I'YH. V¥ nartienTiB JiTHbOTO BiKy TaKOX BHUSBJICHO 3HAYHO MiABUINIEHNI pusnk BUHUKHeHHS ['YH mopiBHAHO 3 Mosommmmu
Bikosumu rpymamu (BIII = 2,56; 95% 1 [1,32-4,97], p = 0,048).

Bucnoexu. I'YH € nommpennM ycKJIagHeHHSIM cepejl TAIiEHTIB, MPUIOMY JiTHIH Bik i HasBHicTh XXH € KimouoBumu dax-
TOpaMH PU3WKY HOTO PO3BUTKY. 3aCTOCYBaHHS He(POTOKCHIHUX TIPETapaTiB TaKoXK IPOJEMOHCTPYBAJIO CUIBHUI 3B’SI30K i3
possutkom ['YH. Xoua narient 3 I'YH nepedysaiu y BIT 10BIe, I0Ka3HUK 3arajibHOI CMEPTHOCTI ICTOTHO He Bi/Ipi3HSIBCS
Mmixk martientamu 3 ['YH Tta 6e3 nporo. 11i pesy/braTi miaKpecioloTh BaKIUBICTh PAaHHbOI OIIHKKM PU3KKIB i PETEIHHOTO MOHi-
TOPUHTY He(PPOTOKCUYHUX BIUIMBIB y MAIlIEHTIB Y KPUTUIHOMY CTaHi.

Kmouosi caosa: zocmpe ypasicenns HUpox, XpoHiuna x60pooa Hupox, He@pomoxcuyuni npenapamu, Gaxmopu pusuy, CMepmuicns.

he COVID-19 pandemic, caused by the novel coro-

navirus SARS-CoV-2, emerged as a global health cri-
sis in late 2019 and has since had profound impacts on
societies, economies, and healthcare systems worldwide.
The first cases of the disease were reported in Wuhan,
Hubei Province, China, in December 2019, with the virus
likely originating from a zoonotic transmission, possibly
linked to a seafood market where live animals were also
sold [1]. On January 30, 2020, the World Health Organi-
zation declared the outbreak a Public Health Emergency
of International Concern, and by March 11, 2020, it was
characterized as a pandemic [2].

Common initial COVID-19 symptoms include fever,
cough, fatigue, and loss of taste or smell, though severe
cases can lead to pneumonia, acute respiratory distress
syndrome, and death, particularly among older adults and
those with underlying health conditions [3, 4].

The scientific community responded rapidly to the
pandemic. By December 2020, multiple vaccines had been
developed and authorized for emergency use, marking a
historic achievement in vaccine development. Vaccines
from Pfizer-BioNTech, Moderna, AstraZeneca made a
huge impact on controlling COVID-19 pandemic [5].

In a large cohort of patients with COVID-19 symptoms
described at the beginning of the pandemic, 81% had a
mild course, 14% had a severe course, and 5% had a critical
course with multiple organ failure with the mortality rate
near 50% [6]. Nowadays, after worldwide vaccination, the
level of severe and critical course decreased substantially,
severe forms of COVID-19 can still lead to acute cardiovas-
cular failure, acute kidney injury (AKI), cardiac arrhyth-
mias, coagulopathy, ischemic or hemorrhagic stroke, and the
optimal treatment strategy needs to be clarified [7, 8].

AKTI, which is defined by a sudden decline in kidney
function, which is typically identified by a rise in serum
creatinine and/or a reduction in urine output, is frequent-
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ly observed in critically ill COVID-19 patients. Studies
indicate that it occurs in 20—-40% of individuals admit-
ted to intensive care units (ICU) [9]. AKI has few basic
contributors in COVID-19: among them systemic inflam-
matory response, sepsis, disturbances in renin-angiotensin-
aldosterone homeostasis, rhabdomyolysis, and even direct
viral kidney injury [10].

Identification of kidney-related complications in
COVID-19 patients, along with the implementation of
therapeutic strategies to prevent AKI or decrease its pro-
gression to more severe stages, is crucial for reducing mor-
bidity and mortality in hospitalized patients.

The objective: to investigate the incidence, risk fac-
tors, clinical characteristics, and outcomes of AKI in pa-
tients with severe and critical COVID-19.

MATERIALS AND METHODS

A retrospective analysis of the treatment outcomes of
1,311 patients in Kyiv City Clinical Hospital No. 17 with
City Clinical Hospital the treatment out test, who were
hospitalized from September 2020 till December 2021,
was conducted.

The inclusion criteria for the study were: a diagnosis
of “coronavirus disease” confirmed by a PCR (Polymerase
Chain Reaction) test for COVID-19; patients’ age over
18 years; severe (in the presence of the following factors:
respiratory rate > 30 breaths/min; blood oxygen satura-
tion Sa0, < 92%; PaO,/FiO, < 300 mmHg; pulmonary in-
filtrates > 50% with their progression within 24—48 hours)
or critical course (severe multi-organ failure, decreased
level of consciousness according to the Glasgow Coma
Scale) coronavirus disease [5]. 252 (19.2%) patients have
meet inclusion criteria. Exclusion criteria comprised: (1) re-
fusal to participate by the patient or their legal representa-
tive, (2) in-hospital mortality within 24 hours of admis-
sion (n = 30), (3) active pulmonary tuberculosis (n = 1),
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and (4) transfer to other healthcare facilities. Taking into
account the exclusion criteria, the observation group con-
sisted of 221 (87.7%) patients (113 (51.1%) women and
108 (48.9%) men). Among them, 78 (35.3%) patients had
AKI during hospitalization. AKI was classified according to
the Kidney Disease: Improving Global Outcomes (KDIGO)
on 3 stages based on serum creatinine (SCr) levels:

— stage 1: arise in SCr by 0.3 mg/dL within 48 hours or

a 1.5- to 1.9-fold increase from baseline within 7 days;

— stage 2: a 2.0- to 2.9-fold increase in SCr from base-

line within 7 days;

— stage 3: a 3-fold or greater increase in SCr from

baseline within 7 days or the need for renal replace-
ment therapy (RRT) [11].

The estimated glomerular filtration rate (eGFR) was
determined using the Chronic Kidney Disease (CKD)
Epidemiology Collaboration creatinine equation.

Analysis of medical records, demographic, clinical and
laboratory data was performed. Prescription of nephrotoxic
agents at least one time during hospitalization (non-steroidal
anti-inflammatory drugs, antibiotics (vancomycin, amino-
glycosides, piperacillin-tazobactam, cephalosporins, colistin/
polymyxin B), proton pump inhibitors, iodinated contrast)
were evaluated. The diagnosis of CKD was identified based
on: documented medical history (prior diagnosis of CKD
by nephrologists or hospital records) and laboratory crite-
ria (persistent eGFR < 60 mL/min/1.73 m? for > 3 months
or proteinuria > 30 mg/g creatinine in patients past re-
cordings). CKD stages 3—5 (eGFR < 60 mL/min/1.73 m?)
were considered as risk factors and were analyzed in risk
factors evaluation of AKI in COVID-19.

Additionally, the need for mechanical ventilation,
treatment strategy and vasopressor support of the di-
sease was studied.

The requirement for consent was waived by the Ethics
Committee of Bogomolets National Medical Universi-
ty (Protocol No. 12, 24.04.2024) due to the retrospective
analysis of anonymized patient records.

Statistical analysis

Normal distribution of variables was assessed using
the Shapiro—Wilk test. Categorical variables were sum-
marized as the total count and percentage for each cate-
gory, while continuous variables were expressed as either
the mean * standard deviation or the median and range.
Since most of the data ware categorical variables, the
x? (chi-square) test was used to assess the statistical sig-
nificance, and for small sample sizes (less than 5), the
Fisher exact test. Comparison of continuous variables in
independent samples was done using the Mann—Whit-
ney U test. The initial database was formed in Micro-
soft Excel, and statistical processing of the results was
performed on a personal computer using the program
Statistica 6.1 (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Among 221 patients who underwent retrospective
analysis, 176 (79.6%) patients were initially hospitalized to
the other departments, and were subsequently transferred
to ICU, 45 (20.4%) patients were hospitalized directly
to the ICU from emergency department. 127 (57.5%)
patients were discharged from the hospital (54 (35.4%)
men and 73 (64.6%) women (age 61.00 + 9.41 years)) and
94 (42.5%) patients died (54 (57.5%) men, 40 (42.5%)
were women, age 71.20 = 10.29 years).

In our cohort, 78 (35.3%) patients had AKI. Demo-
graphic and clinical data of the patients with AKI is pre-
sented in Table 1.

P-value < 0.05 was considered statistically signifi-
cant between patients the patients with AKI and those
without (non-AKI) (Table 2) reviled that proportion of
male patients was similar between groups (47.4% vs 49.7%,
p = 0.752). Age distribution showed that patients with AKI
were frequently older (p = 0.048). Comorbidities such as
cardiovascular disease (CVD) and diabetes mellitus (DM)
showed no significant difference, but CKD was markedly
higher in AKT patients (20.5% vs 0.7%, p < 0.0001).

Table 1

Baseline characteristics of GOVID-19 patients with and without AKI

L AKI (n =78) Non-AKI (n = 143) Total (n =221)
Characteristics p-value
n % n % ] %
Male 37 47.4 71 49.7 0.752 108 48.9
Age groups, years
18-44 8 10.3 17 11.9 25 11.3
45-59 16 20.5 33 23.1 0.048* 49 22.2
60-74 31 39.7 73 51.0 104 471
75-95 23 29.5 20 14.0 43 19.5
Comorbidities
CVD 31 39.7 74 51.7 0.087 105 47.5
DM 19 24.4 22 15.4 0.101 41 18.6
CKD 16 20.5 1 0.7 <0.0001* 17 7.7
Cancer 3 3.8 10 7.0 0.342 13 5.9
CORD 2 2.6 8 5.6 0.301 10 4.5
BMI, kg/m? 30.4 (26.3; 38.3) 29.4(25.2;40.1) 0.345 29.1(24.5; 38.3)

Notes: * — p-value < 0.05 was considered statistically significant; AKI — Acute Kidney Injury; CVD — Cardiovascular Disease; DM — Diabetes Mellitus;
CKD - Chronic Kidney Disease; CORD — Chronic Obstructive Respiratory Disease; BMI — Body Mass Index.
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Table 2

Laboratory findings in COVID-19 patients with and without AKI

o AKI (n =78) Non-AKI (n = 143) Total (n =221)
Characteristics p-value
n % n % n %
Laboratory findings
Erythrocyte count, x 10"2/L 4.0(3.7;4.3) 4.2(3.8;4.4) 0.076 4.1(3.8;4.5)
Hemoglobin, g/L 103 (91; 114) 105 (92; 118) 0.453 104 (92; 119)
Leukocytes count, x 10%/L 11.9(8.9; 16.5) 11.4(8.7; 15.5) 0.098 11.5(8.8; 15.9)
CPR, mg/L 89.1 (53.5; 145.9) 87.4 (51.3; 138.9) 0.067 88.4 (52.3; 141.2)
Ferritin, ng/mL 395.5(192.3;419.8) 390.1(190.3; 412.8) 0.19 394.2 (194.8; 420.8)
Creatinine, umol/L 105 (98.5; 140.7) 81(72.3;122.7) <0.0001* 88 (78.3; 125.7)
IL-6, pg/mL 9.8 (5.2;38.1) 7.1(4.2;27.1) <0.0001* 8.4 (4.3;36.1)
eGFR, mL/min/1.73 m? 70.5+23.1 84.1+21.7 <0.0001* 75.1+22.0
KDIGO stage
1 46 59.0 - - - 46 20.8
2 17 21.8 - - - 17 7.7
3 15 19.2 - - - 15 6.8
RRT indication 7 9.0 - - - 7 3.2
Clinical findings
Nephrotoxic medications 51 65.4 47 32.9 <0.0001* 98 44.3
Mechanical ventilation 35 44.9 66 46.2 0.854 101 45.7
Length of stay in the ICU 8.9+7.1 6.3x5.1 0.012* 72%1.2
Mortality 31 39.7 61 42.7 0.959 94 42.5

Notes: * — p-value < 0.05 was considered statistically significant; AKI — Acute Kidney Injury; CRP — C-Reactive Protein; IL-6 — Interleukin-6; eGFR — Estimated

Glomerular Filtration Rate; KDIGO - Kidney Disease: Improving Global Outcomes; RRT — Renal Replacement Therapy; ICU — Intensive Care Unit.
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nificantly more common in AKI patients (65.4% vs 32.9%,
p < 0.0001), while mechanical ventilation rates are simi-
lar (44.9% vs 46.2%, p = 0.854). Despite ICU stay was long-
er for AKI patients (8.9 vs 6.3 days, p = 0.012), but over-
all mortality did not significantly differ (39.7% vs 42.7%,
p = 0.959).

Most often AKI occurred on ICU admission (18 pa-
tients) and on Day 1 (20 patients), followed by a gradual
decline over the next days, with a secondary increase on
Day 7+ (14 patients) (Figure).

Comparison of laboratory parameters between patients
with AKI and those without (non-AKT) indicate higher
creatinine levels in AKI patients (105 vs 81 pmol/L),
lower eGFR (70.5 vs 84.1 mL/min/1.73 m? p < 0.0001)
and higher 1L-6 (9.8 (5.2; 38.1) vs 8.4 (4.3; 36.1) pg/mL,
p < 0.0001), while hemoglobin, leukocytes, CRP, and fer-
ritin levels showed no significant differences. AKI severity
according KDIGO staging reveled 59.0% of patients had
stage 1, 21.8% — stage 2, and 19.2% — stage 3. Clinical
findings show that nephrotoxic medication use was sig-
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Table 3

OR and 95% CI for Risk Factors Associated with AKI

Characteristics

95% CI

Male gender 0.915 [0.527-1.587] 0.752
Age groups, years

18-44 0.847 [0.34-2.11] 0.720

45-59 0.857 [0.43-1.71] 0.660

60-74 0.634 [0.36-1.12] 0.120

75-95 2.56 [1.32-4.97] 0.048

CvD 0.62 [0.35-1.09] 0.087

DM 1.78 [0.89-3.56] 0.101
CKD 36.86 [4.78-284.1] < 0.0001

Cancer 0.52 [0.14-1.95] 0.342

CORD 0.45 [0.09-2.18] 0.301
Nephrotoxic medications 3.89 [2.22-6.82] < 0.0001

Mechanical ventilation 0.95 [0.54-1.67] 0.854

Notes: AKI - Acute Kidney Injury; CVD - Cardiovascular Disease; DM — Diabetes Mellitus; CKD — Chronic Kidney Disease;
CORD - Chronic Obstructive Respiratory Disease; OR — Odds Ratio; Cl — Confidence Interval.

Using our cohort data, we computed odds ratios (OR)
with 95% confidence intervals (CI) to identify risk fac-
tors associated with AKI development in ICU-admitted
patients with severe/critical COVID-19 (Table 3).

The analysis of risk factors associated with AKI re-
vealed that patients with CKD had a markedly higher risk
of developing AKI, with an OR of 36.86; 95% CI [4.78—
284.1], p < 0.0001. Similarly, the use of nephrotoxic medi-
cations was strongly associated with AKI (OR = 3.89;
95% CI [2.22-6.82], p < 0.0001). Older patients aged 75—
95 years also had a significantly increased risk of AKI com-
pared to younger age groups (OR = 2.56; 95% CI [1.32—
497], p = 0.048). Other factors, such as gender, CVD,
DM, cancer, chronic obstructive pulmonary disease, and
mechanical ventilation, did not show statistically signifi-
cant associations with AKI in our study.

Although COVID-19 primarily affects the respira-
tory system, kidney involvement is frequently observed,
ranging from mild proteinuria to severe AKI and need for
RRT. The mechanism underlying AKI in COVID-19 pa-
tients is multifactorial and includes virus-mediated injury,
cytokine storm, activation of the angiotensin IT pathway,
hypercoagulation, etc. [12].

Evidence suggests that SARS-CoV-2 directly infects
the kidneys by binding to ACE2 (Angiotensin-Converting
Enzyme 2) receptors, leading to renal cell damage. Stu-
dies using ACE2 staining have demonstrated that the kid-
neys and bladder are highly enriched with ACE2, making
them particularly vulnerable to viral invasion [13]. ACE2
proteins are predominantly expressed on the proximal
tubular apical membranes and, to a lesser extent, in po-
docytes. It is hypothesized that the virus initially infects
glomerular endothelial cells through the arteriole and glo-
merular capillaries, subsequently spreading to podocytes
and binding to receptors in the proximal tubules. This
process can result in acute tubular necrosis, protein leaka-
ge into Bowman’s capsule, collapsing glomerulopathy, and
mitochondrial dysfunction [14].
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Studies showed that, inflammatory infiltration of the
renal interstitium is primarily composed of lymphocytes
and plasma cells, with occasional eosinophils [6]. Acti-
vated lymphocytes migrate to kidney tissue to elimi-
nate infected cells and release inflammatory cytokines,
causing local inflammation and tissue damage. Further-
more, cytotoxic particles and proinflammatory cytokines,
which are highly expressed in lymphocytes, exacerbate
kidney injury [15].

Among the cytokines, IL-6 plays a central role by sti-
mulating renal endothelial cells to release pro-inflamma-
tory chemokines and cytokines, and we reviled its higher
level among patients with AKI [16].

One of the first studies in China reporting a lower
rate of AKI among 1,099 hospitalized patients, which was
only found in 6 patients (0.5%) [17]. However, Yang et
al. reported a 29% incidence of AKI among 52 critically
ill COVID-19 patients, which was associated with the se-
verity of pneumonia [18]. Overall, the incidence of AKI
ranged from 3.5% in moderate disease patients to 42.9% in
critically ill patients [19]. Our data reveled 35.3% among
patients with severe and critical course of COVID-19, and
most patients presented with AKI either at admission or
within the first two days.

Data showed that AKI was independently associated
with higher mortality [20-22], however we didn’t find
higher mortality in our cohort. Probably, the explana-
tion can be high percentage of nephrotoxic drugs in our
patients with AKI, that was 65.4%, especially antibiotics,
which could cause additional laboratory AKI, but with
good outcome in case of its discontinuation. Data also
showed a link between rapid kidney function recovery
and improved short-term survival [23], and only 7 pa-
tients required RRT.

We also concluded, that patients with CKD had a
substantially higher risk of developing AKI. Further-
more, older patients aged 75-95 years were at a signifi-
cantly increased risk of AKI compared to younger age
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groups. These findings underscore the importance of
closely monitoring patients with CKD, those receiving
nephrotoxic medications, and elderly individuals, as they
are at a heightened risk of AKI. Early identification and
targeted interventions for these high-risk groups are cru-
cial to reducing the incidence and severity of AKI, ulti-
mately improving patient outcomes. Further research is
warranted to explore additional risk factors and refine

preventive strategies.

anest.sereda@gmail.com

CONCLUSIONS

AKI was a common complication, with older age and
pre-existing CKD identified as key risk factors. The use of
nephrotoxic medications also showed a strong association
with AKI development. While AKI patients had longer ICU
stays, overall mortality did not differ significantly between
those with and without AKI. These findings emphasize the
importance of early risk assessment and careful management
of nephrotoxic exposures in critically ill patients.
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