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ABSTRACT

Introduction. COVID-19 was initially considered a predominantly respiratory infection, with mortality associated with
progression of respiratory failure, but currently is recognized as a multisystem disease with a wide range of manifesta-
tions. One of the most common complications of COVID-19 is acute kidney injury (AKI), which predominantly evolved to
chronic kidney disease (CKD). The objective of the study was to investigate the types of acute kidney injury and their prog-
nostic value in hospitalized patients with COVID-19 with evolution to chronic kidney disease.

Material and methods. The study utilized a comprehensive database of patients admitted to general department of
COVID-19 at Timofei Mosneaga Republican Clinical Hospital from 2020 to 2022 years (in total 1000 patients). The first part
of the study was a retrospective study, focusing on patients with confirmed COVID-19 and lung injury was diagnosed by
computer tomography. The second part was a prospective study assessing the prognostic value of inflammatory markers,
renal functional status and kidney injury:.

Results. AKI occurs in 29.6% of patients with COVID-19. The risk of AKI and CKD is higher in patients with more comorbid-
ities, a more severe course of disease, elevated levels of ASAT/ALAT > 1.6 and hematuria at admission, which significantly
increases the risk of progression to CKD. Patients with a history of CKD, and who had ASAT > 40 U/L, ASAT/ALAT > 1.6 and
hematuria, experience the onset of AKI before hospitalization. Independent negative predictors of hospital-developed AKI
include hypertension, Charlson Comorbidity Index > 4 points, respiratory failure, ASAT/ALAT > 1.6, D-dimers > 250 ng/ml,
and hematuria. Hospital mortality in patients with COVID-19 was 20.8%, compared to 8.5% in patients without AKI, and
this rate increased to 50% when AKI developed (p < 0.001).

Conclusions. Patients who developed AKI during admission had a higher incidence of negative outcomes compared to
those with AKI prior to admission. Independent predictors of in-hospital mortality in COVID-19 patients were increased
serum CRP. Death in hospitalized patients with COVID-19 and AKI was independently associated with factors such as age >
75 years, history of CKD, admission to Intensive Care Unit, leukocytosis, and ASAT/ALAT > 1.6.
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of acute kidney injury and their prognostic value in hospitalized
patients with SARS-CoV2 infection with progression to chronic
kidney disease.

The novelty added by the manuscript to the already published
scientific literature

The article defines that patients who experienced AKI during the
acute phase of COVID-19 are at more than 2.5-fold increased risk
of death and de novo formation or progression of CKD or within

Introduction

Following an increased incidence of respiratory infec-
tions that caused respiratory failure in Wuhan, Hubei prov-
ince, China, in December 2019, researchers identified a new
coronavirus, later named by the World Health Organiza-
tion (WHO) “severe acute respiratory syndrome caused by
coronavirus type 2” (SARS-CoV-2). On March 11, 2020, the
spread of the virus was declared a pandemic by the WHO.
Despite all the progress in diagnosis and treatment as well
as active anti-epidemiological measures, the pandemic with
a novel coronavirus (COVID-19) has been one of the most
urgent public health problems.

COVID-19 was initially considered a predominantly re-
spiratory infection, with mortality associated with the pro-
gression of respiratory failure [1, 2]. Currently, COVID-19 is
recognized as a multisystem disease with a wide range of
manifestations [1-3]. One of the most common complica-
tions of COVID-19 is acute kidney injury (AKI). The frequen-
cy of AKI, according to different authors, varies greatly and
requires further study, including the number of those who
required renal replacement therapies also differs [4]. These
epidemiological data are necessary for healthcare planning
because renal replacement treatment increases patient care
costs [5, 6].

The current data on the prevalence of various AKI phe-
notypes in COVID-19, along with clinical features and the
prognostic significance of changes in urinary sediment,
proteinuria, and markers of kidney damage in COVID-19
patients are limited. Retrospective studies report that most
patients with AKI were already experiencing impaired kid-
ney function upon hospitalization [2, 4, 7]. However, as for
now, the prognostic implications and predictors for the de-
velopment of different AKI phenotypes remain undefined.
The study of the predictive role of changes in urinary sed-
iment, proteinuria and biomarkers in the development of
acute renal injury and mortality in real clinical practice may
become the basis for developing an improved algorithm for
managing patients with COVID-19: stratification of patients
at risk of developing AKI, identification of high-risk groups
requiring frequent monitoring of clinical and laboratory pa-
rameters, and adjusting drug treatments.

AKI is a demonstrated risk factor for a poor prognosis
in COVID-19 patients [1, 6, 8]. The data from clinical stud-

180 days of discharge.

ies confirm the increased risk of hospital mortality in pa-
tients with AKI, which underlines the undoubted relevance
of the problem. Despite the large number of publications,
the prognostic role of AKI among mortality predictors is not
completely elucidated.

The consequences of acute kidney injury, incurred in
the acute phase of COVID-19, are less studied. The potential
impact of AKI on the risk of re-hospitalization, death, and
the development or progression of chronic kidney disease
(CKD) after discharge from hospital is less well known. The
high prevalence of COVID-19 and associated AKI highlights
the need to study long-term and renal outcomes for progno-
sis and patient care planning.

Data on the prevalence of AKI in COVID-19 patients are
contradictory and vary widely (from 0.5% to 80.3%) de-
pending on the severity of disease progression [7, 9, 10]. It
has previously been established that AKI is a predictor of
poor prognosis in hospitalized patients with COVID-19 [6,
9, 11]. The high prevalence of AKI in the severe COVID-19
group [1, 3, 12] and the increased mortality risk in patients
with AKI [4, 13, 14] highlight the need to further explore
predictors of kidney damage in this population. Addition-
ally, most studies have investigated the prognosis without
considering the timing of kidney failure onset. The purpose
of the study is to investigate the types of acute kidney inju-
ry and their prognostic value in hospitalized COVID-19 pa-
tients who evolve to chronic kidney disease.

Material and methods

The study utilized a comprehensive database of patients
admitted to general department of COVID-19 at Timofei
Mosneaga Republican Clinical Hospital since 2020 to 2022
years, and included 1000 patients. The study consists of two
parts. The first part was a retrospective study, which includ-
ed hospitalized adult patients with confirmed COVID-19
and lung injury according to computer tomography (CT)
scan of the chest (favorable opinion of the Research Ethics
Committee, minutes N26 from 18.05.2023). Clinical and de-
mographic characteristics of patients are presented in Ta-
ble 1. The exclusion criteria were: repeated hospitalization,
hospitalization less than 48 hours, acute surgical pathology,
transfer to another hospital, single measurement of serum
creatinine during hospitalization.
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Table 1. Clinical and demographic characteristics of patients (n = 1000).

Parameter Result
Men, (%) 49.2%
Age, years, Me (IQR) 68 (54; 79)
BMI, kg/m? M+SD in 828 patients 30+5
Obesity, n (%) 400 (48)
Overweight, n (%) 284 (33)
DM, n (%) 261 (26)
Of them, DM type 2, n (%) 255 (98)
HTA, n (%) 711 (71.1)
From them controlled HTA, n (%) 594 (83)
Anamnesis oncology, n (%) 97 (10)
Of them, relapse at the time of hospitalization, n (%) 46 (47)
Atrial fibrillation, n (%) 153 (15.3)
CKD, n (%) 137 (13.7)
Ischemic heart disease, n (%) 171 (17.1)
Chronic obstructive pulmonary disease, n (%) 67 (6.7)
Cirrhosis, n (%) 12 (1.2)
Charlson Comorbidity Index, CCI, Me (IQR) 3(2;5)

Note: IQR - interquartile range; Me — median; BMI - body mass index; HTA
- arterial hypertension; CKD - chronic kidney disease; CCI - Charlson
Comorbidity Index; DM - diabetes mellitus.

The second part of the paper is a prospective study of
the prognostic value of inflammatory markers (CRP), renal
function test (serum creatinine) and kidney injury (hema-
turia, proteinuria) in the development of AKI and hospital
mortality, general and renal outcomes in patients who de-
veloped AKI in the acute phase of COVID-19.

In all patients, admission physical examination data (sat-
uration O, (Sp0,), blood pressure and heart rate) and data
on home treatment and therapeutic interventions received
during hospitalization were evaluated.

In all patients, a complete blood count was performed
(with erythrocyte count, hemoglobin, leukocytes, lympho-
cytes, platelets), a biochemical analysis of blood with deter-
mination of the level of CRP, parameters of renal function
(creatinine, electrolytes, GFR estimation using CKD-EPI
from 2012), liver function tests (ALAT, ASAT, total bilirubin,
albumin), in some patients procalcitonin, lactate dehydro-
genase (LDH), ferritin, uric acid, coagulation profile with
determination of the level of D-dimer and fibrinogen and
urinalysis. Data from laboratory examinations of patients
are presented in Table 2. All laboratory parameters were in-
vestigated in a local laboratory. Proteinuria was defined as
the presence of more than 0.3 g/1 of protein in urine. Hema-
turia was defined as the presence of more than three eryth-
rocytes in the high-power field, leukocyturia - more than
four leukocytes in the high-power field.

Assessment of kidney function. Changes in serum
creatinine levels according to KDIGO 2012 criteria were
used to detect and evaluate the severity of acute kidney
injury. Baseline serum creatinine was defined as the low-
est serum creatinine value at the time of admission or, if
available, the last serum creatinine value within 6 months
prior to hospitalization. 2 phenotypes of AKI have been
defined - out-of-hospital and hospital acute kidney injury.
Patients who were admittedwith AKI or those who devel-
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oped AKI within the first 48 hours were considered to have
out-of-hospital AKI. Hospital AKI was defined as any record-
ed AKI after 48 hours in hospital. Recovery of baseline renal
function was considered positive dynamics of serum creat-
inine (* 2.5% of normal or baseline) until the end of hospi-
talization (discharge or death). Transient AKI was consid-
ered when AKI resolved within 48 hours, and persistent AKI
was considered when it resolved between 48 hours and sev-
en days after onset. Acute kidney injury was defined as an
acute malfunction that had not resolved within seven days.
A tendency to recover initial renal function was defined as a
decrease in serum creatinine by 25% of its maximum value.

Table 2. Laboratory data of COVID-19 patients at admission (n = 1000)

Parameter Result
Serum creatinine, pmol/L, Me (IQR) 91 (78; 115)
GFR CKD-EPI, ml/min, Me (IQR) 65 (48; 82)

Sodium, mmol/L, Me (IQR)
Potassium, mmol/L, Me (IQR)

138 (135; 141)
413 (3.76; 4.57)

CRP, mg/L, Me (IQR) 73 (29; 125)
ASAT, U/L, Me (IQR) 34 (25; 51)
ALAT, U/L, Me (IQR) 24 (16; 41)
ASAT/ALAT, Me (IQR) 1.38(1,03; 1,86)
Total bilirubin, mmol/L, Me (IQR) 10.2 (7.5; 14)
Serum albumin, g/L, Me (IQR) 34 (30.8;37)
WBC, 10° Me (IQR) 6.1 (4.5; 8.3)
Lymphocytes, 10°, Me (IQR) 1(0.7; 1.4)

Hemoglobin, g/L, Me (IQR)
Platelets, 10°, Me (IQR)
D-Dimers, ng/ml, Me (IQR), available in 814 patients

130 (118; 143)
194 (152; 255)
311 (164; 597)

Hematuria, n (%) 144 (15.5)
Leukocyturia, n (%) 212 (22.8)
Proteinuria, n (%) 279 (30)

Note: IQR - interquartile range; Me - median; GFR CKD-EPI - Equations
for Glomerular Filtration Rate; WBC - white blood cell; CRP -
C-reactive protein; ALAT - alanine aminotransferase; ASAT - aspartate
aminotransferase.

Assessment of the degree of lung injury by CT of the
chest. The degree of lung injury was estimated by CT of the
chest: CT-1 lesion from 1 to 25% of the lungs, CT-2 - 26-
50%, CT-3 - 51-75% and CT-4 more than 75% of the volume
of lung lesion.

Assessment of long-term results. Overall long-term
outcomes (death from any cause within 180 days, readmis-
sion to hospital within 30 days) were assessed by telephone
contact and data were available for 691 (87%) of discharged
patients.

Long-term renal outcomes were assessed by analyzing
data on mean serum creatinine within 180 days of discharge,
which were available in 446 (56%) of discharged patients.
The progression of CKD was considered as a change from
baseline to more severe in line with current recommenda-
tions [2-4].

Statistical analysis of study results. The statisti-
cal processing of the obtained data was performed with
the help of StatSoft STATISTICA 9.0 application software
packages. Distribution verification was performed using
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the Shapiro-Wilk W-criterion criterion. The quantitative
variables were described as M and SD (for the normal dis-
tribution) or as Me and IQR (for the asymmetric distribu-
tion). The significance of differences between two groups
in quantitative variables was assessed using the Mann-
Whitney U criterion. Qualitative variables were represent-
ed by absolute (n) and relative (%) values. All variables
for which significance of differences between groups was
demonstrated were included in multivariate regression
analysis, where 95% OR and CI were determined using lo-
gistic regression. The thresholds for quantitative predic-
tors were established based on the correlation of marginal
probabilities with the selected limit score. Multinomial
logistic regression was performed to examine potential
predictors of out- and out-of-hospital AKI. Mortality pre-
dictors were assessed using multivariate Cox regression
and 95% OR and CI were calculated.

Results

Study of prevalence, severity, phenotypes, risk fac-
tors and predictors of AKI In hospitalized patients with
COVID-19 and lung injury, AKI was determined in 296
(29.6%) cases. 56% had stage I of AKI, 26% stage Il and
18% stage Il according to KDIGO 2012 criteria. 61% (n =
182) of patients with kidney dysfunction were admitted
to hospital with impaired renal function or developed it
within 48 hours of admission. 36% had transient kidney
dysfunction and 29% had persistent kidney dysfunction.
It was found that 55.7% of kidney dysfunction patients
did not recover their initial kidney function by the end of
hospitalization. Less than 20% of patients, whose renal
function was compromised during admission and did not
tend to restore serum creatinine, tended to recover renal
function at discharge.

As a result of the study of risk factors for AKI, patients
who developed AKI, as opposed to patients without AKI,
were found to be older (74 (54; 82) vs 63 (52; 73) years,
respectively, p < 0.0001), had more frequent comorbidi-
ties: HTA (86% vs 65%, p < 0.001), DM (33% vs 23%, p
= 0.001), cardiovascular disease (CVD) (26% vs 14%, p <
0.001), CKD (23% vs 9%, p < 0.001), history of oncological
diseases (17% vs 7%, p < 0.001) and Charlson Comorbidi-
ty Index, CCI higher (5 (3; 6) vs 3 (1; 4), scores, p < 0.0001),
more frequently administered renin-angiotensin-aldoste-
rone system inhibitors (41 % vs 32 %, p = 0.02), loop di-
uretics (10 % vs 4 %, p < 0.001), statins (14 % vs 10 %, p
= 0.006). Inpatient respiratory failure (56% vs 39%, p <
0.001), more severe maximal lung injury were also more
frequently observed among patients with AKI (CT-3 39%
vs 27%, p < 0.001; CT-4 11 % vs 3.6 %, p < 0.001). Labora-
tory data of patients with and without AKI are presented
in Table 3.

According to multivariate regression analysis, indepen-
dent predictors of AKI occurrence were DM (OR 1.79, 95%
CI 1.13-2.83), HTA (OR 1.98, 95% CI 1.08-3.63), oncology
history (OR 2.56, 95% CI 1.27-5.14), Charlson index > 4
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points (OR 2.05,95% CI 1.12-3.74), respiratory failure (OR
2.05, 95% CI 1.34-3.13), lymphopenia (OR 1.65, 95% CI
1.04-2.60), ASAT/ALAT>1.6 (OR 1.88, 95 % CI 1.22-2.89)
and hematuria (OR 2.17, 95 % CI 1.24-3.81) on admission.

Table 3. Laboratory data at admission by presence of AKI
Without AKI With AKI

Parameter (n=704) (n = 296) p
Leukocytes in blood, 107, ) )
Me (IQR) 5.9 (4.5;7.8) 7 (4.9;9.8) <0.0001
Lymphocytes, 10°, Me (IQR) 1.1 (0.8;1.4) 0.8 (0.6;1.2)  <0.0001

Hemoglobin, g/I, Me (IQR) 132 (121; 144) 125 (111; 140) <0.0001
Platelets, 10° Me (IQR) 196 (154; 259) 190 (142;241)  0.02

Serum creatinine, pmol/L 86 (74; 101) 126 (95;166) <0,0001
Potassium, mmol/L 412 (3.8;45) 42 (3.7;4.7) 0.3
CRP, mg/L 64 (23;112) 101 (54;157) <0.0001
ASAT, U/L 33 (24; 47) 38 (26; 55) 0.002
ASAT/ALAT 1.29(0.98;1.72) 1.64 (1.24;2.27) <0.0001
Total bilirubin, pmol/L 10 (7.3; 13) 11 (7.8; 15) 0.04
Albumin, g/L 35 (32; 38) 32(28;36)  <0.0001
LDH, U/L* 325 (248;451) 442 (306; 603) <0.0001

Ferritin, ng/ml** 459 (209; 657) 604 (389; 703)  0.002

262 (144; 477) 480 (250;1016) <0.0001

D-Dimers, ng/ml#

Hematuria, n (%) 68 (10) 76 (26) <0.001
Leukocyturia, n (%) 126 (18) 86 (29) <0,001
Proteinuria, n (%) 171 (24) 108 (36) <0.001

Note: IQR - interquartile range; Me — median; CRP - C-reactive protein;
ALAT - alanine aminotransferase; ASAT - aspartate aminotransferase,
LDH - lactate dehydrogenase; * - available to 378 patients; ** - available to
340 patients; # - available in 814 patients.

Comparative analysis of clinical characteristics
and prognosis of in hospital and out-of-hospital AKI.
After comparative analysis of demographic parameters,
no significant differences between groups were identi-
fied in terms of gender, obesity frequency, diabetes, HTA,
atrial fibrillation, CVD and oncological history. Patients
with hospital-acquired AKI were older (78 (67; 83) vs
72 (62; 80), years, p = 0.002), although belonging to the
same age group, had a higher Charlson index (5 (4; 6) vs
4 (3; 6), scores, p = 0.02). When comparing anamnestic
renal function data, there were no differences in the in-
cidence of CKD and mean serum creatinine prior to hos-
pitalization. No significant differences were found when
analyzing differences between groups in pre-admission
treatment. When comparing clinical data at admission,
no statistically significant differences were found in the
incidence of respiratory failure and hemodynamic dis-
orders. When studying differences in laboratory data at
admission, patients with AKI that occurred out-of-hos-
pital and those that developed AKI during hospitaliza-
tion, showed no differences in frequency of changes in
blood count, levels of inflammatory markers, liver dys-
function and clotting disorders, frequency of changes in
urine summary examination. Maximum laboratory mean
values during for in-hospital and out-of-hospital AKI are
presented in Table 4.
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Table 4. Maximum laboratory average values during hospitalization for in- and out-of-hospital AKI.

Parameter, Me (IQR) Out-o(fr-l}:)iglzt?l AKI H(()rslp:ltf L}A)K ! p
Leukocytes > 10x10%, n (%) 99 (54) 86 (75) <0.001
Lymphocytes min, 10° 0.6 (0.4; 0.9) 0.4 (0.3;0.7) 0.0002
Lymphocytes < 1,2x10° n (%) 157 (86) 108 (95) 0.02
Creatinine max, pmol/L 163 (130; 245) 198 (128; 294) 0.1
Potassium max, mmol/L 5(4.4;5.8) 5.1(4.42;5,9) 0.4
CRP max, mg/L 151 (96; 234) 206 (146; 270) 0.002
ASAT max, U/L 53 (33; 94) 62 (42;120) 0.04
Total bilirubin max > 21 pmol/L, n (%) 39 (21) 40 (35) 0.01
D-Dimers max, ng/ml 1317 (417; 3396) 2079 (780; 5150) 0.009

Note: AKI - acute kidney injury; IQR - interquartile range; Me — median; CRP - C-reactive protein; ASAT - aspartate aminotransferase; min - minimum values

during hospitalization; max - maximum values during hospitalization

Maximum lung involvement (8% vs. 7%, p < 0.05) and
progression of lung injury volume (39% vs. 26%, p = 0.03)
were observed more frequently in patients with hospital
AKI compared to developed AKI until hospitalization. Pa-
tients who developed AKI during hospitalization were more
likely to experience transfer to the intensive care unit (59%
and 41%, p < 0.05), initiation of artificial pulmonary ven-
tilation (49% and 33%, p < 0.05), and hospital mortality
(73% and 36%, p < 0.001) than those who had acute kidney
injury to hospitalization.

Estimation of prognostic value of inflammatory
markers, renal functional status and kidney injury for
AKI occurrence and death during hospitalization. The
incidence of AKI within the group was 24%, 56% had stage
I, 25% stage Il and 19% stage IlI. Patients with AKI com-
pared to the group without AKI were found to have high-
er serum CRP (114 (66; 194) vs 68 (35; 105), mg/L, p =
0.01), serum creatinine (143 (107; 173) vs 85 (76, 100),
umol/L, p < 0.0001), erythrocytes in urine (3.5 (0; 10) vs
0 (0; 1), p = 0.04) and protein in urine (0.3 (0.2; 0.5) vs 0
(0; 0,15), g/L, p = 0,0003). After regression analysis using
7 separate models, proteinuria (p = 0.02), CRP (p = 0.03)
and serum creatinine (p = 0.001) showed significant asso-
ciations with AKI, whereas hematuria was not statistically
significant.

After comparing groups of surviving vs. deceased pa-
tients, deceased patients had higher levels of proteinuria at
admission (0.2 (0.15; 0.5) vs 0.12 (0; 0.25),g/L,p=0.03) and
serum creatinine (136 (86; 167) vs 86 (79; 107), umol/L,
p = 0.05) and CRP (147 (99; 149) vs 65 (35; 105), mg/L,
p = 0.0009). After performing regression analysis using 5
separate models for each predictor, CRP and serum creati-
nine showed significant associations with mortality, where-
as proteinuria was not statistically significant. The optimal
limit values for the above biomarkers for predicting hospi-
tal mortality were determined based on the correlation of
marginal probabilities with the selected cut-off score.

Analysis of short-term outcomes and mortality pre-
dictors in hospitalized patients with COVID-19. The me-
dian duration of hospitalization was 11 (9; 15) days. 248
(24.8%) patients were in intensive care for at least one day,
136 (13.6%) patients underwent invasive ventilatory sup-
port, 89 (8.9%) - required vasopressor support. Thrombo-

embolic complications occurred in 6% of patients. Renal re-
placement therapy was performed in 10 (1%) patients. 208
(20.8%) patients died in hospital. Mortality was higher in
intensive care compared to the general profile ward (56 %
vs. 9 %, p < 0.001). Mortality was significantly higher in the
acute kidney injury group (50% vs 8.5%, p < 0.001).

Patients who died in hospital were found to be older (79
(67; 85) vs 64 (52; 73), years, p < 0.0001), more frequently
had comorbidities, were admitted with respiratory failure
(58% vs 41%, p < 0.001), were admitted to intensive care
(67% vs 14%, p < 0.001) and had AKI (71% vs 19%, p <
0.001). It was established that during hospitalization, pa-
tients who died had higher leukocytosis (80% vs 23%, p <
0.001), lymphopenia (96% vs 69%, p < 0.001), hemoglobin
below 120 g/1 (41% vs 24%, p < 0.001) compared to sur-
vivors, platelets below 150x10° (48% vs 28%, p < 0.001),
hypoalbuminemia (97% vs 66%, p < 0.001), hematuria
(27 % vs 11 %, p < 0.001), leukocyturia (33 % vs 18 %, p
< 0.001) and proteinuria (37 % vs 26 %, p < 0.001), had
higher CRP levels (210 (146; 285) vs 97 (50; 151), mg/L,
p < 0.0001), serum creatinine (174 (112; 276) vs 93 (80;
115), p < 0.0001), ASAT (70 (41; 122) vs 41 (28; 65), U/L,
p < 0.0001), ASAT/ALAT (1.91 (1.28, 2.57) vs 1.14 (0.84;
1.57), p < 0.0001), total bilirubin (16.5 (11; 27) vs 12 (9;
16), umol/L, p < 0.0001), D-Dimers (2664 (907; 7047)
vs 271 (187; 780), ng/ml, p < 0,0001). Age over 75 years
(OR 2.27,95% CI 1.58-3.27), Charlson comorbidity index >
5 points (OR 1.78, 95% CI 1.17-2.72), AKI (OR 1.65, 95%
CI 1.11-2.46), leukocytosis (OR 2.69, 95% CI 1.80-4.01),
lymphopenia (OR 2.44, 95% CI 1.03-5.79), CRP increase
> 100 mg/L (OR 2.08, 95 % CI 1.27-3.42) and ASAT/ALAT
> 1.6 (OR 2.68, 95 % CI 1.89-3.78) during hospitalization
were independent predictors of mortality according to mul-
tivariate Cox regression.

Patients who died with AKI more frequently had tran-
sient renal impairment (50.5% vs 22%, p < 0.001), more
severe renal injury (stage [ 37% vs 76%, p < 0.001, stage Il
35% vs 21%, p = 0.03, stage 111 28% vs 3%, p < 0.001) and
less frequently had recovery of baseline renal function by
the end of hospitalization (14% vs 74%, p < 0,001).

After comparing discharged and deceased AKI patients,
patients in the second group were older (79 (68; 85) vs 70
(61; 78) years, p < 0.0001), more had hypertension (91% vs
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82%, p = 0.02) and CVD (28% vs 18%, p = 0.04), more had
respiratory failure at admission (62% vs 50%, p = 0.04) and
hospitalized in intensive care units (73% vs 23%, p < 0.001).
Laboratory maximums during hospitalization were analyzed

Table 5. Maximum laboratory values in patients with AKI by mortality rate.
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in relation to hospital mortality in patients with AKI and data
are presented in Table 5. Deceased patients with AKI and
those who recovered showed no differences in the frequency
of changes in urinary sediment, proteinuria at admission.

Parameter, Me (IQR) Survktloisl\xg)h AKI Dea(trklls: V;XE)AKI b

Leukocytes > 10x10° n (%) 62 (46) 123 (83) <0.001
Lymphocytes < 1.2x10° n (%) 123 (83) 142 (96) <0.001
Hemoglobin < 120 g/L, n (%) 77 (52) 93 (63) 0.06
Platelets < 150x10° n (%) 53 (36) 74 (50) 0.01
Creatinine max, pmol/L 147 (119; 189) 243 (158;307) <0.0001
Sodium min, mmol/L 135(131; 138) 136 (131; 140) 0.04
Potassium max > 5.1 mmol/L, n (%) 49 (33) 80 (54) 0.001
CRP max, mg/L 124 (84; 187) 227 (152; 296) <0.0001
ASAT max, U/L 48 (30; 73) 76 (43; 182) <0.0001
ASAT/ALAT max 1.45 (1.04; 1.93) 1.98 (1.42; 2.69) <0.0001
Total bilirubin max, pmol/L 13 (10; 21) 16 (11; 28) 0.006
Albumin min, g/L 29 (24; 33) 23 (19; 27) <0.0001
Procalcitonin max, ng/ml* 0.24 (0.09; 0.7) 1.4 (0.4; 6.8) 0.0002
LDH max, U/L** 404 (273; 571) 660 (440; 967) <0.0001
D-Dimers max, ng/ml 717 (323; 2521) 2711 (1247; 6085) <0.0001
Fibrinogen max, g/L 6.9 (5.4; 7.6) 7 (5.5;7.9) 0.5

Note: AKI - acute kidney injury; IQR - interquartile range; Me - median; CRP - C-reactive protein; ALAT - alanine aminotransferase; ASAT - aspartate

aminotransferase, LDH - lactate dehydrogenase; * - available in 96 patients; ** - available in 160 patients.

According to multivariate regression analysis, patients
with AKI who were 75 years > years of age (OR 1.93, 95% CI
1.33-2.79), CKD (OR 1.67, 95% CI 1.12-2.49) were admitted
to Intensive Care Department (OR 3.34, 95% CI 2.06-5.41),
leukocytosis > 10x10° (OR 2.09, 95% CI 1.32-3.30) and
AST/ALT > 1.6 (OR 2.21, 95% CI 1.54-3.17) during hospi-
talization, all of these factors were independent predictors
of mortality.

Assessment of the prognostic character of AKI in re-
lation to long-term outcomes. For the analysis of long-
term outcomes, 691 patients were evaluated, of which 554
(80%) patients did not have AKI during the acute period of
COVID-19 and 137 (20%) had AKI. Patients who sustained
acute kidney injury and were discharged were older (71
(62; 78) vs 64 (52; 73) years, p < 0.0001), more had HTA
(82.5% vs 66%, p < 0.001), CVD (25% vs 12%, p < 0.001),
atrial fibrillation (18% vs 9%, p = 0.008), cancer (17.5% vs
6.7%, p < 0.001) and CKD (18% vs 9%, p = 0.002), Charlson
index higher (4 (3 (3; 5) vs. score 3 (1; 4), p < 0.0001), more
admitted to intensive care (23% vs. 10%, p < 0.001) and
radiologically had CT-3 and CT-4 (38% vs. 25%, p < 0.05).
According to the Cox multivariate regression, as predictors
of death from any cause within 180 days of discharge, only
the Charlson index (OR 1.46, 95% CI 1.19-1.79) and acute
kidney injury (OR 2.83, 95% CI 1.28-6.26) sustained in the
acute phase of COVID-19 were predictors. At discharge, 792
patients were monitored, 446 (56%) patients had serum
creatinine levels examined within 180 days of discharge.
Clinical and demographic characteristics of patients are
presented in Table 6.

Table 6. Clinical and demographic characteristics of patients who
underwent AKI and in whom renal function was assessed after discharge.

Patients Patients with
Parameter without AKI AKI p
(n=343) (n=103)
Men, n (%) 195 (57) 41 (39) 0.002

Age, years, Me (IQR)
Obesity, n (%)

65(56;73)  71(61;76)  0.006
157/314 (50) 49/89 (55) 0.4

DM, n (%) 90 (26) 34 (32) 0.2
HTA, n (%) 245 (72) 83 (78) 0.09
Angiotensin-convertin

enzgyme inhibitors, n (‘i) 132(39) 37 (35) 09
CVD, n (%) 51 (15) 26 (25) 0.02
Charlson Index, Points, Me (IQR) 3(2;4) 4(3;5) 0.0002
Anamnesis oncology, n (%) 26 (8) 18 (17) 0.003
Atrial fibrillation, n (%) 43 (13) 21 (20) 0.05

CT-3 and above, n (%) 78 (23) 38 (36) 0.005

Admission to Intensive Care
Department, n (%)

34 (10) 26(25)  <0.001

Note: AKI - acute kidney injury; IQR - interquartile range; CVD - cardio-
vascular disease

Data on GFR were divided into two groups, at discharge
and over 180 days, and are presented in Table 7.

It was found that in patients who developed AKI during
hospitalization, the incidence of a decrease in GFR was high-
er by more than 10% compared to GFR at discharge (33% vs
18%, p < 0.05), by more than 20% compared to GFR at dis-
charge (22% vs 6%, p < 0.001) and formation of de novo chron-
ic kidney disease or progression of pre-existing CKD (35% vs
15%, p < 0.001) 180 days after discharge from hospital.
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Table 7. Mean GFR values at discharge and over 180 days of follow-up

On discharge During 180 days

Discharged .. Discharged ..
Parameter, n (%) without Dltharged without Dltharged
with AKI with AKI
s (n=103) Akl (n=103)
(n=343) - (n=343) -
GFR CKD-EPT > 6075 79) 60 (s8)* 269 (78) 56 (54)**

ml/min

GFR CKD-EPI from
59 to 45 ml/min
GRF CKD-EPI from
44 to 30 ml/min
GFR CKD-EPI < 30
ml/min

Note: GFR CKD-EPI - Equations for Glomerular Filtration Rate; *p < 0.05,
**p < 0.001 - the significance of differences between patients with AKI

50 (15)  24(23)* 50(15)  23(22)

19(55) 10 (10) 21(6) 18 (17)**

2(0,5) 9 (8)** 3(1) 6 (5)*

Similarly, according to multivariate regression analysis,
age > 65 years (OR 4.29, 95% CI 1.96-9.38), Charlson index
> 4 points (OR 2.44, 95% CI 1.30-4.59) and AKI develop-
ment (OR 2.54, 95% CI 1.46-4.43) were predictors of de
novo CKD or its progression within 180 days.

Discussion

Given the heterogeneity of the data, even though there
are standardized AKI criteria recognized by the global med-
ical community, the true prevalence of deteriorating kidney
function in patients with COVID-19 is not fully understood.
Thus, the pathogenesis of kidney damage in SARS-CoV-2
infection is multifactorial. First, SARS-CoV-2 can exert a di-
rect cytopathic effect on the kidney. This is supported by the
detection of coronavirus fragments in the urine of SARS-
CoV-2-infected patients determined by polymerase chain
reaction [1, 3, 15]. As mentioned above, SARS-CoV-2 uses
ACE2 to enter the host cell [2]. Therefore, the most common
symptom in patients with CKD and COVID-19 was protein-
uria, which is the result of direct damage to podocytes due
to ACE2 expression [2, 11, 16], a fact also mentioned in our
study. Literature data highlight the presence of hematuria
in 20% of patients infected with COVID-19 [4, 17], a value
comparable to the value in our study. The authors explain
the pathogenesis of hematuria as a consequence of endo-
theliitis leading to coagulopathy and destruction of the
filtration barrier in the renal corpuscles [2, 17-19]. Some
authors, including ourselves, believe that the occurrence of
proteinuria and hematuria in a COVID-19 patient are inde-
pendent predictors of the development of the critical stage
of the disease [6, 13, 20]. Similarly, literature data also indi-
cate that AKI has been diagnosed in patients with COVID-19
more frequently than cardiovascular (23%) and liver (23%)
diseases [11-14, 21]. Of the patients who developed AKI due
to coronavirus infection, one in four patients required con-
tinuous hemodialysis, and 12 (80%) patients died within
the first week of admission [2, 5, 9, 22].

In a large study from the UK, more than half (51%) of pa-
tients with AKI had stage 1, 13% had stage 2, and 36% had
stage 3 AKI [11], similar results to our study. In another trial
from the United States, which included more than 9,000 pa-
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tients, the incidence of AKI was 39.9%, of which 43% had stage
1, 22% had stage 2, and 36% had stage 3 [9, 15]. This differed
in terms of comorbidity compared to our study, but overall
were similar. In another retrospective analysis from Scotland,
which included 554 hospitalized patients with COVID-19, the
incidence of AKI was 60.6%, with the majority of AKI cases
corresponding to stage 3 (55.8%) [17]. In a meta-analysis of 13
studies that reported the severity of AKI, the majority (44%) of
patients with AKI had stage one, 19% had stage two, and 34%
had stage three [13]. This suggest a hypothesis of predomi-
nance of comorbidities influencing the degree and severity of
kidney damage in SARS-CoV?2 infection.

A clinical trial based in a hospital in Wuhan (n = 701)
showed that 5.1% of patients admitted for antiviral treatment
developed acute kidney injury [23]. Among these patients at ad-
mission, 43.9% had proteinuria, 26.7% had hematuria, 13-14%
had elevated serum creatinine levels, and glomerular filtration
rate was less than 60 ml/min. Also, the results of scientific stud-
ies conducted by reputable experts clearly demonstrate that
SARS-CoV-2 infection can provoke the development of chron-
ic kidney disease [24, 25]. While it is still difficult to assess the
long-term effects of the pandemic, these effects are likely to
contribute to an increased incidence of chronic kidney disease.

Conclusions

Acute kidney injury occurs in 29.6% of patients hospital-
ized with COVID-19. In more than half of cases, kidney dys-
function corresponds to the first stage of AKI, begins before
hospitalization, and does not recover until discharge. The
risk of AKI is higher in patients with more comorbidities
and a more severe course of disease. Patients with history
of CKD, AKI often starts before hospitalization. Indepen-
dent negative predictors of hospital-developed AKIs were
HTA, Charlson index > 4 points, respiratory failure, ASAT/
ALAT > 1.6, D-Dimers > 250 ng/ml, and hematuria on ad-
mission. In patients who underwent AKI in the acute phase
of COVID-19, the risk of death and either de novo formation
of CKD, or progression of existing CKD within 180 days of
discharge, is more than 2.5 times higher.
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