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ABSTRACT

Introduction: In COVID-19 patients, acute kidney injury (AKI) is recognized as a cause of high mor-
tality. The aim of our study was to assess the rate and the predictors of AKI as well as survival among
COVID-19 patients.

Methods: We analyzed clinical and laboratory admission data, predictors of AKI and outcomes including
the need for renal replacement therapy (RRT) and mortality at 30 days.

Results: Out of 115 patients, 62 (53.9%) presented with AKI: 21 (33.9%) at stage 1, 7(11.3%) at stage 2,
and 34 (54.8%) at stage 3. RRT was required in 22.6% of patients and was resolved in 76%. Pre-existing
CKD was associated with a 13-fold risk of AKI (p=0.0001). Low albumin (p=0.017), thrombocytopenia
(p=0.022) and increase of creatine kinase over 350Ul (p=0.024) were independently associated with a
higher risk for AKI. Mortality rates were significantly higher among patients who developed AKI compared
to those without (59.6% vs 30.2%, p=0.003). Low oxygen blood saturation at admission and albumin were
found as powerful independent predictors of mortality (OR 0.937; 95%CI: 0.917 — 0.958, p=0.000; OR
0.987; 95%CI: 0.885-0.991, p=0.024, respectively). Longer survival was observed in patients without
AKI compared to patients with AKI (22.01+ 1.703 vs 16.69 + 1.54, log rank p= 0.009).

Conclusion: Renal impairment is significant in hospitalized COVID-19 patients. The severity of the
disease itself is emphasized as main contributing mechanism in the occurrence of AKI, and lower blood
saturation at admission is the strongest mortality predictor, surpassing the significance of the AKI itself.
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INTRODUCTION

Even though three years have passed since
the first outbreak of the COVID-19 pandemic,
many facts regarding its nature, mechanisms of
short- and long-term consequences has remained
unexplained. Besides causing substantial respira-
tory pathology, SARS-CoV-2 demonstrates high
tropism towards many other human organic sys-
tems and tissues [1]. The literature has shown
the kidney as being a highly vulnerable organ

in COVID-19 patients. This can be manifested
in many ways, emphasizing acute kidney injury
(AKI) as the most frequently observed kidney
complication [1, 2]. Unlike the reports from hos-
pitals in China, which presented lower incidence
of AKI in COVID-19 patients [3], multicenter
studies from the USA and Europe reported much
higher rates of AKI (exceeding over 50% in the
ICU), especially in patients who presented with
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more severe forms of the disease, thereby requir-
ing hospitalization [4, 5]. What does not differ in
any country, is that AKI was identified as an inde-
pendent risk factor of mortality and an indicator
of poor prognosis and outcome [2—5]. Therefore,
a vast number of predictive analyses have been
performed to identify the potential risk factors of
AKI incidence and mortality. Also, a great effort
has been invested in defining the exact patho-
physiological mechanisms of AKI, in order to
understand the unique pathways that play a key
role in its occurrence. What is known at present is
that age, chronic kidney disease (CKD), hyperten-
sion, diabetes (or 2 or more comorbidities, except
chronic pulmonary and hepatic diseases) are as-
sociated with higher incidence of AKI. The pub-
lished literature suggests that COVID-19 patients
who developed AKI had a more severe form of
pneumonia, lower blood oxygen saturation, higher
levels of inflammatory markers (CRP, ESR, fer-
ritin), cardiac injury (CK, CK-MB and troponin)
and fibrinolysis markers (d-dimer), higher uric
acid and serum creatinine levels at the admission,
as well as a lower lymphocyte count, hemoglo-
bin, and serum albumin levels [6]. The aim of
our study was to estimate the rate and the pre-
dictions of AKI involvement among COVID-19
patients hospitalized at our department on the day
of admission, and to see the impact of AKI on a
patient's prognosis and life expectancy.

A retrospective cohort study was performed
in our tertiary nephrology hospital to investigate
AKI in patients admitted with COVID-19. The
hospital serves approximately 2.1 million people.

DATA COLLECTION
AND STUDY POPULATION

We analyzed all consecutively admitted pa-
tients with a positive nasopharyngeal swab test
for SARS-CoV-2 from 11 November 2020 to 01
February 2021, including inter-hospital transfers.
Those with a clinical presentation of COVID-19,
and a first positive SARS-CoV-2 swab test on
or until 7days after admission, were included in
the study. Patients with end-stage renal disease
(ESRD) already requiring renal replacement ther-
apy (RRT), and patients with kidney transplants,
were excluded. Patients transferred between two
hospital sites were treated as one admission. The
study was retrospective and was performed ac-

cording to the principles of the Declaration of
Helsinki, in agreement with institutional policy for
obtaining informed consent at hospital admission.

The data that was obtained from the medical
histories and National Electronic Health Records
— Moj Termin (My Appointment) were: demo-
graphics as age and gender, comorbidities (hyper-
tension, diabetes, cardiovascular disease including
ischemic heart disease and heart failure, malig-
nancy, neurological disease including dementia
and lung disease), laboratory results (hemoglo-
bin, neutrophil: lymphocyte ratio, platelet count,
albumin, C-reactive protein,) serum creatinine,
urea, potassium, sodium, calcium, uric acid, liver
injury markers (aspartate aminotransferase-AST
and alanine aminotransferase-ALT), and fasting
admission glucose. Furthermore, the following
data points were noted: admission and peak re-
sults of D-dimer, lactate dehydrogenase (LDH)
and creatine kinase (CK) during hospitalization,
also electrocardiogram abnormalities (including
arrhythmia or ST segment changes) in patients
without such previous medical history, admission
blood saturation on ambulatory air, chest radio-
graph (defined as abnormal if the radiologist’s re-
port is consistent with features of COVID-19), and
reports for thromboembolic events such as deep
vein thrombosis (DVT) or pulmonary embolism
(PE), shock (cardiogenic, hypovolemic, septic or
hemorrhagic. Positive pharmacological history
for ACE inhibitor (ACE) or angiotensin-receptor
blocker (ARB) and immunosuppression use were
also recorded. Based on the World Health Organi-
zation's (WHO) definition for disease severity ac-
cording to the clinical presentation, patients were
categorized as being with a moderate, severe, or
critical form of the disease [9]. Creatinine mea-
surements were obtained for up to the first 30 days
of hospitalization and at the discharge. Validation
of CKD was performed using previous electronic
records and historical estimated glomerular filtra-
tion rate (¢GFR) (explanation below). Outcomes
that resulted in the need for RRT and inpatient
mortality at 30 days were analyzed.

DEFINITIONS
AND CALCULATIONS

Kidney Disease Improving Global Out-
comes (KDIGO) criteria were used for diagnosis
and CKD stage definition. (10) The diagnosis of
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AKI was defined according to KDIGO criteria
(11) and classified accordingly as stage 1 (in-
crease in serum creatinine of >26.5micromol/l
or 1.5-1.9 times baseline creatinine), stage 2 (in-
crease to 2.0-2.9 times from baseline) or stage 3
(increase >3 times baseline serum creatinine or a
peak serum creatinine >353.6 umol/I or initiation
of RRT). Urine output was not included in the
analysis, considering the lack of information. In
order to acquire information on CKD, we recorded
historical baseline creatinine as the most recent
measurement within 8 to 365 days prior to hospital
admission. If no information of CKD was found,
the lowest creatinine during admission in the ab-
sence of RRT was recorded as a baseline, provided
this was within the normal range. If the nadir cre-
atinine was not within the normal range and there
was no record of CKD, baseline creatinine was
imputed based on the gender and race using the
Modification of Diet in Renal Disease (MDRD)
study equation, assuming that baseline eGFR 1is
75 ml/min per 1.73m2 [10]. Baseline eGFR was
calculated using the MDRD formula and the re-
corded baseline creatinine value. Elevated AST
and/or ALT exceeding 3 times the upper limit of
the normal value indicated liver injury [7]. Fasting
glucose above 7mmol/l was assumed significant
for new-onset diabetes [8]. Severity of COVID-19
at admission was estimated according to WHO
criteria, and patients were stratified into 3 catego-
ries (moderate, severe and critical), where patients
with asymptomatic and mild forms of the disease
did not require hospitalization [9]. Patients with
signs of pneumonia and plus one of the following
were defined as with severe form of COVID-19:
respiratory rate >30, severe respiratory distress or
sp02 <90% on room air [9]. Recovery from AKI
was defined as the absence of any stage AKI in the
last recorded creatinine during hospitalization (i.e.
serum creatinine <1.5 times the baseline creati-
nine), in the absence of RRT [12, 13]. Follow-up
creatinine data at 3 to 6 months were collected for
patients with an AKI at stage 3.

STATISTICAL METHODS

Continuous variables are expressed as
mean with standard deviation (SD) or median
with interquartile range (IQR). Nominal data are
presented as an absolute number with percent-

age. Chi-squared or Fisher exact test were used
for comparison between groups for categorical
variables, and Student’s t-test or Wilcoxon rank
test for numerical data. All tests were two-sided,
and a p-value <0.05 was considered as signifi-
cant. In order to identify factors associated with
AKI we used binary logistic regression with odds
ratios (ORs) where 95% confidence intervals
presented (ClIs). With Cox proportional hazards
regression, we performed a time-to-event anal-
ysis for 30-day mortality. Hazard ratios (HRs),
95% ClIs, and Kaplan-Meier survival curves
were performed to show the impact of AKI on
the outcome. Univariate analysis for both the lo-
gistic and Cox regression were used to determine
factors associated with the outcomes, unadjusted
for other variables. Where the association was
significant at p<0.10, the variables were includ-
ed in multivariable models to determine associ-
ation with the outcome adjusting for potential
confounders. This included age, gender, admis-
sion blood oxygen saturation, comorbidities
(CKD, heart disease, diabetes, neurological and
lung disease), AKI stages and laboratory results
(albumin, CRP, neutrophil/lymphocyte ratio, D
dimmers). SPSS statistical package version 21
was used for all statistical analysis.

RESULTS

Out of 146 consecutively admitted pa-
tients, 8 kidneys were transplanted and 23 ESRD
patients on RRT were excluded from the study. A
total of 115 were included into the final analysis.
Most of the patients presented with saturation
below 85% at admission and more than a half
had severe pneumonia on X-ray. The median Ne/
Ly ratio of 9 indicated a severe form of COVID
19 in most of patients, and respiratory failure
was evident at 60%, and other organs were also
affected. Nearly one third of patients had liver
affection or muscle injury (possible rhabdomy-
olysis), 12% were in shock, 20 % had ECG de
novo or worsening signs of arrhythmia and 54%
had AKI. According to the severity index, there
were no patients in the asymptomatic and mild
group. Most of the patients (90%) fulfilled the
criteria for severe and critical illness, and only
10 % were in the moderate group (Table 1).
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Table 1. Admission patient clinical characteristics

All N=115 (%)

SpO2 (%), Median (IQR)

83 (70.91%)

Infiltrations X-ray/CT scan >50% infiltrates, n (%)

58 (53.7%)

Liver lesion (3-fold elevated ALT), n (%) 32 (28%)
De novo DM, n (%) 4 (3.5%)
High temperature, n (%) 92 (80%)
Thrombotic event, n (%) 6 (5.2%)
Arrhythmia (de novo/worsening) n (%) 23 (20%)
Shock, n (%) (hemorrhagic, septic, cardiac) 14 (12.2%)
CRP (mg/L) 98 (35, 135%)
Muscle injury CPK > 350 U/L, n (%) 34 (29.6%)

Ne/Ly Ratio Median (IQR)

9.8 (5.6, 17.9%)

AKI

62 (53.9%)

Admission disease severity category

Moderate, n (%)

11 (9.6%)

Critical and severe n (%)

104 (90,4%)

Abbreviations: SpO2 blood oxygen level, IQOR interquartile range, AL T alanine aminotransferase,
DM diabetes mellitus, CRP C-reactive protein, CPK creatine phosphokinase, Ne/Ly neutrophil

lymphocyte ratio, AKI acute kidney injury.

AKI INCIDENCE AND PATIENT
CHARACTERISTICS

Demographics and baseline clinical char-
acteristics are described in Table 2. Patients
who had developed AKI were significantly old-
er, and no differences were found among gen-
der, presence of diabetes, lung, and neurolog-
ical diseases. A diagnosis of pre-existing CKD
(baseline eGFR<60ml/min/1.73m2), heart dis-
ease and hypertension were more frequent in
AKI patients, (56.7%; 51.6%; and 21%, respec-
tively). The median serum levels of albumin,
hemoglobin, thrombocytes, and calcium were
significantly lower in AKI patients, while the
median levels of neutrophil/lymphocyte ratio,
CK and D-dimer were found to be much higher
in AKI patients (13.1 vs 8.7; 238.5 vs 120.0;
3011 vs 1368, respectively). No difference was
found between patients in respect of AKI and
levels of CRP, ACE/ARB medications use and
occurrence of deep vein thrombosis (DVT) or
PE at the admission.

BINARY LOGISTIC
REGRESSION FOR AKI

The univariate logistic regression analysis
revealed that older patients, those with pre-ex-

isting CKD, hypertension, heart disease, ane-
mia, hypoalbuminemia, and thrombocytopenia
were more prone to AKI. Also, a higher neu-
trophil/lymphocyte ratio, CK and D-dimer lev-
els were associated with AKI. In the multivar-
iate analysis, pre-existing CKD was associated
with a 13-fold risk of AKI (OR 13.04; 95%CI
3.85-44.06, p<0.0001) adjusted for demograph-
ics and comorbidities (Table 3). Other variables
independently associated with increased AKI
risk were low albumin, thrombocytopenia, and
muscle injury (possible rhabdomyolysis). The
neutrophil/lymphocyte ratio remained border-
line significant (p=0.053)

RENAL FUNCTION
AND OUTCOMES

Renal outcomes are presented in Table 4.
Out of 62 cases of AKI, 21 (33.9%) met KDIGO
criteria for stage 1, 7 (11.3%) for stage 2 and 34
(54.8%) for stage 3. A total of 26 patients (22.6%
of total, 41.9% of all AKI) required RRT and the
relevant modalities including CVVHDF, HD, PD
or any modality combination thereof (different
modalities for a single patient were used at dif-
ferent times and according to clinical indication
and resource availability). Of those discharged
alive, AKI had been resolved in 76 %, and 24%
still needed RRT following hospital discharge.
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Table 2. Baseline and admission characteristics and comparison between AKI and non AKI patients.

All (N=115) No AKI (N=53) AKI (N=62) p
Demographics

Age (years) mean (SD) 63.74 (13.6) 58.74 (14.6) 68.02 (11.2) 0.0001

Male n (%) 76 (66.1) 38 (71.7) 38 (61.3) 0.323
Comorbidities

CKD*,n (%) 41 (35.7) 6 (11.3) 35(56.7) 0.000

Malignancy, n (%) 17 (4.8) 4(7.5) 13 21) 0.064

Hypertension, n (%) 88 (76.5) 34 (64.2) 54(87.1) 0.004

THD/HF, n (%) 46 (40%) 14 (26.4) 32(51.6) 0.008

DM, n (%) 35 (30.4) 14 (26.4) 21 (33.9) 0.422

gZ‘g‘éL‘fgczﬁéf)“’;y(% | 15 (13) 4(17.7) 11 (7.5) 0.164

I{;‘;?ﬁffi?flzr()cgg% 10 (8.7) 5(9.4) 5(8.1) 1.0

Medications
ACE/ARB use, n (%) 70 (60.9) 29 (54.7) 49 (66.1) 0.252

Laboratory results

Neutrophil/Lymphocyte

M AL 9.8(5.6, 17.9) 8.7 (5.25, 13.40) 13.1(6.65,2535) | 0.007
((IEQRll;)(mg/ ), Median 98 (35, 176) 83(27.95, 173.5) 106(44.25,178.15) | 0.521
ég’l‘{‘)m‘“ (g/l), Median 36 (33, 40) 38 (34.5, 41.0) 345 (30, 37) 0.001
Hemoglobin (g/dl),

Nl 120.64 (27.8) 127.60 (24.04) 114.68 (29.67) 0.006
Platelet count (x10° /1),

Viadian (R 201.5(130.5,288.0) | 230.5(121.9319.5) | 165.50(115,253.5) | 0.002
(Clglé)(w L) Median 209 (76, 454) 120 (52,307,75) | 238.5(110.25,694.25) | 0.006
Calcium (mmol/L)

Mgt 1.9.(1.8,2.0) 1.98 (1.8, 2.10) 1.88 (1.69,1.98) | 0.000
ga‘li{‘)“er (ng/ml) Median | 19,4 (1026, 8228) 1368 (999, 7664) 3011(1185, 8411) | 0.052

Clinical characteristics

Inpatient PE or DVT, n
(%)
Abbreviations: AKI acute kidney injury, CKD chronic kidney disease, /HD ischemic heart disease, HF heart
failure, DM diabetes mellitus, COPD chronic obstructive pulmonary disease, 4CE-I angiotensin-converting
enzyme inhibitor, ARB angiotensin receptor blocker, CRPC reactive protein, CPK creatine phosphokinase,
PE pulmonary embolism, DV'T deep vein thrombosis, defined as eGFR<60 ml/min/1.73m?

6 3 3 1.0
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Table 3. Univariate and multivariate logistic regression analyses of risk factors associated with the

development of AKI
U'nivariate' re,igr;arsljlil(;l:iq Unagj;sted 95%CI p Adii;l]s{ted 95%CI P
Male 0.625 0285-1372 | 0241 N/A
Age 1.059 1.025-1.094 | 0.001 1.034 0.991-1.078 | 0.121
Malignancy 3.250 0.990 - 10.668 | 0.052 1.009 0.174—5.845 | 0.992
Neurologic disease 2.642 0.788 — 8.858 0.115 N/A
Diabetes mellitus 1.430 0.636—3.194 0.387 N/A
Hypertension 3972 1.487-9.568 | 0.005 0.808 0.186—3.509 | 0.776
ACE/ARB use 1.616 0.760—3.436 | 0213 N/A
ng Cisease (LOYL, 0.842 0.230-3.083 | 0.795 N/A
THD/HF 2,971 13516534 | 0.007 1218 0.361 - 4.107 | 0.781
¢ GFR<60 10.154 3.785-27.274 | 0.000 13.037 | 3.857—44.068 | 0.0001
Hemoglobin 0.982 0.967—0.997 | 0.000 0.998 0.978—1.084 | 0.810
Albumin 0.895 0.831-0.964 | 0.003 0.895 0.797-0.970 | 0.017
CRP 1.000 0.997-1.004 | 0.859 N/A
Thrombocytes 0.995 0.992-0.993 | 0.014 0.994 0.988-0.999 | 0.022
R utrophi/lymphocyte 1.068 1.023—1.115 | 0.003 1.059 0.999—1.123 | 0.053
CPK>350U/L 2.800 11836628 | 0.019 3600 | 1.184—10.950 | 0.024
D dimer>1000ng/ml 2,590 0.944—7.104 | 0.064 0.781 0210-0289 | 0711

Abbreviations: ACE-I angiotensin-converting enzyme inhibitor,

ARB angiotensin receptor block-

er, COPD chronic obstructive pulmonary disease, /HD ischemic heart disease, HF heart failure, eGFR esti-
mated glomerular filtration rate, CRP C-reactive protein, CPK creatine phosphokinase.

Table 4. Renal characteristics and outcomes

A(N=115) | NoAKI(N=53) | AKI(N=62) |p
33;211‘/‘1‘)"' N (10R) 85 (70, 130) 75(67,86.5) | 111.5(77.5,242.50) | 0.0001
gzls/‘;:l‘l‘r‘l‘;le%fﬁ) Median (I0R) 79.27 (43.11, 96.12) 91%3_752?8’ 49.84 (20.49, 82.80) | 0.0001
Admission Cr (umol/l), Median (IQR) | 136 (70.00,500) | 70 (62,87.5) | 462 (170.75, 723.00) | 0.000
RRT, n (%) 26 (22.6) N/A 26 (41.9)
RRT modality, n (%)

HD 26 (22.6) 26 (41.9)
None 89 (77.4) 36 (58.1)
RRT after discharge, n (%) 6 (9.6) N/A 6 /24 (24)
Discharge Cr (umol/l), Mean (SD) 70 (58.5,122.5) | 64.5(55.75,72) | 442(170,723) | 0.000
(Ca{;gc;)’avtggg f)‘;l}’ya;‘i‘g;) n (%) 19/62 (30.6) N/A 19/25 (76%)

Admission outcome, n (%)
Death in hospital 53 (46.1) 16 (30.2) 37 (59.6) 0.003
Discharged alive 62 (53.9) 37 (59.7) 25 (40.3) 0.006

Abbreviations: AKI acute kidney injury, Cr creatinine, /QR interquartile range, eGFR estimated glomerular
filtration rate, RRT renal replacement therapy; HD hemodialysis, SD standard deviation
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COX REGRESSION ANALYSIS

The total mortality rate was 46.1%. Pa-
tients without AKI survived longer than patients
with AKI (22.01+1.703 vs 16.69 £+ 1.54, log
rank p= 0.009), as illustrated in the Kaplan-Mei-
er curve (Fig. 1-A). Also, patients in all stages
of AKI survived less than patients without AKI
(21.42 £ 2.60; 9.857 £ 3.26; 15.76 = 2.017; vs
22.01 £ 1.703, log rank p= 0.006), as shown in
the Kaplan-Meier curve (Fig.1-B).
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(Figure 1. A.) Kaplan—Meier survival curves illus-
trating longer survival for patients without AKI com-
pared to those with AKI (Figure 1B). Kaplan—Meier
survival curves demonstrating worse prognosis in
patients with all stages of AKI compared to those

without.
Table 5. Cox Regression Analyses
Multivariate Cox | Unadiusted | geo0 p Adjusted | 950, p
|_regression analysis OR OR
Sp0, 0.963 0.950 - 0.980 0.000 0.937 0.917 - 0.958 0.000
Male 2.247 1.307 - 3.861 0.003 2.213 1.207 —4.056 0.01
Age 1.555 1.028 — 1.062 0.000 1.059 1.025 - 1.053 0.001
Neurology 2.480 1.297 - 4.741 0.006 ns
AKI stages (0-3) 2.128 1.182-3.813 | 0.012 ns
DM 1.633 0.9111 —2.833 0.081 ns
IHD/HF 2.258 1.310-3.892 0.003 ns
e.GFR <60 0.989 0.981 —0.996 0.003 1.879 0.976 —3.716 0.059
Albumen 0.924 0.885—-0.965 0.000 0.987 0.885—-0.991 0.024
CRP 1.002 1.0 -1.005 0.078 ns
Ne/Ly Ratio 1.022 1.005-1.059 0.011 ns
D dimer>1000 2.077 0.824 -5.235 0.121

Abbreviations: SpO2 blood oxygen saturation, 4K/ acute kidney injury, DM diabetes mellitus, /HD ischemic
heart disease, HR heart failure, e GFR estimated glomerular filtration rate, CRP C reactive protein, Ne/Ly

neutrophil lymphocyte ratio
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Mortality rates were significantly higher
among patients who developed AKI compared to
those who did not (59.6% vs 30.2%, p<0.003).
In the univariate model (Table 5), increased mor-
tality was associated with age, gender, AKI, heart
and neurological diseases, lower blood oxygen
saturation, eGFR, albumen serum levels, and a
higher neutrophil/lymphocyte ratio. The multi-
ple Cox regression analysis for the 30-day mor-
tality rate demonstrated that older age and male
gender were independently associated with the
risk of death at 30 days (Table 5). Low blood sat-

uration at admission and albumin were also pow-
erful predictors of mortality (OR 0.937; 95%CI
0917 — 0.958,p=0.000; OR 0.987; 95%CI
0.885-0.991, p<0.024, respectively). In the fi-
nal statistical model, the CKD marker showed
borderline significance (p=0.059) and AKI lost
its significance.

Patients with clinical presentation of se-
vere and critical form of the disease (Fig.2), ex-
perienced higher mortality compared to those
with moderate form of the disease (0% vs 51%,
respectively).

% 100

0l
90
80
70
60
50 10W
40
30
20
10
0
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N=11

- not survived

Hﬂﬂmﬂﬂﬂlﬂﬂﬂl - Survived

Severe/Critical

N=104

Figure 2. Mortality in respect of clinical presentation at admission

DISCUSSION

We analyzed data from 115 patients, con-
sistent with clinical features for COVID-19, ad-
mitted in our nephrology department during the
first pandemic wave. On the day of admission,
more than half of the patients from our group
(excluding those with kidney transplants and on
a chronic dialysis regime) presented with acute
kidney injury or acute worsening of the pre-exist-
ing CKD. This is consistent with numbers in the
ICU units [4, 5]. This might be explained with
the triage process in the COVID-19 emergency

centers, from whence patients with AKI were in-
tentionally redirected to our unit for further treat-
ment. According to the current evidence, the first
pandemic wave revealed the highest incidence of
AKI. This has been thus subsequently reduced
[5,14]. In our study group, patients with AKI
were significantly older, with known comorbid-
ities for hypertension, heart disease and CKD.
This is consistent with the current published lit-
erature [5, 15]. Patients with pre-existing CKD
had a 13-fold greater risk of developing AKI,
compared to those without. This could be related
to the increased chances of forming microvas-
cular thrombi in COVID-19 patients with CKD,
as some studies report [15]. Our findings about
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the use of ARE/ARB in COVID-19 patients and
the risk of AKI, confirm there is no association
between them, since these drugs do not increase
the susceptibility to the virus, nor promotes en-
dothelial injury [15]. However, we could not find
any association with gender and diabetes in the
prediction of AKI [5, 15]

A previous report pointed out that the se-
verity of the inflammation, the occurrence of AKI
and the percentage requiring dialysis are much
greater in COVID, compared to non-COVID
hospitalized patients. In addition, the recovery
rate is much lower [16, 17]. Hence, there might
be a knowledge gap regarding the occurrence
of AKI which cannot be explained by the tradi-
tional risk factors and pathways. Therefore, our
patients were analyzed regarding their severity
status (based on the clinical manifestations and
known biochemical markers), AKI prediction
and mortality. Almost 90% of the hospitalized pa-
tients, upon admission, were categorized as with
severe or critical forms of the disease, with im-
paired blood oxygen saturation and other organ
concomitant affection. Besides kidney and lung
issues a great percentage of the patients present-
ed with liver lesion (threefold increase in ALT)
and muscle damage (CPK above 350UI). 14 pa-
tients were admitted in a state of shock, 20% had
worsening or new onset of arrhythmia, 4 patients
were diagnosed with de novo DM, and 6 cases of
new thrombotic events were reported. This find-
ing is in line with previous reports, which show
an association of COVID-19 with multi-organ
affection of the virus [18]. Although the exact
pathophysiological mechanisms of AKI devel-
opment, based on the severity of the disease are
not completely explained, the aberrant immuno-
logical response (cytokine storm), the hypoper-
fusion of the kidneys and subsequent ischemia,
the lung-kidney crosstalk, rhabdomyolysis and
the hypercoagulable/prothrombotic state remain
as the main contributing mechanisms [19, 20].
Trying to understand and identify some of the
mechanisms, besides monitoring the biochemi-
cal markers of different organ damage and im-
paired function, we also analyzed the biochem-
ical, inflammatory, and hematological biomark-
ers that have been linked with the severe form of
the disease [21]. We confirmed the significance
in the binary logistic regression analysis for AKI
for the increased NLR, D dimmers and CPK,
also lower platelets, hemoglobin, calcium, and
albumin, emphasizing the hypoalbuminemia,
thrombocytopenia, CPK and NLR as undepend-

able risk factors. These are almost all recognized
as severity biomarkers [21]. Hence, increased
CPK may also indicate viral muscle damage
and rhabdomyolysis that is linked with higher
incidence of renal impairment in COVID-19 pa-
tients [22]. Insufficient data for the myoglobin,
troponin levels and urine-analysis, prevented us
in clarification of the diagnosis rhabdomyolysis
for all the patients. The small number of partic-
ipants in the study was also factor of limitation.
Low platelets and high D dimmers (which may
be partially explained throw several mechanisms
like decreased production because of the cyto-
kine storm), increased destruction (elevating au-
toantibodies and immune complexes), might also
be results of an increased consumption because
of the increased aggregation and formation of
the microthrombi [23]. The viral binding to ACE
2 receptors may neutralize their function and
increase activation of the complement induced
angiotensin II and promote endothelial dysfunc-
tion, platelets activation, hypercoagulability and
microangiopathy with a consequent hypoxia and
hypotension leading to AKI [23, 24]. Hence, the
association of AKI with lower platelet values
can be a result of both the severity of the dis-
ease from one side and the coagulation disorders
from the others [24]. Increased NLR has been
identified as an independent risk factor of severe
forms of the disease and of in-hospital mortality
in COVID-19 patients [25]. Also, there are stud-
ies that demonstrate that patients with sepsis and
increased NLR are at greater risk of developing
AKI, compared to those without high NLR [26].

Lower values of serum calcium were noted
as more frequent in patients with AKI, but be-
cause of the great percent of patients with pre-ex-
isting CKD, potential overlapping between these
two conditions was possible, and more detailed
investigations are needed to consider calcium as
relevant factor of prediction.

The percentage of the patients with AKI
from our study that needed any modality of RRT
was estimated to be around 41%. From the pa-
tients with AKI that were discharged alive, 76%
restored their renal function, and 24% remained
with further need of RRT. This is well correlat-
ed with the published literature [4, 16, 17, 27].
Further follow up analyses are required to esti-
mate the long-term impact of the corona virus
on CKD.

In the other part from our research, we ded-
icated ourselves to identifying the predictors of
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mortality and 30-day survival in COVID-19 hos-
pitalized patients, based on the admission demo-
graphics, clinical and laboratory findings. Al-
though we had an incidence of AKI in more than
half of the study population, the percent of sur-
vival and recovery from AKI did not differ from
the statistics in Europe and the USA [2, 4, 5] A
Kaplan Mayer curve confirmed that for patients
with AKI, regardless the stadium of AKI they
were in, the 30-day survival was worse com-
pared to those without AKI [4, 5]

For the prediction of mortality, we ana-
lyzed each patient’s premorbid characteristics
(age, gender, and medical history) as well as the
laboratorial and clinical findings on admission
day. In the univariate analysis, our patients’ data
already confirmed published findings. Meaning
that older age, male gender, presence of AKI,
preexisting CKD, neurological and cardiovascu-
lar comorbidities, lower oxygen saturation and
albumin on admission, or increased NLR were
associated with increased risk of mortality and
a worse outcome [28, 31]. In the multiple cox
regression, analysis for the 30-day mortality, the
strongest independent predictor of mortality was
the blood saturation upon admission. Patients
with more a severe form of pneumonia and low-
er blood oxygen saturation on admission had the
highest risk of death, even greater than those with
AKI. Male gender and older age kept their signif-
icance. A vast number of studies were conducted
to develop sophisticated prediction algorithms
for mortality and deterioration in COVID-19 pa-
tients, including the 4C Mortality and 4C Dete-
rioration prediction model, in which these three
predictive factors (older age, male sex, and low
admission blood saturation) play key roles [29—
31]. The lower serum albumin, as a marker of se-
vere inflammation and malnutrition, kept its sig-
nificance as a predictor of mortality in our study,
as mentioned in many studies so far, in which
a six-fold increase in poor outcome is registered
in those with hypoalbuminemia compared with
those without [28, 32]. Published literature has
recognized both AKI and previously diagnosed
CKD as factors of possible disease progression
to severe condition, but AKI demonstrated sta-
tistically higher risk for ICU hospitalizations
and mortality than CKD [33]. Nevertheless, we
observed a difference in our mortality prediction
analyzes, in which CKD exceeded the signifi-
cance of AKI itself [33]. This might have been
explained by the high prevalence of the CKD pa-
tients (41%) in our study group and the potential

overlap and inter-dependence between AKI and
CKD.

CONCLUSION

Renal impairment in COVID-19 patients
occurs in significant percentage and is a factor of
poor prognosis. The severity of the disease itself,
explained by the clinical, biochemical, and he-
matological features, is emphasized as the main
contributing mechanism in the occurrence of
AKI. Also, lower blood oxygen saturation upon
admission is also associated with the severe or
critical forms of the disease. This is the stron-
gest mortality predictor, outperforming the sig-
nificance of AKI itself. Developing a prediction
tool is important, so that risk stratification can
be conducted in all patients in the initial stages
of the disease (prior or on the day of the admis-
sion). This could optimize individual care and
prevent unfavorable outcomes.
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Pe3ume

HNPEAUKTUBHU PUSUK-PAKTOPU, KIMHUYKN OCOBEHOCTHU
N PEHAJIEH UCXOJ KAJ XOCIIUTAJIHO JIEKYBAHU NTAHMEHTH
CO KOBU-19 U AKYTHO BYBPEXHO OLITETYBAIBE

Anexcanapa LlaneBcka-Tanecka', Upena Pamba6oBa-bynubernk!,

Kakanna IlrepjoBa MapkoBcka', Mumo3za MuiieHkoBa',

Anpujana CnacoBcka BacuneBa', Buijana 3agpuposa?,

Baagumup Iymescku', F'asmna CeBeporal, JIaga Tpajueckal, Toune CnacoBeku!

! Yuusepsutercka Knnnnka 3a Hedponoruja, Meauiuacku dakynrer, Yausepsurer ,,C. Kupun u
Meroauj“ Bo Cromje, PC Makenonuja

2 UuctutyT 3a anaromuja, Meauiunacku dakynret, Yausepsurer ,,CB. Kupun u Meroauj* Bo Ckomje,
PC Makenonuja

Bosen: AxytHororo O0yopexno omreryBambe (ABO) kaj nmamuenture co KOBU/I-19 e mokaxkan
(hakrop 3a BHCOKa cMpTHOCT. [lenTa Ha Hamara cryauja Oelie ja ce yTBpAAT UHIMACHIIM]aTa U IIPEIUK-
TUBHHUTE (HaKTOPU HA aKyTHOTO OyOpeXHO omreTyBame kaj mamuentute co KOBU/I-19, kako u na ce
OJIpe/I CTalKaTa Ha TPEXKUBYBAmbe.

Metonu: Ananu3upanu Oea KITIMHUYKUATE U Ta00PaTOPUCKUTE MapaMeTpy Ha MAI[HEHTUTE Ha JICHOT
Ha IpUeM BO OOITHHIIA, TPETUKTOPUTE Ha aKyTHO OyOPEIKHO OIITETYBahE, KAKO U KPajHUOT UCXO]T OJ] HETO,
BKJIIy4yBajKH ja oTpedaTa oj] peHajiHa 3aMEeCTUTeNIHA Teparuja U TPHECETIHEBHA CMPTHOCT.

Pesyararu: Ox BkynHo 115 nexyBanu namuentu, 62 (53,9 %) ce npe3eHTHpaa co KIIMHUYKA MaHH-
(ecranuja Ha akyTHO OyOpeskHO omTeTyBame, U Toa: 21 (33,9 %) nps craguym, 7 (11,3 %) BTOp cTaguym
u 34 (54,8 %) tper craquym Ha ABO. Kaj 22,6 % on ucnuranuiure co ABO umarie norpeda o1 JIeKyBambe
CO peHaJIHa 3aMEeCTHUTENIHA Tepanuja, a 76 % oJ HUB ja onopaBuja OyOpekHara (ynkuuja. [Ipeersucrupau-
KaTa XpoHU4Ha OyOpekHa Ooiect Oerie acommpana co 13-kpateH pusuk 3a pa3soj Ha ABO (p = 0,0001).
Huckure Bpeanoctu Ha cepyMckuoT anOymuH (p = 0,017), pombountonenujara (p = 0,022) u Buckounrte
BPEAHOCTHU Ha KpeaTuHUH KuHazata Haja 350U (p = 0,024) ce u3aBouja Kako He3aBUCHU MPEIUKTUBHU (ak-
TOPH aCOLIMPaHU CO BUCOK PH3HK 3a pa3Boj Ha ABO. Cramkara Ha cMpTHOCT Kaj nanuenTute co AbO Gerre
3HAYMTETHO TIOBUCOKA, CIIOPE/ICHA CO OHaa Ha manueHTute 6e3 (59,6 % vs 30,2 %, p = 0,003). Hajcunna
CTaTUCTUYKA 3HAYajHOCT BO MPEJUKIIMjaTa Ha CMPTHOCTA MPEe3eHTUPaa: HUCKaTa KMCIOPOIHa caTypanyja
BO KpBTa Ha JICHOT Ha IPUEMOT U BpeIHOCTA Ha cepyMckuot anoymus (OR 0;937; 95 % CI: 0,917-0,958,
p = 0,000; OR 0,987; 95 % CI: 0,885-0,991, p = 0,024, nocnenosarenHo). [logonro npexuByBame Oerire
3a0enekaHo Kaj manueHTuTe 0e3, CropeeHo co OHUe mTo MaHudecTHpaa koj ouno craguym Ha ABO
(22,01 £ 1,703 vs 16,69 £ 1,54, log rank p = 0,009).

3akuyuok: [Tauuenture co KOBU/I-19 u notpeda ox O0IHUYKO JIeKyBambe AEMOHCTPUPAAT BUCOK
NpPOLCHT Ha OyOpexHOo 3acerame. TemkaTa KIMHUYKATa CIMKa Ha OoJiecTa ce U3/1BOjyBa Kako KIIydeH
(hakTOp BO HacTaHyBamETO Ha aKyTHOTO OyOpekHO omTeTyBame. Huckara kuciopoaHa catypauuja BO
KpBTa Ha JICHOT Ha MPHEMOT € HajCHJIHUOT MPEIUKTOP 3a CMPTHOCT, KOj ja HaJIMUHYBa 3HauajHOCTa Ha
aKyTHOTO OyOpEKHO OIITETYBambe.

Kayunu 360poBu: KOBU/I-19, ABO, nmpenukTopu, CMPTHOCT, TIPUEM, HICXO



