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Abstract

Objective: The main objective of this study is to evaluate the frequency of acute kidney injury (AKI) in COVID-19 infected 
patients who are hospitalized in the intensive care unit (ICU). 
Materials and Methods: This study was performed retrospectively on patients above 18 years of age who had a positive 
polymerase chain reaction (PCR), a typical chest computed tomography (CT) for COVID-19 disease. The patients were hos-
pitalized in the medical ICU and kidney disease improving global outcomes (KDIGO) criteria was used for AKI classification.
Results: We included 16 patients. The median age was 75 years and 88% were male. The most common co-morbid diseas-
es were hypertension (HT) (56%) and cardiovascular disease (CVD) (44%). The median acute physiology and chronic health 
evaluation II (APACHE II) and sequential organ failure assessment (SOFA) scores were 26 (19-32) and 7 (4-9) respectively. 
Patients median serum blood urea nitrogen (BUN) and creatinine levels were 27.8 (19.2-44.7) mg/dL, 1.32 (0.97-2.81) mg/dL 
respectively. According to the KDIGO classification: there was no AKI in 25% of the patients while, 19% stage 1, 12% stage 2 
and 44% stage 3 AKI was observed. AKI developed in 75% of the patients.
Conclusion: In this study we detected a high frequency of AKI in SARS-CoV2 infected patients hospitalized in the ICU.
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INTRODUCTION
In December 2019 SARS CoV-2 was seen for the first time 
in Hubei province, Wuhan city, China (1-4). After that the 
virus quickly spread throughout the world. On the 11th of 
March 2020 this virus was declared as a pandemic by the 
World Health Organization (WHO). The SARS CoV-2 virus 
shows initial signs/symptoms such as fever, cough and 
dyspnea (3). About 5-14.2% of the patients hospitalized 
in the ward may later on need to be admitted to the ICU 
due to deterioration of the clinical condition especially 
caused by respiratory failure and/or pneumonia (3, 5, 6). 
As clinical experience and knowledge increased we came 
to know that SARS Cov-2 infection affects the vascular, 
cardiac, hepatic and renal organs (7-10). In post-mortem 
biopsies it was observed that COVID-19 disease not only 

directly affects the kidneys but also affects them indirect-
ly by causing multiple organ failure (1, 11, 12).

The frequency of AKI in hospitalized SARS CoV-2 infect-
ed patients varies from 3-36.6% (4, 8, 11, 13). Kidney 
involvement in these patients was determined as an 
increased risk factor for mortality (13, 14). In order to 
develop future treatments it is important to detect kid-
ney involvement in these patients. There are few studies 
in which AKI is classified according to the KDIGO guide-
lines, especially in critically ill patients (1). 

The primary objective of this study is to determine the 
frequency of AKI in ICU hospitalized COVID-19 infected 
patients.
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As for the secondary objective we aim to determine the de-
mographics, laboratory and clinical features of these pa-
tients.

MATERIALS AND METHODS
This study was performed  in Medical  and Pulmonology ICU on 
COVID-19 positive patients. The medical charts of hospitalized 
patients who were in the ICU were reviewed retrospectively be-
tween 20th of March 2020 and 28th May 2020. The information 
was obtained from the patient files and the hospital electronic 
record  system. The ethics committee approval was received for 
this study from the Local Research Ethics Committee of Erciyes 
University School of Medicine (Approval Date: April 06, 2020; 
Approval Number: 2020- 199).

Patients included were over 18 years of age, hospitalized in the 
ICU for more than 24 hours, diagnosed with COVID-19 disease 
with positive PCR test and with a typical chest CT. Patients diag-
nosed with pneumonia in the ICU with a negative COVID-19 test 
and an atypical/vague chest CT were excluded.

On the day of hospitalization the age, sex, Glasgow coma scale 
(GCS), APACHE II score and co-morbid diseases were recorded. 
Upon ICU hospitalization blood tests were performed and white 
blood count (WBC), lymphocyte count, hemoglobin, platelet 
count, BUN, creatinine, sodium (Na), potassium (K), ferritin, 
D-dimer, troponin, fibrinogen, C-reactive protein (CRP) and pro-
calcitonin results were recorded.

The medications given to the patient were recorded as COVID-19 
specific medications and other drugs. The duration of mechani-
cal ventilation (MV), need for renal replacement treatment ther-
apy, SOFA score, PaO2/FiO2 index, need for prone positioning, 
use of cytokine filter, total length of ICU stay and mortality were 
also recorded. 

Diagnosis
COVID-19 diagnosis was verified by at least two positive re-
al-time PCR tests and by one positive antibody test. Labora-
tory confirmation for SARS-Cov-2 was defined as a positive 
result of real-time reverse transcriptase-polymerase chain 
reaction (RTPCR) assay of nasal, pharyngeal swabs or endo-
tracheal aspirate according to the WHO guideline (15). Accord-
ing to the Radiological Society of North America classification, 

patients with a typical COVID-19 chest CT were considered as 
disease positive (16).

Whether these patients developed AKI was examined every day 
during their days of ICU stay. AKI was diagnosed according to 
KDIGO criteria (17). 

Statistical Analysis
All statistical analyses were calculated using the IBM Statisti-
cal Package for the Social Sciences software version 22.0 (IBM 
SPSS Corp.; Armonk, NY, USA). Data was reported as interquar-
tile range, median (IQR, 25%-75%) for all parameters. The chi-
square test was used to determine significant differences in 
rates between categorical variables. p<0.05 was considered 
statistically significant.

RESULTS
Sixteen patients were enrolled in the study 12 (75%) of 
whom had a positive PCR and the other 4 (25%) patients had 
a typical COVID-19 chest CT. The median age was 75 (65-77) 
years and 88% of the patients were male. The most common 
co-morbid diseases were HT (56%) and CVD (44%). The me-
dian APACHE II and SOFA scores were 26 (19-32) and 7 (4-9) 
respectively. Patient’s median BUN and creatinine levels 
were 27.8 (19.2-44.7) mg/dL and 1.32 (0.97-2.81) mg/dL. Me-
dian ferritin level was 579 (342-916) ng/mL. The median WBC 
and lymphocyte count were 6.39 (4.76-12.19) 103/µL and 0.97 
(0.58-1.30) 103/µL, respectively. When the blood gas was an-
alyzed upon ICU hospitalization the median Pa02/Fi02 ratio 
was 181 (112-250).

All patients received hydroxychloroquine therapy, 75% of the 
patients received oseltamivir and 88% received favipiravir. 
All patients received azithromycin and/or levofloxacin which 
are drugs used in the treatment of atypical bacterial infec-
tion.

During follow-up, 9 patients (56%) were placed in the prone 
position. Immune plasma treatment was applied to 5 patients 
(31%). MV was performed on 13 patients (88%) and 6 patients 
(38%) needed renal replacement therapy. The median length 
of ICU stay was 14 (7-20) days. ICU mortality rate was 62%. De-
tailed demographic, laboratory and clinical information are giv-
en in Table 1.

When the patients were evaluated according to the KDIGO 
classification: while AKI did not develop in 25% (4 patients), 
stage 1 AKI in 3 patients (19%), stage 2 AKI in 2 patients (12%) 
and stage 3 AKI in 7 patients (44%) were detected (Figure 1). 
During follow-up, 75% of patients developed AKI. Survivors 
and no survivors were compared according to AKI staging but 
no statistically significant difference was seen between them 
(p=0.098). Six (38%) of the patients who developed AKI stage 
3 died (Table 2).

Main Points

•	 The rate of AKI was found to be high in SARS-CoV-2 infected 
critically ill patients.

•	 SARS-CoV-2 infected critically ill patients has older age and 
male gender.

•	 The most common co-morbid disease were HT and CVD.
•	 SARS-CoV-2 infected critically ill patients ICU mortality rate 

has been observed higher than other ICU patients.
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DISCUSSION
In this study, AKI frequency was classified according to the KDI-
GO criteria in critically ill patients diagnosed with COVID-19 
disease followed in the ICU. AKI stage 1 was detected in 19% of 
patients, stage 2 was detected in 12% of patients and stage 3 in 
44% of patients.

Most of the patients were elderly with the mean age was 75 
years with significant male dominance (88%). HT and CVD were 
the most common co-morbid diseases. The median APACHE II 
score was 26 and ICU mortality rate was 62%. Severe clinical 
course with high mortality and high AKI frequency is expected 
considering the severity of the disease. 

In a study conducted by Cheng et al. (13) on 701 hospitalized 
COVID-19 patients, AKI frequency was found to be 5.1%. AKI 
was detected in 1.9% stage 1, 1.3% stage 2 and 2% stage 3 pa-
tients. The average age of the patients was 63 years and HT 
was seen in 33.4% of the patients. Only 10.4% of the patients 
were admitted to the ICU and the mortality rate was 16.1%. 
Their patient’s severity and comorbidities were less than our 
patients. This may explain the high AKI frequency and mortal-
ity in our patients. 

AKI was examined according to KDIGO criteria in a study by Hirsch 
et al. (8), which included 13 academics and 5449 patients from 
community hospitals. AKI was detected in 1993 (36.6%) of the 

Figure 1. According to KDIGO guideline AKI classification patients with SARS-
CoV-2 infection

Table 1. Patients demographic, laboratory and clinical characteristics
Patients N=16

Age (IQR), year 75 (65-77)
Gender, n(%)
 Male 14 (88)
 Female 2 (12)
Co-morbid disease, n(%)
HT 9 (56)
DM 4 (25)
CVD 7 (44)
COPD 2 (12)
CRF 2 (12)
Malignancy 2 (12)
APACHE II score (IQR) 26 (19-32)
SOFA score (IQR) 7 (4-9)
GC score (IQR) 6 (3-15)
BUN (IQR), mg/dL 27.8 (19.2-44.7)
Creatinine (IQR), mg/dL 1.32 (0.97-2.81)
Na (IQR), mmol/L 137 (133-139)
K (IQR), mmol/L 4.44 (3.99-4.78)
Ferritin (IQR), ng/mL 579 (342-916)
D-Dimer (IQR), µg/L 990 (612-3402)
Fibrinojen (IQR), µg/L 408 (305-580)
Troponin (IQR), ng/mL 0.025 (0.011-0.208)
Hb (IQR), g/dL 12.55 (11.05-14.75)
WBC (IQR), 103/µL 6.39 (4.76-12.19)
Lenfosit (IQR), 103/µL 0.97 (0.58-1.30)
Thrombosit (IQR), 103/µL 177.5 (109.5-229.75)
CRP (IQR), mg/L 80.68 (44.0-11.75)
Procalcitonin (IQR), ng/mL 0.230 (0.067-0.330)
PaO2/FiO2 181 (112-250)
Hidroksicloroquine, n (%) 16 (100)
Oseltamivir, n (%) 12 (75)
Azitromicin/Levofloxacin, n (%) 16 (100)
Favipiravir, n (%) 14 (88)
Lopinavir/Ritanavir, n (%) 6 (38)
Prone position, n (%) 9 (56)
Convelecan plasma, n (%) 5 (31)
Cytokine filters, n (%) 3 (19)
Need for MV, n (%) 13 (81)
Renal replasman therapy, n(%)
IHD 3 (19)
CVVHDF 3 (19)
Length of ICU stay, (IQR) day 14 (7-20)
ICU mortality, n (%) 10 (62)
IQR: interquartile range (25%-75%); HT: hypertension; DM: diabetes mellitus; 
CVD: cardiovascular disease; CRF: chronic renal failure; COPD: chronic obstruc-
tive pulmonary disease; APACHE II: acute physiology and chronic health eval-
uation II; SOFA: sequential organ failure assessment; GC: Glasgow coma scale; 
BUN: blood urea nitrogen; Na: sodium; K: potassium; WBC: white blood cell; CRP: 
C-reactive protein; MV: mechanical ventilation; IHD: intermittent hemodialysis; 
CVVHDF: continuous veno-venous hemodiafiltration; ICU: intensive care unit

Table 2. Comparison of survivor and non-survivor patients according 
to AKI classification

Survivor N=6 Non-survivor N=10 p
AKI stage, n (%)

Normal 3 (19) 1 (6)

0.098
Stage 1 2 (12) 1 (6)

Stage 2 0 (0) 2 (12)

Stage 3 1 (6) 6 (38)
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patients. In this study, 46.5% stage 1, 22.4% stage 2 and 31.1% 
AKI stage 3 patients were seen. 14.3% of the patients required re-
nal replacement therapy. Older age, diabetes mellitus (DM), HT, 
CVD, black race, MV requirement and vasopressor drug use were 
determined to be the risk factors for AKI development in their 
study. The patient characteristics of this study are similar to ours. 
ICU admission were required in 25.6% of the patients and 21.1% 
needed MV. In addition, risk factors for AKI detected by Hirsch et 
al. (8) were also observed in our patients. In a study done in Chi-
na, COVID-19 positive 34 ICU patients were examined (1), it was 
shown that renal failure was more common in patients with MV 
requirement. Patient characteristics included in this study are 
also similar to ours.  

In Turkey, treatment of COVID-19 patients is regulated by guide-
lines published by the Ministry of Health COVID-19 Science 
Board (18). We applied the treatment protocols according to 
the scientific board guidelines. The antivirals and antibiotics 
used to prevent secondary bacterial infections may cause re-
nal toxicity. All patients received hydroxychloroquine, azith-
romycin and/or levofloxacin treatment. More than half of the 
patients received oseltamivir and favipiravir. Less than half re-
ceived lopinavir/ritonavir. These drugs may have contributed to 
AKI development.

Hemodynamic instability, multiple organ failure, hypotension 
and shock are conditions that contribute to AKI development.

In our study, median  SOFA score was 7 and 81% of patients 
were intubated. The patients had moderate ARDS upon ICU 
admission (PaO2/Fi02: 181), 56% of them needed prone po-
sitioning and 38% received renal replacement therapy. The 
previously mentioned characteristics show that our patients 
were clinically unstable and that may contribute to the high 
AKI rate.

In a multi-center study conducted in accordance with KDIGO 
criteria in ICU non-COVID-19 patients, AKI frequency in critically 
ill patients was found to be 57.3% and it was found to increase 
mortality (19). In post-mortem studies, it has been shown that 
SARS CoV-2 infection directly damages the kidney (11, 12). The 
reason for the high rate of AKI in our patients may be caused 
both by hemodynamic instability and direct viral effect.

The number median length of ICU stay of our patients was 14 
days, and the mortality rate was 62%. In our previous studies 
from the same ICU, the average hospitalization duration was 
6 days (20). In addition, the overall patient mortality of our in-
tensive care unit is 38% (20). Intensive care days and mortality 
rates of patients followed with COVID-19 infection were higher 
than other ICU  patients.

The study being single centered and a small number of patients 
has significant limitations. Moreover, detailed medication uses 
such as antibiotics, sedatives, and analgesics which may cause 

AKI, and sepsis which may cause multiple organ failure, were 
not evaluated. Post-mortem biopsy was not performed on the 
patients. Detailed risk analysis for mortality was not performed 
because the low number of patients.

CONCLUSION
As a result of this study, the rate of AKI was found to be high 
in critically ill patients who were followed up in the ICU with 
the diagnosis of COVID-19. To better determine the etiology of 
AKI, detailed studies and analysis with more patient population 
should be done.
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