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Abstract

Background Acute kidney injury (AKI) in COVID-19 patients is associated with poor prognosis. However, the incidence,
risk factors and potential outcomes of AKI in hospitalized patients are not well studied.

Materials and methods This is a retrospective cohort study conducted in two major university hospitals. Electronic health
records of the patients, 18 years or older, hospitalized between 13 April and 1 June 2020 with confirmed COVID-19 were
reviewed. We described the incidence and the risk factors for AKI development in COVID-19 patients. Furthermore, we
investigated the effects of AKI on the length of hospital and intensive care unit (ICU) stay, the admission rates to ICU, the
percentage of patients with cytokine storm and in-hospital mortality rate.

Results Among 770 hospitalized patients included in this study, 92 (11.9%) patients developed AKI. The length of hospital-
ized days (16 vs 9.9, p <0.001) and days spent in the hospital until ICU admission (3.5 vs. 2.5, p=0.003) were higher in the
AKI group compared to patients without AKI. In addition, ICU admission rates were also significantly higher in patients
with AKI (63% vs. 20.7%, p <0.001). The percentage of patients with AKI who developed cytokine storm was significantly
higher than patients without AKI (25.9% vs. 14%, p=0.009). Furthermore, the in-hospital mortality rate was significantly
higher in patients with AKI (47.2% vs. 4.7%, p <0.001).

Conclusions AKI is common in hospitalized COVID-19 patients. Furthermore, we show that AKI increases the admission
rates to ICU and in-hospital mortality. Our findings suggest that AKI should be effectively managed to prevent the adverse
outcomes in COVID-19 patients.

Keywords COVID-19 - Acute kidney injury - Hospital stay - Mortality

Introduction
< Mehmet Kanbay
mkanbay @ku.edu.tr . . C
Coronavirus disease 2019 (COVID-19), a viral illness affect-
Asiye Kanbay ing multiple organs including the kidneys, has led to high
drkanbay @yahoo.com

Department of Medicine, Division of Nephrology, Koc
University School of Medicine, 34010 Istanbul, Turkey

Department of Medicine, Istanbul University School
of Medicine, Istanbul, Turkey

Department of Pulmonary Medicine, Atasehir Medicana
Hospital, Istanbul, Turkey

Department of Medicine, Koc University School
of Medicine, Istanbul, Turkey

Department of Bioistastics, Koc University School
of Medicine, Istanbul, Turkey

Kog University Research Center for Translational Medicine
(KUTTAM), Istanbul, Turkey

Department of Nephrology, Grigore T. Popa’ University
of Medicine, Tasi, Romania

morbidity and mortality [1, 2]. Several reports indicate that
the presence of acute kidney injury (AKI) in COVID-19
patients contributes to the poor prognosis [3, 4]. The inci-
dence of AKI in patients hospitalized for COVID-19 varies
widely, with some studies reporting an incidence ranging
from 0.5% to as high as 46% [3, 5, 6]. Kidney involvement in
COVID-19 has been associated with the invasion of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
into the kidney tissue via the angiotensin-converting-enzyme
2 (ACE2) expressed in renal proximal tubular cells, glo-
merular visceral and parietal epithelium, and the cytoplasm
of the distal tubules and collecting ducts [7-9].

Acute tubular necrosis (ATN) and endothelial injury
caused by severe inflammation and hemodynamic
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instability have also contributed to the kidney damage in
COVID-19 patients [7, 10]. The characteristics and out-
comes of AKI in patients with COVID-19 have not been
well established. Thus far, there has been a limited number
of studies investigating the incidence and severity of AKI,
the epidemiology of AKI, especially recovery from AKI
in hospitalized COVID-19 patients. In this multi-center
study, we delineate the incidence and risk factors of AKI
in COVID-19 patients. We also investigate the relation-
ship between AKI development and length of hospital stay,
days from first symptom to hospitalization, days spent in
intensive care unit (ICU), days from hospitalization to
ICU, the admission rates to ICU, the percentage of patients
with cytokine storm and in-hospital mortality rate.

Materials and methods

This was a multi-center retrospective cohort study con-
ducted in Istanbul, the largest cosmopolitan city in Turkey.
The patient data were obtained from the electronic health
records (EHRs) of two major university hospitals, Koc
University Hospital and Istanbul University, Faculty of
Medicine Hospital.

Inclusion criteria

All patients included in this study were at least 18 years
old and were hospitalized for COVID-19 infection in one
of the two above-mentioned university hospitals from
April 13, 2020 until June 1, 2020 with follow-up data.

COVID-19 infection was defined by a positive RT-
PCR assay of a specimen collected via nasopharyngeal
sampling. COVID-19 infection was also diagnosed based
on clinical presentation, radiographic lung abnormalities
with chest computed tomography in patients with negative
PCR results according to the Turkish Ministry of Health
‘Covid-19 Diagnosis and Treatment Guideline’ [11]. All
included patients received the same treatment protocol.
The treatment protocol consisted of hydroxychloroquine,
favipiravir and acetaminophen according to the Ministry
of Health ‘Covid-19 Diagnosis and Treatment Guideline’
[11]. Patients were hospitalized based on their clinical,
laboratory and imaging findings (hypoxia, hemodynamic
instability, more than 30% lung involvement in computed
tomography) and hospital bed availability.

The Koc University and Istanbul University Ethical
Committees approved the study protocol allowing for the
analysis of individual patient data.
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Exclusion criteria

We excluded all hospitalized patients tested positive
for COVID-19 younger than 18 years old and who had
a kidney transplantation or having estimated glomerular
filtration rates (¢GFRs) < 30 ml/min/1.73 m? represented
advanced chronic kidney disease or known history of end-
stage kidney disease (ESKD) prior to admission.

Data collection

We gathered, for each patient, the demographic findings
(age, gender, body mass index), the presenting clinical
symptoms (fever, coughing, sputum, dyspnea, fatigue or
myalgia, nausea, diarrhea, anosmia), prior medical history
and prior comorbidities (hypertension, diabetes mellitus,
chronic obstructive pulmonary disease, coronary artery
disease, congestive heart failure, malignancy), medica-
tions used (angiotensin- converting-enzyme inhibitor and
angiotensin II receptor blocker), history of risks (travel
history, contact history, smoking, alcohol), laboratory
findings and data about the hospital and ICU stay from the
electronic health records (EHRs) of the two university hos-
pitals. Laboratory data consisted of complete blood count
(hemoglobin, platelet, white blood cells, neutrophils, lym-
phocyte count, monocyte), electrolyte (sodium, potassium,
chloride), kidney (blood urea nitrogen, creatinine) and
liver function tests (alanine aminotransferase, aspartate
aminotransferase, gamma-glutamyl transferase, alkaline
phosphatase), glucose, lactate dehydrogenase, total pro-
tein, albumin, C-reactive protein, ferritin, triglyceride,
D-dimer, troponin, pro-brain natriuretic peptide, hemosta-
sis parameters (fibrinogen, international normalized ratio,
activated partial thromboplastin time). The data involving
the hospital stay and ICU stay recorded from the medical
charts of the patients. We assessed in-hospital mortality
defined by survival status at discharge.

Definitions of outcomes

AKI, the primary end point, was defined according to Kid-
ney Disease Improving Global Outcomes (KDIGO) crite-
ria: a change in the serum creatinine of 0.3 mg/dl over a
48-h period or 50% increase in baseline creatinine [12].
We used KDIGO criteria to define AKI severity as follows:
Stage 1—increase in serum creatinine by 0.3 mg/dL within
48 h or a 1.5-1.9 times increase in serum creatinine from
baseline within 7 days; Stage 2—2 to 2.9 times increase in
serum creatinine within 7 days; Stage 3—3 times or more
increase in serum creatinine within 7 days or initiation of
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renal replacement therapy (RRT) [12]. The need for acute
dialysis was ascertained from the medical records of the
patients.

The secondary end point of the study was length of hos-
pital and ICU stay, in-hospital mortality associated with
AKI in COVID-19 patients. Lastly, we looked at the asso-
ciation between AKI and development of cytokine storm.
We accepted cytokine storm development if the patients had
hyperactive immune response based on the COVID-19-as-
sociated hyperinflammatory syndrome (cHIS) criteria [13].
AKI was diagnosed according to KDIGO criteria prior to
ICU admission and cytokine storm development.

Statistical analysis

Statistical analysis was performed using IBM Corp. Released
2019. IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp. The normality of continuous vari-
ables were investigated by Shapiro—Wilk’s test. Descriptive
statistics were presented using mean and standard deviation
for normally distributed variables and median [interquartile
ration (IQR)] for the non-normally distributed variables. For
comparison of two normally distributed groups Student’s
t test was used. Non-parametric statistical methods were
used for values with skewed distribution. For comparison
of two non-normally distributed groups Mann—Whitney U
test was used. The y? test was used for categorical variables
and expressed as observation counts (and percentages). The
identify effect of risk factors on outcome Logistic Regres-
sion analysis was performed. Statistical significance was
accepted when the two-sided p value was lower than 0.05.
We performed logistic regression analysis to find associa-
tion of AKI with in-hospital mortality or ICU admission in

COVID-19 patients. We constructed four models for adjust-
ments. The variables of each model were selected accord-
ing to the results of univariate analysis and clinical point of
view. In model 1, we adjusted for only the age variable. In
model 2, we adjusted for age, hypertension history, diabetes
mellitus history, coronary artery disease, congestive heart
failure and malignancy. In model 3, in addition to the vari-
ables in model 2, we adjusted for hemoglobin, lymphocytes,
sodium, blood urea nitrogen, glucose, gamma-glutamyl
transferase, alkaline phosphatase, lactate dehydrogenase,
albumin, C-reactive protein, b-dimer, troponin, pro-brain
natriuretic peptide, international normalized ratio, activated
partial thromboplastin time. In addition to the variables in
model 3, we adjusted model 4 for cytokine storm.

Results
General characteristics of the study population

From April 13, 2020, to June 1, 2020, 14,200 patients
were admitted to Koc University Hospital and Istanbul
Faculty of Medicine Hospital with a possible diagno-
sis of COVID-19 infection. Of these, 900 patients with
COVID-19 were hospitalized due to their clinical status
and all were included into the final analysis. Thirty-four
dialysis patients, twenty-one kidney transplant patients
and seventy-five patients with (¢GFRs) <30 ml/min/1.73
m? were excluded from the study. Tables 1, 2 shows the
demographics, comorbidities, symptoms, medications and
“history of risks” of 770 patients included in the study.
The mean age was 58.4 years and 314 (41.8%) patients
were female while 456 (59.2%) were male. The mean

Table 1 The demographic

. e Total (n=770) AKI (-) (n=678) AKI (+) (n=92) p value
findings, comorbidities,
symptoms, medications and Demographics
‘history of risks’ of the COVID- o5 58.4+15.4 57241438 67.14165 <0.001°
19 patients included in this )
study, stratified according to Gender, female, n (%) 314 (41.8) 275 (40.6) 39 (42.4) 0.823°
acute kidney injury (AKI) status Body mass index, kg/m2 28.1(5.7) 28.1 (5.7) 279 (3.7) 0.491°
Comorbidities, n (%)
Hypertension 322 (42) 267 (39.6) 55 (60.4) <0.001°¢
Diabetes mellitus 173 (22.6) 144 (21.4) 29 (31.9) 0.025°
Chronic obstructive pulmo- 89 (11.6) 76 (11.3) 13 (14.3) 0.505¢
nary disease
Coronary artery disease 93 (12.2) 69 (10.2) 24 (26.4) <0.001¢
Congestive heart failure 50 (6.5) 30 (4.5) 20 (22) <0.001¢
Malignancy 58 (7.6) 44 (6.5) 14 (15.4) 0.005¢

p values in bold indicate statistical significance

4Student’s 7 test
°Chi-square
“‘Mann—-Whitney U test

dYates contiunity correction

@ Springer



1100

International Urology and Nephrology (2022) 54:1097-1104

Table 2 Hospital admission symptom and signs in COVID-19 patients with and without acute kidney injury (AKI)

Total (n=770) AKI (=) (n=678) AKI (+) (n=92) p value

Symptoms, n (%)
Fever 530 (69.2) 479 (71.1) 51 (55.4) 0.002*
Coughing 585 (76.4) 519 (77) 66 (71.7) 0.265*
Sputum 36 (4.7) 33 (4.9) 3(3.3) 0.608°
Dyspnea 330 (43.1) 267 (39.6) 63 (68.5) <0.001*
Fatigue or myalgia 606 (80.1) 535 (80.5) 71(77.2) 0.552°¢
Nausea 124 (16.8) 109 (16.6) 15 (18.1) 0.863¢
Diarrhea 98 (13.3) 90 (13.7) 8 (9.6) 0.387°¢
Anosmia 53(7.2) 51 (7.8) 2(24) 0.118°
Medications, n (%)
Angiotensin-converting-enzyme inhibitors and/or 192 (25.3) 162 (24.2) 30 (33) 0.071°

Angiotensin II receptor blocker, n (%)
History of risks, n (%)
Travel history 10 (1.3) 9(1.4) 1(1.1) 1.005°
Contact history 243 (32.8) 221 (33.9) 22 (24.7) 0.106°
Smoking 94 (12.2) 83 (12.7) 11 (12.2) 1.004¢
Alcohol 12 (1.6) 11(1.7) 1(1.1) 1.005°

p values in bold indicate statistical significance
Chi-square
PFisher’s exact test

“Yates contiunity correction

body mass index of the cohort was 28.8 kg/m>2. Among
patients with cardiovascular diseases, 322 (42%) patients
had hypertension, 93 (12.2%) had coronary artery dis-
ease, and 50 (6.5%) had congestive heart failure. Diabetes
mellitus was found in 173 (22.6%) patients, 89 (11.6%)
had chronic obstructive pulmonary disease and 58 (7.6%)
patients had malignancy. Most of the patients presented
with fatigue or myalgia (80.1%), cough (76.4%), fever
(69.2%) and/or dyspnea (43.1%). Angiotensin-convert-
ing-enzyme inhibitors or angiotensin II receptor blocker
were used by 192 (25.3%) patients. Among patients with
a “history of risks”, 10 (1.3%) patients had a recent travel
history and 243 (32.8%) had a possible contact history,
94 (12.2%) patients were smokers and 12 (1.6%) patients
consumed alcohol. Table 3 shows the laboratory findings
of the patients included in the study.

Table 4 shows the data related to hospital, ICU stays
and in-hospital mortality rates of patients included in the
study. Patients were hospitalized 10.6 days on average,
the mean days passed from first symptom until hospitali-
zation was 5.1. Among the 770 patients, 198 (25.8%) were
admitted to the ICU. The average days spent in the hospi-
tal until ICU admission was 2.7 days. The mean duration
of ICU stay was 15 days. The number of patients who
developed cytokine storm was 94 (15.6%). Within the
cohort, 73 (9.7%) patients died during their hospital stay.

@ Springer

Incidence and characteristics of acute kidney injury

Among the 770 hospitalized patients included in this
study, 92 (11.9%) patients developed AKI according to the
KDIGO criteria. Patients with AKI were significantly older
compared to those without AKI (median age 67.1 years vs.
57.2 years, p <0.001). The proportion of comorbid condi-
tions including hypertension (60.4% vs. 39.6%, p <0.001),
diabetes mellitus (31.9% vs. 21.4%, p=0.025), coronary
artery disease (26.4% vs. 10.2%, p <0.001), congestive
heart failure (22% vs. 4.5%, p <0.001) and malignancy
(15.4% vs. 6.5%, p=0.005) were higher in AKI patients.
Furthermore, the AKI cohort developed fever less com-
monly (55.4% vs. 71.1%, p=0.002) whereas dyspnea was
significantly more common (68.5 vs 39.6%, p <0.001)
(Table 2).

Patients with AKI had significantly higher levels of glu-
cose, gamma-glutamyl transferase, alkaline phosphatase,
lactate dehydrogenase, C-reactive protein, p-dimer, tro-
ponin, international normalized ratio and activated partial
thromboplastin time compared to patients without AKI.
Moreover, the levels of albumin and hemoglobin were sig-
nificantly lower in patients who developed AKI (Table 3).
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Table 3 The laboratory findings of the COVID-19 patients included in this study, based on acute kidney injury (AKI) status

Laboratory findings® Total (n=770) AKI (-) (n=678) AKI (+) (n=92) p value
Hemoglobin, g/dl 13 (2.4) 13.2 (2.5) 12.4 (2.5) <0.001°¢
Platelets, /pl 210,000 (110,250) 209,000 (108,000) 215,500 (113,475) 0.477¢
White blood cells, /pl 6300 (3577.5) 6300 (3360) 6380 (5947.5) 0.317¢
Blood urea nitrogen, mg/dl 15 (10) 14 (9) 24 (19.8) <0.001°¢
Glucose, mg/dl 115 (36) 114 (33) 130.5 (65.8) 0.001°¢
Aspartate aminotransferase, U/l 27 (21) 27 (20) 32.5(33.3) 0.198°¢
Alanine aminotransferase, U/l 22 (20) 22 (20) 20.5 (21.5) 0.297¢
Gamma-glutamyl transferase, U/ 29 (39) 28 (36) 38 (53) 0.009¢
Alkaline phosphatase, U/l 70 (36) 68 (33) 88 (63.3) <0.001°¢
Lactate dehydrogenase, U/l 253 (121) 246 (116) 289 (131) <0.001°¢
Total protein, g/dl 7.5+4.8 7.6+5.2 6.8+0.8 0.162°
Albumin, g/dl 45+49 47452 3.5+0.7 0.035°
C-reactive protein, mg/l 48 (77.1) 46 (73) 74.4 (90.8) <0.001°¢
Ferritin, pg/L 329 (524.5) 326 (479.5) 384.5 (898.5) 0.071°¢
p-Dimer, pg/ml 790 (1037.5) 730 (917.5) 1230 (1670) <0.001°¢
Troponin, ng/ml 7 (15) 6 (10) 34 (54.5) <0.001°¢
Pro-Brain natriuretic peptide, pg/ml 110.5 (537.8) 85 (297.5) 1100 (3667.5) <0.001°¢
Fibrinogen, mg/dl 528.1+164.6 526+163.9 541.5+169.4 0.427°
International normalized ratio 1(0.1) 1(0.1) 1(0.2) <0.001°¢
Activated partial thromboplastin time 29+5 29+5 307 0.049°
Creatinine, mg/dl 1.1 (1.1) 1.1(1.1) 1.5(1.5) <0.001°¢

p values in bold indicate statistical significance

*Median (IQR) were expressed for non-normally distributed data, mean + SD were were expressed for normally distributed data

IStudent’s t test, 2 Mann—Whitney U test

Table 4 The data related to hospital, ICU (intensive care unit) stays and in-hospital mortality of the COVID-19 patients included in this study,

stratified according to acute kidney injury (AKI) status

Total (n="770) AKI (-) (n=678) AKI (+) (n=92) p value
Hospitalized day 8(8) 8(7) 11 (17) <0.001*
Days from first symptom to hospitalization 54) 54) 5@) 0.943%
Days spent in ICU 7(25.3) 5(25.8) 16.5 (16.8) 0.302*
Days from hospitalization to ICU 1(5 04 2(5.5) 0.003*
Admission to ICU, n (%) 198 (25.8) 140 (20.7) 58 (63) <0.001°
Cytokine storm, n (%) 94 (15.6) 73 (14) 21(25.9) 0.009°
In-hospital mortality, n (%) 73 (9.7) 314.7) 42 (47.2) <0.001°

p values in bold indicate statistical significance
*Mann—Whitney U test
®Chi-square test

Association of AKI with ICU admission
and in-hospital mortality

The length of hospitalized days (16 vs. 9.9, p <0.001) and
days spent in the hospital until ICU admission (3.5 vs. 2.5,
p=0.003) were higher in the AKI group. In addition, ICU
admission rates were also significantly higher in patients
with AKI (63% vs. 20.7%, p <0.001) (Table 4). The per-
centage of patients with AKI who developed cytokine storm

was significantly higher than patients without AKI (25.9%
vs. 14%, p=0.009). Furthermore, the in-hospital mortality
rate was significantly higher in patients with AKI (47.2%
vs. 4.7%, p<0.001).

In the multivariable logistic regression analysis, the
unadjusted model [odds ratio (OR) 7.531; 95% CI 4.69,
12.08; p<0.001], model 1 (age adjusted) (OR 6.386; 95%
CI 3.94, 10.36; p<0.001), model 2 (Model 1+ hyperten-
sion, diabetes mellitus, coronary artery disease, congestive

@ Springer
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Table 5 Multivariable logistic regression analysis adjusted for risk
factors of in-hospital mortality or intensive care unit admission based
on the univariate analysis and the clinical point of views

Odds ratio 95% CI p value
Unadjusted 7.531 4.69-12.08 <0.001
Adjusted for Model 1 6.386 3.94-10.36 <0.001
Adjusted for Model 2 6.132 3.73-10.07 <0.001
Adjusted for Model 3 6.462 3.495-11.95 <0.001
Adjusted for Model 4 5.793 3.136-10.70 <0.001

p values in bold indicate statistical significance

In-hospital mortality or intensive care unit admisson were set as
dependent variable in logistic regression

In unadjusted model, we used acute kidney injury for independent
value

Model 1: age

Model 2: model 1+ hypertension history, diabetes mellitus history,
coronary artery disease, congestive heart failure, malignancy

Model 3: model 2+hemoglobin, blood urea nitrogen, glucose,
gamma-glutamyl transferase, alkaline phosphatase, lactate dehydro-
genase, albumin, C-reactive protein, D-dimer, troponine, Pro-Brain
natriuretic peptide, international normalized ratio, activated partial
thromboplastin time

Model 4: model 3 4 cytokine storm

heart failure, malignancy) (OR 6.132; 95% CI 3.73, 10.07,
p<0.001), model 3 (Model 2+ hemoglobin, blood urea
nitrogen, gamma-glutamyl transferase, lactate dehydroge-
nase, albumin, C-reactive protein, b-dimer, troponine, Pro-
Brain natriuretic peptide, international normalized ratio,
activated partial thromboplastin time) (OR 6.462; 95% CI
3.495, 11.95; p<0.001) and model 4 (Model 3 + cytokine
storm) (OR 5.793; 95% CI 3.136, 10.70; p <0.001) showed
the association of AKI with in-hospital mortality or inten-
sive care unit admission in COVID-19 patients (Table 5).

Discussion

In this multi-center study involving 770 patients, we deline-
ated the incidence, clinical parameters, laboratory findings
of AKI development in COVID-19 patients. We showed that
AKI is common in hospitalized COVID-19 patients and is
associated with increased hospital and ICU stay, ICU admis-
sion rate and in-hospital mortality.

Among the 770 patients included in our study 92 patients
developed AKI, with an incidence of 11.9%. The incidence
of AKI varies widely in previous studies ranging from 0.5%
to as high as 46% [3, 5, 6], with one study reporting O cases
of AKI among 116 COVID-19 patients [14]. Our findings
were considerably lower than the incidences of three studies
(27.3%, 36.6% and 46%) from the New York area, United
States [3, 6, 10]. Our incidence was higher than that reported
by Guan et al. (0.5%) and was similar to a study from South
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Korea (9.2%) [5, 15]. It is difficult to determine the causes of
these variations. One potential explanation could be related
to the higher presence of comorbidities among the patient
group. For example, hypertension prevalence was 68.9% and
55.7% and diabetes prevalence was 46.7% and 33% in the
studies who had higher AKI incidence of 27.3% and 36.6%,
respectively [3, 10]. In our study, these comorbidities preva-
lence were lower as hypertension was present in 42% of our
cohort and diabetes was seen in 22.6%. Furthermore, differ-
ences in the age and race of the patient groups, the applied
treatment protocols and the healthcare systems could all play
arole in the varying incidences of AKI.

Our patients with AKI were more likely to be older, have
a history of hypertension, diabetes mellitus, congestive
heart failure, coronary artery disease and malignancy. How-
ever, gender, body mass index and the presence of chronic
obstructive pulmonary disease had no significant difference
between patients with AKI and without AKI. These find-
ings were also similar with previous studies. Hirsch et al.
have also shown age, hypertension, coronary artery disease,
heart failure and diabetes mellitus as significant parameters
contributing to the development of AKI [3]. In addition,
they have also stated male gender, chronic obstructive pul-
monary disease and asthma as other contributors of AKI
development [3]. Other previous studies have also stated
that AKI was more likely in patients who have an older age,
those with coronary heart disease, hypertension and dia-
betes mellitus [6, 10]. Our findings together with previous
studies shine light to the potential risks contributing to AKI
development.

The current effects of angiotensin-converting-enzyme
inhibitors and angiotensin II receptor blockers on COVID-
19 remain unclear. There is still ongoing debate on whether
angiotensin-converting-enzyme inhibitors facilitate the cel-
lular entry and intracellular replication of the virus leading
to adverse outcomes [10]. In our study, we have not detected
a significant effect of angiotensin-converting-enzyme inhibi-
tors and angiotensin II receptor blocker use on the develop-
ment of AKI. Future studies are required to better under-
stand their effects on the development of AKI in COVID-19
patients.

There were also significant differences between the labo-
ratory findings of patients with and without AKI. Higher
levels of blood urea nitrogen, glucose, gamma-glutamyl
transferase, alkaline phosphatase, lactate dehydrogenase,
C-reactive protein, D-dimer, troponin, international normal-
ized ratio and activated partial thromboplastin time were
detected in patients with AKI. These findings suggest that
AKI in COVID-19 is associated with an inflammatory pro-
cess and a defective procoagulant—anticoagulant balance
affecting multiple organ systems [16]. In contrast, the levels
of albumin, sodium, hemoglobin and lymphocyte count were
significantly lower in patients who developed AKI (Table 2).
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A low lymphocyte count has been a common finding associ-
ated with disease severity in COVID-19 patients [17, 18].
These findings suggest that AKI development in COVID-19
patients is associated with a severe inflammatory process
and coagulative imbalance affecting multiple organs.

Furthermore, we showed that patients with AKI were
more likely to develop a cytokine storm. In previous studies,
the importance of AKI in the development of cytokine storm
has not been fully studied. The abnormal and dysregulated
production of cytokines and pro-inflammatory mediators has
been associated with poorer outcomes in COVID-19 patients
[19]. This uncontrolled inflammatory and immune response
leading to cytokine storm contributes to the ongoing organ
damage causing acute respiratory distress, pulmonary edema
and multi-organ failure [16, 19]. We showed an increased
incidence of cytokine storm in COVID-19 patients with
AKI. These findings show the importance of close follow-
up of COVID-19 patients with AKI to prevent and/or rapidly
diagnose and treat any potential cytokine storm to reduce
morbidity and mortality.

There were several limitations of our study. This was
a retrospective cohort study, the data were collected from
medical records. Patients might have had elevated base-
line creatinine prior to hospitalization. Accordingly, this
may have affected our incidence of AKI among COVID-
19 patients. All hospitals included were from Istanbul and
the study was conducted during the early stages of the pan-
demic; therefore, the results may not have been fully repre-
sentative of the later developments as well as geographic
differences in COVID-19 due to changes in patient profiles,
therapeutic approaches, treatment protocols and health care
capacity. Furthermore, we diagnosed AKI based on only
serum creatinine values and not on urine output. This might
have affected the sample size in our study. The strengths of
this study include a large and diverse sample size covering
multiple hospitals. During the given timeframe, all patients
that met the inclusion criteria were included in this study.
Furthermore, we conducted a multivariate analysis to evalu-
ate the significance of AKI on the outcome of patients with
COVID-19.

In conclusion, AKI is common problem in COVID-19
patients. AKI development in COVID-19 patients increases
ICU admission rate and in-hospital mortality. Our findings
suggest that AKI should be effectively managed to prevent
the adverse outcomes in COVID-19 patients.
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