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Abstract

Background: We aimed to investigate the predictors of mortality in patients

with COVID-19-induced acute kidney injury (COV-AKI).

Methods: We enrolled 803 patients who developed COV-AKI. The patients

were divided into two groups: survivors and nonsurvivors.

Results: A multivariate logistic regression analysis showed that age

(p < 0.001), increased admission C-reactive protein (p = 0.016), procalcitonin

(p = 0.019), creatine kinase (p = 0.04), KDIGO stage 1 versus 2 AKI

(p < 0.001), KDIGO stage 1 versus 3 (p < 0.001), the need for renal replace-

ment therapy (p = 0.002) and highest creatinine (p = 0.004) were significantly

associated with increased inhospital mortality. However, the mortality of

patients with AKI on admission (p = 0.002) was found to be lower than those

who developed AKI after hospitalization.

Conclusions: Among patients with COV-AKI, high-inflammatory response

and severe AKI were associated with significantly higher mortality.
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1 | INTRODUCTION

Since the publication of the first reports of the SARS-
CoV-2 infection in China, it has been reported that the
SARS-CoV-2 infection is not limited to the respiratory
system but also affects many other organs [1, 2]. Reports
from various centers all over the world have pointed that
COVID-19 patients suffer a high incidence of acute kid-
ney injury (AKI) and there is a higher-than-expected
need for renal replacement therapy in patients develop-
ing AKI [3–6]. In addition, mortality rates have been
found to be higher among patients who develop AKI,
especially those who receive renal replacement therapy
(RRT) [3, 7].

According to our current knowledge, the virus
uses angiotensin-converting enzyme 2 (ACE2) and

transmembrane serine protease 2 to enter human cells
[8, 9]. This enzyme is known to exist in many tissues such
as the brain, mouth mucosa, small intestine, and kidneys
[8, 9]. A study that examined the autopsy samples of
26 patients who died from COVID-19 in China showed
that SARS-CoV-2 invades kidney tissue, causing endothe-
lial injury and acute tubular damage [10]. Although vari-
able death rates have been reported in COVID-19-induced
AKI (COV-AKI), a significant proportion of these patients
died [11, 12]. Although a number of studies aimed to iden-
tify the risk factors of AKI and predictors of mortality
in COVID-19 patients, the predictors of mortality in
COV-AKI have not been sufficiently investigated [6, 11–13].
Thus we designed this study to determine the predic-
tors for inhospital mortality among patients with
COVID-19-induced AKI in the hospital course.

Received: 8 October 2021 Revised: 30 April 2022 Accepted: 10 June 2022

DOI: 10.1111/1744-9987.13895

© 2022 International Society for Apheresis and Japanese Society for Apheresis.

Ther Apher Dial. 2022;26:897–907. wileyonlinelibrary.com/journal/tap 897

https://orcid.org/0000-0003-0302-932X
https://orcid.org/0000-0001-6830-3639
https://orcid.org/0000-0002-2618-9177
mailto:ferhat_enver@hotmail.com
http://wileyonlinelibrary.com/journal/tap


2 | MATERIALS AND METHOD

2.1 | Study design and participants

This is a single-center retrospective cohort study where
patients who were hospitalized for COVID-19 and devel-
oped AKI were investigated. The study was initiated after it
was approved by the Ministry of Health of the Republic of
Turkey and approved by our hospital's local ethics commit-
tee (date and number of ethics committee: 15/01/2021, no:
640). All study data were obtained by means of our hospi-
tal's electronic health system (nucleus) and e-nabız, the
national electronic health system (NEHS) of Turkey. Our
study enrolled patients above the age of 18 with a positive
reverse transcriptase-polymerase chain reaction (RT- PCR)
test for COVID-19 in a nasopharyngeal swab sample and
computerized tomography findings consistent with COVID-
19, who needed hospitalization between 30/3/2020 and
30/10/2020. Our study enrolled patients above the age of
18 who developed AKI and had positive reverse
transcriptase-polymerase chain reaction (RT-PCR) test for
COVID-19 in nasopharyngeal swab sample and computed
tomography findings compatible with COVID-19. Patients
who were under the age of 18, who were transferred to
another center, who had a history of dialysis or kidney
transplantation, who had post-renal AKI or missing medical
data, and who were discharged in less than 48 h were
excluded. Patients with contrast-induced nephropathy (one
patient), acute decompensated heart failure (two patients),
or using active chemotherapeutic drugs (one patient) were
excluded from the study. Also, the patients who had cardiac
resuscitation in the emergency service and died within the
first 24 h were excluded from the study (four patients).

2.2 | Data collection

The demographic properties, comorbidities, medical
history, and current medications of the patients were
recorded using their past medical history taken by the
admitting physician and by reviewing the NEHS
records. Patients with end-stage kidney disease and a
history of renal transplantation were identified and
excluded using their past medical history and the
national electronic health system. Suspected cases were
confirmed by calling transplant centers and dialysis
centers to obtain information about their medical
records. All patients diagnosed with COVID-19, whose
creatinine values above were 0.9 for women and 1.25
for men, were screened for AKI.

The patients were divided into two groups accord-
ing to nonsurvivors and survivors of inhospital mortal-
ity to determine the predictors for inhospital mortality.

Additionally, we analyzed the patients to show the dif-
ference in the prognosis of patients who developed AKI
after hospitalization compared to the onset day. The
laboratory data used for analyses included full blood
count, hepatic and renal function tests, coagulation
tests, d-dimer, ferritin, C-reactive protein (CRP), lac-
tate dehydrogenase (LDH), creatine kinase (CK), pro-
calcitonin, and electrolytes. Our study also provides
data about the need for intubation, mechanical ventila-
tion, and RRT. The admission laboratory values were
taken on the day of patient admission. PCR test was
performed from the nasopharyngeal swab samples of
patients with the clinical presentation of COVID-19.
Patients with respiratory symptoms were evaluated
with a chest CT to detect pulmonary involvement
before or after hospital admission. Hospital-acquired
AKI was defined as the development of AKI any time
after 48 h of hospitalization, on a patient who was
admitted with normal renal function. This time of 48 h
was used to allow subclinical community-acquired AKI
to manifest [14]. RRT was performed on patients who
had oliguria (urine output <0.3 ml/kg/h for 24 h) unre-
sponsive to medical therapy, hypervolemia (fluid over-
load), severe hyperkalemia (K > 6.5 mEq/L), severe
metabolic acidosis (pH <7.1), and rapidly deteriorated
renal function and uremic symptoms.

2.3 | Definitions

AKI was defined as per Kidney Disease Improving Global
Outcomes (KDIGO) criteria: a change in the serum creat-
inine of 0.3 mg/dl over a 48-hour period or a 50% increase
in baseline creatinine [15]. AKI stages were defined using
the KDIGO AKI stage creatinine definitions: stage 1 as
an increase in serum creatinine of ≥0.3 mg/dl or increase
to ≥1.5–1.9 times baseline serum creatinine, stage 2 as an
increase to >2–2.9 times from baseline serum creatinine,
and stage 3 as an increase to more than three times
baseline serum creatinine or a peak serum creatinine
≥4.0 mg/dl or if the patient received RRT during admis-
sion [16]. Baseline creatinine level was recorded from
NEHS and defined as the mean creatinine level in the
last 1 year (365 days) [6, 17, 18]. In patients with no past
creatinine levels on NEHS were excluded from the study
(ten patients). Since hourly urine output was incom-
pletely recorded in our hospital's recording system, we
did not use urine output, one of the KDIGO criteria, to
diagnose AKI. The estimated glomerular filtration rate
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration's creatinine Equation [19]. KDIGO
stage of the patients with AKI was determined in refer-
ence to the highest creatinine level. AKI recovery has
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been defined by the Acute Disease Quality Initiative
16 consensus group as the absence of AKI by both serum
creatinine and urine output criteria within 7 days after
AKI onset [17]. Chronic kidney disease (CKD) is
defined as kidney disease persisting for 3 months or
longer. Finally, Acute kidney disease (AKD) is consid-
ered to be structural and functional abnormalities of
the kidney that are outside the definitions of AKI or
CKD, have health effects, and have a duration of
≤3 months [20]. We compared the discharge creati-
nine level with the baseline creatinine level. When the
discharge creatinine level was higher than the base-
line creatinine level and that ratio was greater than a
fourth of the baseline creatinine level, we diagnosed
AKD. We came across some special circumstances. We
excluded patients for whom we could not determine
the baseline creatinine level. We also excluded
patients who did not meet the KDIGO criteria but had
creatinine levels that increased by at least 1.5 times in
a period of more than 7 days because they could not
meet the criteria. Our study was conducted in the
early stages of the COVID-19 pandemic (30/3/2020
and 30/10/2020). At the time of study period, routine
variant analysis was not performed in our region.
Although, variant analysis was not performed in our
study population, alpha-delta variants were the most

common COVID-19 variants observed in our region
during the study period.

2.4 | Statistical analysis

All statistical analyses were performed using the IBM
SPSS software package (IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY: IBM Corp.).
The continuous variables were presented given as
mean ± SD and median interquartile range 25%–75%
(IQR) in case of nonnormally distribution. The categorical
variables were expressed as percentages. Kolmogorov–
Smirnov test was used to evaluate the distribution of
continuous variables. The continuous variables were
compared with Student's t-test or Mann–Whitney
U test according to data distribution. The categorical
variables were compared using Chi-square or Fisher's
exact tests if appropriate The cutoff value for AKI onset
day for patients who developed AKI after hospitaliza-
tion was determined using receiver operating charac-
teristic (ROC) analysis. Univariate and multivariate
logistic regression analyses were performed to evaluate
the predictors for inhospital mortality. The clinically
and biologically related variables with p value of <0.05
in ordinarily bivariate analysis were included in the

2390 patients were excluded because they 

did not develop AKI.

3211 patients were hospitalized and treated for COVID-19 

Between 30 March and 30 October 2020.

Total study population (n: 803)

One patient was excluded becaude he had 

contrast-induced nephropathy

Two patients were excluded becaude hade 

acute decompansed heart failure

One patient was excluded becaude using 

active chemotherapeutic drugs

Four patients  were excluded becaude they 

had cardiac resuscitation in the emergency 

service and died within the first 24 hours

Ten  patients were excluded because baseline 

creatinine values could not be determined.

FIGURE 1 Flowchart of screened, excluded, and included patients.
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univariate logistic regression analysis. The variables
with a p value of <0.05 in this analysis were also included
in the multivariate logistic regression analysis. In stepwise
multivariate regression analysis (Backward, Wald); effect
size was adjusted with a univariate significance level of
<0.05 for all variables. Adjusted odds ratios (OR) along
with the confidence interval (CI) of 95% were presented. A
2-tailed p value<0.05 was considered to be statistically
significant.

3 | RESULTS

3.1 | Demographic and clinical
characteristics

Among 3211 patients who were hospitalized for
COVID-19 between 30 March and 30 October 2020,
approximately 803 patients (25%) who developed
AKI and met inclusion criteria were enrolled (Figure 1).

TABLE 1 Baseline characteristics and treatments of all study patients

Inhospital mortality

Patient characteristics
All patients
n = 803

Survivors
n = 487

Nonsurvivors
n = 316 p value

Age in years (mean) 71 (61–79) 69 (59–76) 74 (66–82) <0.001

Gender Male, % (n) 59 (474) 56.5 (275) 63 (199) 0.06

Hypertension, % (n) 61.8 (496) 63 (307) 59.3 (189) 0.35

Diabetes mellitus, % (n) 41.6 (334) 43.7 (213) 38.3 (121) 0.12

Congestive heart failure, % (n) 28.5 (229) 27.3 (133) 30.4 (96) 0.34

Chronic Lung Disease, % (n) 13.4 (108) 14.6 (71) 11.7 (37) 0.24

Chronic Kidney Disease, % (n) 18.7 (150) 15.8 (77) 23.1 (73) 0.01

Malignancy, % (n) 1.6 (13) 1.6 (5) 1.6 (8) 0.94

Cerebro-vascular disease, % (n) 7.3 (59) 5.7 (28) 9.8 (31) 0.03

ACEI, % (n) 20.3 (163) 20.7 (101) 19.6 (62) 0.70

ARB, % (n) 32.1 (258) 34.7 (169) 28.2 (89) 0.053

Antiaggragants, % (n) 37.4 (300) 37.6 (183) 37 (117) 0.87

Calcium channel blockers, % (n) 20.8 (167) 20.1 (98) 21.8 (69) 0.55

Oral anti-diabetic, % (n) 28 (225) 30.8 (150) 23.7 (75) 0.05

Insulin, % (n) 17.1 (137) 15.2 (74) 19.9 (63) 0.08

Beta- blockers, % (n) 25.5 (205) 26.9 (131) 23.4 (74) 0.26

Hydroxychloroquine sulfate, % (n) 29.9 (240) 36.1 (176) 20.3 (64) <0.001

Antiviral drugs (favipiravir), % (n) 87.5 (703) 83.4 (406) 94 (297) <0.001

Tocilizumab, % (n) 10.6 (85) 8.6 (42) 13.6 (43) 0.002

Corticosteroid, % (n) 58.2 (467) 59.9 (277) 60.1 (190) 0.36

Anticoagulant, % (n) 70 (562) 71.7 (349) 67.4 (213) 0.26

Convalescent plasma, % (n) 2.0 (16) 1 (5) 3.5 (11) 0.015

IVIG, % (n) 4.0 (32) 1.4 (7) 7.9 (25) <0.001

Intubation, % (n) 40.0 (322) 4.1 (20) 95.4 (302) <0.001

AKI, day of diagnosis (for all study patients) (n = day) 1 (1–4) 1 (1–2) 2 (1–6) <0.001

RRT, % (n) 12.7 (102) 1.4 (7) 30.1 (95) <0.001

AKI on admission 60.9 (489) 69.6 (339) 47.4 (150) <0.001

AKI onset ≥3.5 days after hospitalization (194/314
patients) % (n)

24.2 (194) 40.7 (79/194) 59.3 (115/194) 0.005

Duration of hospitalization (n = day) 9 (5–13) 8 (6–12) 10 (7–16) 0.032

Note: Data are expressed as median interquartile range and count (percentage).
Abbreviations: AKI, acute kidney injury; ACE, Angiotensin-converting enzyme inhibitor; ARB, Angiotensin II receptor blockers; IVIG, intravenous

immunoglobulin; RRT, Renal replacement therapy.
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Fifty-nine percent (474) of the patients were male, and
the mean age of the patients was 71 (61–79) years. Hyper-
tension was the most common coexisting disorder affecting
61.8% of patients, followed by diabetes mellitus (41.6%),
Congestive heart failure (28.5%), Chronıc Kıdney Dısease
(18.7%), Chronic Lung Disease (13.4%), Cerebrovascular
disease (7.3%), Malignancy (1.6%). The demographic and
clinical characteristics of the two groups as well as the treat-
ments were summarized in Table 1.

3.2 | Clinical outcome

The patients were divided into two groups according to
nonsurvivors and survivors of inhospital mortality in order
to determine the predictors for mortality in patients with
COV-AKI. The mean age of nonsurvivors was significantly

higher than that of survivors (p < 0.001). In nonsurvivors,
the rates of chronic kidney disease (CKD) and cerebrovas-
cular disease were significantly higher than survivors
(p = 0.01, p = 0.03, respectively). AKI developed signifi-
cantly later during the hospital course in nonsurvivors com-
pared to survivors, and the duration of hospitalization was
significantly longer in nonsurvivors (p < 0.001, p = 0.032,
respectively). In nonsurvivors, 30.1% (95) of patients under-
went hemodialysis due to the need for RRT while only 1.4%
(7) of patients in survivors underwent hemodialysis
(p < 0.001). Similarly, the need for intubation was signifi-
cantly higher in nonsurvivors (p < 0.001). The overall mor-
tality rate of the study population was 39.3% while the
mortality rates of patients admitted to intensive care unit
and regular ward were 78.3% and 2.1%, respectively.

Laboratory results of the deceased patients, survivors,
and the entire study population are shown in Table 2.

TABLE 2 Laboratory test results of surviving and nonsurviving patients

Inhospital mortality

All patients, n = 803 Survivors n = 487 Nonsurvivors n = 316 p value

White blood cell count, 103/ml 7.19 (5.85–11.35) 7.52 (5.82–10.4) 8.59 (6.07–13.3) <0.001

Hemoglobin, g/dl 13.2 (11.7–14.6) 13.3 (11.7–14.7) 13.0 (11.8–14.5) 0.33

Neutrophil 103/ml 6.12 (4.22–9.50) 5.6 (4–8.4) 7.1 (4.6–11.5) <0.001

Lymphocyte percentage, % 1.01 (0.71–1.42) 1.1 (0.82–1.56) 0.84 (0.59–1.24) <0.001

Platelets, 103/L 210 (160–269) 215 (164–271) 201 (155–263) 0.13

Glucose mg/dl 136 (113–202) 132 (110–194) 143 (117–216) 0.02

BUN, mg/dl 58 (42–82) 55 (41–78) 61 (44–90) 0.01

Serum creatinine, mg/d (admission) 1.37 (1.1–1.66) 1.38 (1.16–1.65) 1.34 (1.0–1.7) 0.042

E GFR(CKD EPI) ml/dk/1,73m2 (admission) 47 (34–60) 46 (34–59) 47 (35–63) 0.27

Sodium, mEq/L 136 (113–139) 136 (133–139) 137 (133–139) 0.45

Potassium, mEq/L 4.3 (3.9–6.74) 4.3 (3.9–4.74) 4.3 (3.9–4.77) 0.86

Calcium (albumin correction) mg/dl 8.8 (8.4–9.2) 8.8 (8.4–9.2) 8.8 (8.4–9.1) 0.20

Albumin, g/dl 3.1 (2.8–3.5) 3.3 (2.9–3.6) 2.9 (2.6–3.3) <0.001

Lactate dehydrogenase U/L 339 (292–463) 317 (244–402) 417 (187–573) <0.001

C-reactive Protein mg/L 101 (48–158) 82 (40–135) 127 (71–184) <0.001

Procalcitonin, ng/ml 0.19 (0.09–0.63) 0.13 (0.06–0.28) 0.47 (0.19–1.7) <0.001

Ferritin, μg/L 480 (229–897) 410 (196–796) 567 (304–1156) <0.001

D-dimer, ng/ml 346 (215–704) 315 (183–558) 446 (278–933) <0.001

Creatine kinase, IU/L 127 (63–279) 113 (61–230) 153 (67–361) 0.001

Highest serum creatinine 1.81 (1.45–2.82) 1.57 (1.36–1.96) 2.84 (1.94–4.34) <0.001

Highest C-reactive Protein mg/L 156 (103–234) 126 (82–174) 218 (160–284) <0.001

Highest procalcitonin, ng/mL 0.41 (0.14–2.6) 0.18 (0.08–0.4) 3.0 (1–12.1) <0.001

Highest ferritin, μg/L 939 (388–2000) 597 (196–796) 567 (999–2000) <0.001

Highest D-dimer,ng/ml 1171 (442–4432) 615 (295–1572) 2000 (2102–11 608) 0.001

Highest Creatine kinase, IU/L 260 (123–687) 174 (89–357) 676 (274–1550) <0.001

Abbreviations: BUN, blood urea nitrogen; E GFR, estimated glomerular filtration rate; IVIG, intravenous immunoglobulin; RRT, renal replacement therapy.
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Admission WBC, neutrophil, glucose, blood urea nitro-
gen (BUN), LDH, CRP, procalcitonin, ferritin, D-dimer,
and CK levels were significantly higher in nonsurvivors
(p < 0.001, p < 0.001, p = 0.02, p = 0.01, p < 0.001,
p < 0.001, p < 0.001, p < 0.001, p < 0.001 and p = 0.001,
respectively). In contrast, admission lymphocyte, creati-
nine, and serum albumin were significantly lower in non-
survivors (p < 0.001, p = 0.042, and p < 0.001,
respectively). A high-admission CK level was statistically
significant in multivariate analyses (p = 0.04). The high-
est levels of inflammatory markers during the course of
the COVID-19 infection were compared between the two
groups. The highest levels of serum creatinine, CRP, pro-
calcitonin, ferritin, D-dimer, and CK were significantly
higher in nonsurvivors (p < 0.001, p < 0.001, p < 0.001,
p < 0.001, p < 0.001, p = 0.001, respectively).

An AKI staging was performed in our population
according to the KDIGO classification. 54.3% (436) of our
patients were in stage 1; 21.4% (172) were in stage 2; and

24.3% (195) were in stage 3. In our study, we found that
there was an increase in mortality in direct proportion
with the increase in the KDIGO stage. The mortality rate
was found to be the highest especially in KDIGO stage
3 (Table 3). Mortality rates according to each KDIGO
group of all patients in stages 3, 2, and 1 were 84.1%,
47%, and 16.2%, respectively (Table 3, Figure 2).

The patients in stage 3 who needed RRT had a mor-
tality rate of 93.1% (95/102), and the patients in stage
3 who did not need RRT had a mortality rate of 75.2%
(70/93). 60.9% (489) of the patients had AKI on admis-
sion. Among patients who presented with AKI on admis-
sion, 59.1% (289/489) were in stage 1, 24.3% (119/489) in
stage 2, and 16.5% (81/489) in stage 3. Patients who devel-
oped AKI during hospital stay had a higher mortality rate
(52.9%, 166/314) compared to patients who had AKI on
admission (30.7%, 150/489) (Table 1). The KDIGO stage-
based mortality analysis according to AKI on admission
showed a mortality rate of 74.0% (60/81) in stage 3, 37.8%

TABLE 3 Rates of KDIGO stages by all patients and the groups

AKI All patients n = 803 Survivors n = 487 Nonsurvivors n = 316 p

Stage-1%, n 54.3 (436) 74.9 (365) 22.5 (71) <0.001

Stage-2%, n 21.4 (172) 18.7 (91) 25.6 (81) 0.019

Stage-3%, n 24.3 (195) 6.4 (31) 51.9 (164) <0.001

Abbreviations: AKI, acute kidney injury; KDIGO, Kidney Disease Improving Global Outcomes.

FIGURE 2 Comparison of

inhospital mortality between KDIGO

stages 1, 2, and 3.
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(45/119) in stage 2, and 15.5% (45/289) in stage 1. TheKDIGO
stage-based mortality rate of the group with AKI that devel-
oped during hospital stay was 92.5% (99/107) in stage 3, 70.6%
(41/58) in stage 2, and 17.4% (26/149) in stage 1.

Patients who developed AKI after hospitalization
were evaluated to show whether there was a difference in
prognosis compared to the onset day. We had 314 patients
who developed AKI in the hospital (Table 1). The ROC
analysis of these patients revealed a cutoff of 3.5 days for
mortality (p = 0.005) (Table 1). In other words, patients
who developed AKI after ≥3.5 days had higher mortality
than patients who developed AKI before this day. Logis-
tic regression analysis was performed to show the differ-
ence in mortality in patients who developed AKI during
the hospital stay compared to the onset day. While this
result was found to be significant in the univariate analy-
sis, it was not significant in the multivariate analysis
(p = 0.006, p = 0.52, respectively) (Table 4).

The majority of the patients received favipiravir, anti-
coagulant, and glucocorticoids while a smaller subset of

the patients received hydroxychloroquine, tocilizumab,
intravenous immunoglobulin, and convalescent plasma.
An analysis of COVID-19 treatments showed that the rate
of hydroxychloroquine sulfate use was significantly
higher in survivors whereas the rate of antiviral drug
(favipiravir), tocilizumab, convalescent plasma, and IVIG
(intravenous immunoglobulin) use was significantly
greater in nonsurvivors (p < 0.001, p < 0.001, p = 0.002,
p = 0.015 and p < 0.001, respectively).

3.3 | Predictors of mortality

In order to determine the independent predictors of
inhospital death, we first conducted a univariate logistic
regression analysis including the variables of age, sex,
chronic kidney disease, cerebrovascular disease, admis-
sion neutrophil, lymphocyte, creatinine, albumin, LDH,
CRP, procalcitonin, CK, ferritin, d-dimer, highest creati-
nine, AKI on admission, RRT, and KDIGO, which were

TABLE 4 Traditional univariate and multivariate logistic regression analysis for inhospital mortality

Univariate Multivariate

Unadjusted OR 95% CI p value Adjusted OR 95% CI p value

Age 1.040 1.03–1.05 <0.001 1.07 1.02–1.12 0.001

Gender male 1.310 0.98–1.75 0.067

Chronic Kidney Disease 2.16 1.11–2.87 0.01 0.68 0.23–1.97 0.484

Cerebro-vascular disease 1.78 1.04–3.03 0.03 1.20 0.54–2.51 0.064

Neutrophil 103/ml 1.002 1.001–1003 <0.001 1.00 0.98–1.06 0.179

Lymphocyte percentage 1.002 1.001–1.003 <0.001 1.00 0.97–1.05 0.582

Cretainine on admission 0.990 0.86–1.14 0.052

Highest creatinine 2.560 2.16–3.02 <0.001 1.22 1.07–1.49 0.004

Albumin on admission 0.870 0.84–0.90 <0.001 0.93 0.84–1.04 0.237

LDH on admission 1.003 1.001–1.004 <0.001 1.00 0.99–1.03 0.179

CRP on admission 1.007 1.005–1.009 <0.001 1.04 1.01–1.07 0.016

Procalcitonin on admission 1.060 1.02–1.100 <0.001 1.03 1.01–1.06 0.019

Ferritin on admission 1.001 1.001–1.004 <0.001 1.01 0.98–1.03 0.085

D dimer on admission 1.001 1.001–1.003 <0.001 1.02 0.96–1.04 0.18

CK on admission 1.001 1.001–1.003 <0.001 1.03 1.01–1.05 0.04

AKI on admission 0.39 0.29–0.52 <0.001 0.45 0.27–0.75 0.002

AKI onset ≥3.5 days after hospitalization 1.94 1.21–3.10 0.006 2.31 0.99–5.37 0.52

KDIGO

Stage 1 vs. 2 4.65 3.13–6.89 <0.001 3.25 2.01–5.62 <0.001

Stage 1 vs. 3 28.70 18.0–45.8 <0.001 6.62 3.13–14.1 <0.001

Stage 2 vs. 3 6.40 3.90–10.6 <0.001 6.32 3.81–10.9 0.13

RRT 29.40 13.4–64.5 <0.001 4.64 1.75–12.30 0.002

Abbreviations: AKI, acute kidney injury; CK, Creatine kinase; CRP, C-reactive Protein; KDIGO, Kidney Disease Improving Global Outcomes; LDH, lactate
dehydrogenase; RRT, renal replacement therapy.
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significantly different (p < 0.05) between the two groups
and which were clinically and biologically correlated to
mortality. A multivariate logistic regression analysis that
included the significant variables in the univariate logis-
tic regression analysis was performed to identify the inde-
pendent predictors for inhospital mortality. As a result,
age (OR 1.07, 95% CI 1.02–1.12, p = 0.001), admission
CRP (OR 1.04, 95% CI 1.01–1.07, p = 0.016), procalcito-
nin (OR 1.03, 95% CI 1.00–1.06, p = 0.019), CK (OR 1.03,
95% CI 1.01–105, p = 0.04), KDIGO stage 1 versus 2 AKI
(OR 3.25, 95% CI 2.01–5.62, p < 0.001), KDIGO stage
1 versus 3 AKI (OR 6.62, 95% CI 3.13–14.1, p < 0.001),
RRT (OR 4.64, 95% CI 1.75–12.3, p = 0.002) and highest
creatinine (OR 1.22, 95% CI 1.07–1.49, p = 0.004) were
found to be significantly associated with increased inhos-
pital mortality (Table 4). However, the mortality of
patients with AKI on admission (OR 0.45, 95% CI 0.27–
0.75, p = 0.002) was found to be lower than those who
developed AKI after hospitalization. In addition, multi-
variate analysis found no significant difference in inhos-
pital mortality in KDIGO grades 2 and 3 AKI (OR 6.32,
95% CI 3.81–10.9, p = 0.13).

4 | DISCUSSION

Several studies in the literature have examined the inci-
dence and risk factors of AKI in COVID-19 patients [4,
19, 21]. However, factors correlated with mortality in
COV-AKI have not been studied in detail. Thus, in the
present study, we aimed to investigate the predictors of
inhospital mortality in patients who developed COV-
AKI. As far as we know, our study is one of the largest
studies that examined predictors associated with mortal-
ity in patients who developed COV-AKI. Our study
showed that age and higher levels of admission CRP, pro-
calcitonin, and CK were significantly associated with
inhospital mortality. In addition, KDIGO stage 2–3, high-
est creatinine, and RRT need were also significantly asso-
ciated with inhospital mortality.

Cheng Y et al. showed that the prevalence of kidney
disease is high in COVID-19 patients and that AKI is
associated with inhospital mortality in these patients [3].
It has also been reported that COVID-19 patients with
AKI on admission have higher inhospital mortality than
those without AKI on admission [22]. In our study, the
proportion of patients with AKI on admission was high
(60.8%). This may be due to older age in patients with
AKI, later hospital presentation, and more severe disease
presentation. We found that the mortality (p = 0.002) of
patients with AKI on admission was lower than those
who developed AKI at the hospital. As evident in
Table 1, while the rate of AKI was higher in the survivors

at the time of admission (69.6%) compared to nonsurvi-
vors (47.4%), the rate of hospital-acquired AKI was lower
(30.4% and 52.6%, respectively). This result shows that
the kidney functions of some of the survivors with AKI
initially improved during their treatment. This suggests
that the etiology of AKI in some of the survivors may be
due to prerenal causes such as oral intake disorder, diar-
rhea, nausea, and vomiting and that this is improved
with supportive treatment. The causes of AKI developing
in the hospital are multifactorial. It mostly develops in
patients who need intensive care, are hypotensive, depen-
dent on a mechanical ventilator, and using multiple
drugs. AKI is already known to be associated with
increased inhospital mortality [3]. We know that AKI
developing in these patients is associated with higher
mortality [23]. We found that AKI developing during
hospitalization was worse in predicting inhospital mortal-
ity in patients who developed COV-AKI.

Although the incidence of AKI has been reported
between 0.5% and 36.6% in the initial reports on COVID-
19, a review performed by Sreedhar found an AKI inci-
dence of approximately 50% in patients treated at inten-
sive care unit [2, 4, 6, 19, 24]. In our study, AKI incidence
was 25.0%. It is not known exactly by which mechanisms
AKI develops in patients with COVID-19. Renal injury
may develop due to prerenal, renal, and postrenal causes
but it may also be caused by small-vessel vasculitis,
thrombi, cytokine storm, or viral particles that invade
renal tissue and cause renal injury by cytopathic effects
[25–29]. We already know that AKI is associated with
increased inhospital mortality [3, 5]. While Hirsch et al.
reported a mortality rate of 35% among patients who
developed AKI, Chan et al. reported a mortality rate of
38.5% in a similar patient group [4, 6]. In our patient pop-
ulation, patients with AKI had a mortality rate of 39.3%.
It has been previously reported that COVID-19 patients
undergoing RRT have a poor prognosis [4, 6, 11]. Accord-
ing to our results, 12.7% (102/803) of patients with AKI
needed RRT, and patients who received RRT had a mor-
tality rate of 93.1%. RRT is mostly needed by patients
with severe infection or multiple organ failure, those who
are intubated, and those who are treated at the intensive
care unit due to a need for cardiac support or respiratory
failure [4, 6]. Consistent with previous reports, our study
also revealed that higher mortality among patients who
were in need of RRT.

It has been already reported that high levels of admis-
sion CK, CRP, and procalcitonin were associated with
increased mortality in COVID-19 patients [3, 12, 13].
These biomarkers increase during the course of various
diseases characterized by inflammation, infection, and
tissue injury [12, 13]. A number of previous studies have
suggested the use of increasing biomarkers in accordance
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with the severity of the infection to predict disease sever-
ity and prognosis [30]. However, the relationship
between these inflammatory biomarkers and mortality
has not been adequately addressed in COV-AKI. Our
study indicated that higher admission CK, CRP, and pro-
calcitonin levels were correlated to mortality in patients
who developed COV-AKI (Table 4). A high-AKI inci-
dence had also been reported in the influenza A (H1N1)
pandemic, which is the latest pandemic of recent history
[31]. At that time, it was suggested that rhabdomyolysis
may be a contributing factor to the etiology of AKI [31].
Our study revealed that high-admission CK levels were
also associated with higher mortality.

We examined the relationship between the KDIGO
stage and mortality. Similar to previous studies, our
study demonstrated an increase in mortality in accor-
dance with the KDIGO stage in patients with AKI
[6, 13] (Table 3). The increase in mortality was signifi-
cant in KDIGO stage 2 and stage 3. Especially in KDIGO
stage 3, the mortality rate was found to be the highest
and 50.4% of the patients who died were stage 3 patients
(Table 3). Mortality was higher in KDIGO stage 3
irrespective of whether RRT was applied or AKI was
present on admission.

A higher KDIGO stage is associated with increased
severity of the renal injury. As the renal injury is wors-
ened, electrolyte imbalance, metabolic acidosis, and
hypervolemia may also be added to the clinical condition
and these contribute to the worsening of the clinical con-
dition of the patients. Additionally, as disease severity
increases, and as respiratory and cardiac failure are wors-
ened, renal injury is further worsened. Therefore, the
mortality of advanced-stage AKI is high. It is important
to closely monitor patients who present with AKI or have
their renal function worsened during follow-up and to
obtain a nephrology consultation at an early period. Early
detection of worsening renal function and its effective
treatment by providing adequate hemodynamic support
and avoiding nephrotoxic agents may help the recovery
of critically ill COVID-19 patients. Early diagnosis,
follow-up, and effective treatment may lower mortality
rates in these patients. Similar to previous reports, we
found that 16% of our patients did not fully recover their
renal function at discharge [5, 6, 32]. Creatinine levels
that do not recover at discharge are the undesirable clini-
cal condition in COVID-19 patients. Long-term follow-up
of patients with renal dysfunction after discharge is
important. These patients will contribute to a growing
CKD population in the future.

In accordance with the health policy of the infection
committee of our country and our hospital, favipiravir
treatment was administered as an antiviral treatment in
moderate, severe, and critical patients diagnosed with

COVID-19. The reason for the higher rate of favipiravir
treatment in nonsurvivors in our study was that the clini-
cal presentation of these patients was more severe and
the majority of them were administered favipiravir treat-
ment. Therefore, the appearance of favipiravir treatment
associated with mortality, as seen in Table 1, has caused
confusion. In order to avoid this confusion, the treat-
ments administered to the patients and shown in Table 1
were not included in the univariate and multivariate
analysis.

Our study had some limitations. First, our study was
a single-center study and this may affect the impact
power of our study. Second, patients were unable to
collect urine when diagnosing AKI and applying the cri-
teria for AKI recovery. For this reason, the urine crite-
rion, which is one of the KDIGO criteria, could not be
applied. Third, because it is a retrospective study, some
variables that may be associated with mortality may be
missing.

In conclusion, although AKI was found to be predic-
tive of an increased mortality rate among patients admit-
ted with SARS-CoV-2 infection, various other predictors
existed for mortality in COV-AKI. We determined that
age, higher admission levels of CRP, procalcitonin, and
CK, highest creatinine, KDIGO stage 2 and 3 AKI and
RRT were significantly associated with increased inhospi-
tal mortality in COV-AKI. The mortality rate is substan-
tially higher in patients who have KDIGO stage 2, 3 AKI,
and who undergo RRT. However, we found that patients
with AKI on admission had a lower mortality rate than
patients who developed AKI during the hospital stay.
Therefore, renal functions should be closely monitored in
patients admitted and hospitalized due to COVID-19
infection. Early detection and treatment of renal dysfunc-
tion, especially after hospitalization, is of great impor-
tance. If these patients are closely monitored with the
collaboration of the nephrology department, early and
effective treatment may be provided.
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Derya Deniz Altintaş https://orcid.org/0000-0002-2618-
9177

REFERENCES
1. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al.

Clinical characteristics of coronavirus disease 2019 in China.
N Engl J Med. 2020;382:1708–20. https://doi.org/10.1056/
NEJMoa2002032

2. Yang X, Yu Y, Xu J, Shu H, Xia J', Liu H, et al. Clinical course
and outcomes of critically ill patients with SARS-CoV-2 pneu-
monia in Wuhan, China: a single-centered, retrospective,
observational study. Lancet. Respir Med. 2020;8:475–81.
https://doi.org/10.1016/S2213-2600(20)30079-5

3. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al.
Kidney disease is associated with in-hospital death of patients
with COVID-19. Kidney Int. 2020;97:829–38. https://doi.org/
10.1016/j.kint.2020.03.005

4. Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett RL,
et al. Acute kidney injury in patients hospitalized with COVID-
19. Kidney Int. 2020;98(1):209–18. https://doi.org/10.1016/j.
kint.2020.05.006

5. Procaccini FL, Arroyo RA, Ram�on MA, et al. Acute kidney
injury in 3182 patients admitted with COVID-19: a single cen-
ter retrospective case-control study. Clin Kidney J. 2021;28:
1557–69. https://doi.org/10.1093/ckj/sfab021

6. Chan L, Chaudhary K, Saha A, et al. AKI in hospitalized
patients with COVID-19. J Am Soc Nephrol. 2021 Jan;32(1):
151–60. https://doi.org/10.1681/ASN.2020050615

7. Fominskiy EV, Scandroglio AM, Monti G, Calabrò MG,
Landoni G, Dell'Acqua A, et al. Prevalence, characteristics, risk
factors, and outcomes of invasively ventilated COVID-19
patients with acute kidney injury and renal replacement ther-
apy. Blood Purif. 2021;50(1):102–9. https://doi.org/10.1159/
000508657

8. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N,
Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry depends on
ACE2 and TMPRSS2 and is blocked by a clinically proven

protease inhibitor. Cell. 2020;181(2):271–280.e8. https://doi.
org/10.1016/j.cell.2020.02.052

9. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis GJ,
particle Goor H. Tissue distribution of ACE2 protein, the func-
tional receptor for SARS coronavirus. A first step in under-
standing SARS pathogenesis. J Pathol. 2004;10.1002/path.1570
(203):631–7.

10. Su H, Yang M, Wan C, Yi LX, Tang F, Zhu HY, et al. Renal his-
topathological analysis of 26 postmortem findings of patients
with COVID-19 in China. Kidney Int. 2020;10.1016/j.
kint.2020.04.003(98):219–27.

11. Richardson S, Hirsch JS, Narasimhan M, Crawford JM,
McGinn T, Davidson KW, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients hospitalized
with COVID-19 in the new York City area. JAMA. 2020;
323(20):2052–9. https://doi.org/10.1001/jama.2020.6775

12. Shah C, Grando DJ, Rainess RA, Ayad L, Gobran E, Benson P,
et al. Factors associated with increased mortality in hospital-
ized COVID-19 patients. Ann Med Surg (Lond). 2020;60:308–
13. https://doi.org/10.1016/j.amsu.2020.10.071

13. Shang Y, Liu T, Wei Y, et al. Scoring systems for predicting
mortality for severe patients with COVID-19. E Clinic Med.
2020;24(3):100426. https://doi.org/10.1016/j.eclinm.2020.
100426

14. Wonnacott A, Meran S, Amphlett B, Talabani B, Phillips A.
Epidemiology and outcomes in community-acquired versus
hospital-acquired AKI. Clin J Am Soc Nephrol. 2014;9(6):1007–
14. https://doi.org/10.2215/CJN.07920713

15. AKI KDIGO. Work group KDIGO clinical practice guideline
for acute kidney injury. Kidney Int Suppl. 2012;17:1–138.

16. Kidney Disease: Improving Global Outcomes (KDIGO): Acute
Kidney Injury (AKI). https://kdigo.org/guidelines/acute-
kidneyinjury/.

17. Siew ED, Ikizler TA, Matheny ME, Shi Y, Schildcrout JS,
Danciu I, et al. Estimating baseline kidney function in hospital-
ized patients with impaired kidney function. Clin J Am Soc
Nephrol. 2012;7:712–9.

18. Chawla LS, Bellomo R, Bihorac A, et al. Acute kidney disease
and renal recovery: consensus report of the acute disease Qual-
ity initiative (ADQI) 16 Workgroup. Nat Revi Nephrol. 2017;13:
241–57.

19. Liangos O, Wald R, O'Bell JW, et al. Epidemiology and out-
comes of acute renal failure in hospitalized patients: a national
survey. Clin J Am Soc Nephrol. 2006;1:43–51. https://doi.org/
10.2215/CJN.00220605

20. Lameire NH, Levin A, Kellum JA, Cheung M, Jadoul M,
Winkelmayer WC, et al. Harmonizing acute and chronic
kidney disease definition and classification: report of a kidney
disease: improving global outcomes (KDIGO) consensus
conference. Kidney Int. 2021;100(3):516–26.

21. Bagshaw SM, George C, Bellomo R. ANZICS database manage-
ment committee: early acute kidney injury and sepsis: a multi-
centre evaluation. Crit Care. 2008;12:R47. https://doi.org/10.
1186/cc6863

22. Uribarri A, Núñez-Gil IJ, Aparisi A. Impact of renal function
on admission in COVID-19 patients: an analysis of the interna-
tional HOPE COVID-19 (health outcome predictive evaluation
for COVID-19) registry. J Nephrol. 2020;33:737–45. https://doi.
org/10.1007/s40620-020-00790-5

906 YÜKSEL ET AL.

https://orcid.org/0000-0003-0302-932X
https://orcid.org/0000-0003-0302-932X
https://orcid.org/0000-0001-6830-3639
https://orcid.org/0000-0001-6830-3639
https://orcid.org/0000-0002-2618-9177
https://orcid.org/0000-0002-2618-9177
https://orcid.org/0000-0002-2618-9177
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1093/ckj/sfab021
https://doi.org/10.1681/ASN.2020050615
https://doi.org/10.1159/000508657
https://doi.org/10.1159/000508657
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1016/j.amsu.2020.10.071
https://doi.org/10.1016/j.eclinm.2020.100426
https://doi.org/10.1016/j.eclinm.2020.100426
https://doi.org/10.2215/CJN.07920713
https://kdigo.org/guidelines/acute-kidneyinjury/
https://kdigo.org/guidelines/acute-kidneyinjury/
https://doi.org/10.2215/CJN.00220605
https://doi.org/10.2215/CJN.00220605
https://doi.org/10.1186/cc6863
https://doi.org/10.1186/cc6863
https://doi.org/10.1007/s40620-020-00790-5
https://doi.org/10.1007/s40620-020-00790-5


23. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW.
Acute kidney injury, mortality, length of stay, and costs in hos-
pitalized patients. J Am Soc Nephrol. 2005;16(11):3365–70.
https://doi.org/10.1681/ASN.2004090740

24. Adapa S, Aeddulab NR, Konalac VM, et al. COVID-19 and
renal failure: challenges in the delivery of renal replacement
therapy. J Clin Med Res. 2020;12(5):276–85. https://doi.org/10.
14740/jocmr4160

25. Dewit E, Doremalen NV, Falzarano D, et al. SARS and
MERS: recent insights into emerging coronaviruses. Nat
Rev Microbiol. 2016;14:523–34. https://doi.org/10.1038/
nrmicro.2016.81

26. Chu KH, Tsang WK, Tang CS, Lam MF, Lai FM, To KF, et al.
Acute renal impairment in coronavirus-associated severe acute
respiratory syndrome. Kidney Int. 2005;67:698–705. https://doi.
org/10.1111/j.1523-1755.2005.67130.x

27. Wang D, Yin Y, Hu C, Liu X, Zhang X, Zhou S, et al. Clinical
course and outcome of 107 patients infected with the novel
coronavirus, SARS-CoV-2, discharged from two hospitals in
Wuhan. China Crit Care. 2020;24:188. https://doi.org/10.1186/
s13054-020-02895-6

28. Peiris JSM, Chu CM, Cheng VCC, Chan KS, Hung IF,
Poon LL, et al. Clinical progression and viral load in a commu-
nity outbreak of coronavirus-associated SARS pneumonia: a
prospective study. Lancet. 2003;361:1767–72. https://doi.org/10.
1016/s0140-6736(03)13412-5

29. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan. China Lancet. 2020;395:497–506. https://doi.org/10.
1016/S0140-6736(20)30183-5

30. Du RH, Liang LR, Yang CQ, et al. Predictors of mortality for
patients with COVID-19 pneumonia caused by SARS-CoV-2: a
prospective cohort study. Eur Respir J. 2020;55:2000524.
https://doi.org/10.1183/13993003.00524-2020

31. Pettilä V, Webb SA, Bailey M, et al. Acute kidney injury in
patients with influenza a (H1N1) 2009. Intensive Care Med.
2011;37:763–7. https://doi.org/10.1007/s00134-011-2166-8

32. Lotfi B, Farshid S, Dadashzadeh N, Valizadeh R, Rahimi MM.
Is coronavirus disease 2019 (COVID-19) associated with renal
involvement? Rev Century Infect J Microbiol. 2020;13:e102899.

33. Association WM:Declaration of Helsinki, Ethical Principles For
Medical Research Involving Human Subjects. 52 nd WMA
General Assembly, Edinburgh, Scotland 2000.

How to cite this article: Yüksel E, Arac S, Deniz
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