J South Med Univ, 2021, 41(2): 157-163

doi 10.12122/j.issn.1673-4254.2021.02.01 + 157 -

Original Article

Acute Kidney injury in patients hospitalized with COVID-19 in
Wuhan, China: a single-center retrospective observational study

XIAO Guanhua', HU Hongbin’, WU Feng’, SHA Tong’, ZENG Zhenhua’, HUANG Qiaobing’, LI Haijun®,
HAN Jiafa‘, SONG Wenhong', CHEN Zhongqing’, CAI Shumin’

'Department of Respiratory and Critical Care Medicine, *Department of Critical Care Medicine, Nanfang Hospital, Southern Medical University,

Guangzhou 510515, China; *Guangdong Provincial Key Laboratory of Shock and Microcirculation, School of Basic Medical Sciences, Southern
Medical University, Guangzhou 510515, China; *Department of Radiology, Hankou Hospital of Wuhan, Wuhan 430012, China

Abstract: Objective To assess the predictors and outcomes of acute kidney injury (AKI) among patients with coronavirus disease
2019 (COVID-19). Methods This retrospective observational study was conducted among patients with a confirmed diagnosis of
COVID-19 admitted to Hankou Hospital between January, 5 and March 8, 2020. We evaluated the association of AKI with the
demographic and biochemical parameters and clinical outcomes of the patients using univariate regression analysis. Results A total
of 287 COVID-19 patients, including 55 with AKI and 232 without AKI, were included in the analysis. Compared with the patients
without AKI, the patients with AKI were older, predominantly male, and were more likely to have hypoxia and pre-existing
hypertension and cerebrovascular diseases. The patients with AKI also had higher levels of white blood cells, D-dimer, aspartate
aminotransferase, total bilirubin, creatine kinase, lactate dehydrogenase, procalcitonin, C-reactive protein, a higher prevalence of
hyperkalemia, lower lymphocyte counts, and higher chest computed tomographic scores. The incidence of stage 1 AKI was 14.3%
and that of stage 2 or 3 AKI was 4.9%. The patients with AKI had much higher mortality rate than those without AKI. Conclusions
AKI is an important complication of COVID-19. An older age, a male gender, multiple pre-existing comorbidities, lymphopenia,
increased infection indicators, elevated D-dimer, and impaired heart and liver functions are all potential risk factors of AKI. COVID-
19 patients with AKI that progresses into stages 2 or 3 AKI have a high mortality rate. Prevention of AKI and monitoring kidney

functionis critical in the care of COVID-19 patients.
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INTRODUCTION

Since its first outbreak in December, 2019, coronavirus
disease 2019 (COVID-19) has rapidly evolve into a
worldwide pandemic with clinical presentations greatly
resembling viral pneumonia™. The clinical spectrum of
COVID-19 pneumonia ranges from non-severe to severe
cases . Previous studies have described the general
epidemiological findings, clinical manifestations, and
clinical outcomes of COVID-19 patients ®*. The latest
data suggest that apart from the lungs, the kidney is the
most vulnerable organ under attack by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and
up to 37.5% of the fatal cases of COVID-19 showed signs
of acute kidney injury (AKI)"™. However, currently no
studies have been reported to examine the risk factors of
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AKI in COVID-19 patients or how they affect the
patients' outcomes. In this study, we investigated AKI in
COVID-19 patients admitted to Hankou Hospital in
Wuhan, China. We analyzed the factors associated with
AKI in the hospitalized patients to identify the factors
that can be potentially used for early identification of
COVID-19 patients who are at high risk of developing
AKI, so that they can be provided with timely intensive
care to reduce the mortality and morbidity associated

with AKL
PATIENTS AND METHODS
Study design and participants

This single-center, retrospective, observational study was
conducted at Hankou Hospital in Wuhan, China, which
is a designated hospital of COVID-19 patients. The
diagnostic  criteria for suspected and confirmed
COVID-19 cases were based on the criteria established
by WHO" ¥, and only COVID-19 patients who met the
WHO criteria were included in this study. Patients who
were younger than 18 years, who had undergone renal
replacement therapy (RRT) before admission, or whose
entire stay lasted for less than 48 h were excluded from
the analysis. The primary variable of interest was the
incidence of AKI, and the secondary outcome variables
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included 28-day mortality (calculated from the day of
admission) and the length of hospital stay. This study was
approved by the National Health Commission of China
and the Ethics Commission of Hankou Hospital
(hkyy2020-005). The Ethics Commission of Hankou
Hospital waived the requirement for obtaining informed
consent from the patients.

Data collection and definitions

We obtained epidemiological, demographic, clinical,
laboratory, management, and outcome data from the
patients' medical records using standardized data
collection forms. The clinical outcomes of the patients
were followed up to March 8, 2020. To analyze the
relationship between AKI staging and clinical outcomes,
a minimum follow-up time of 14 days was required, which
also applies to the patients who were discharged before
March 8, 2020. If the relevant data were missing from the
records or clarification was needed, the researchers
directly contacted the patients or their families to
ascertain the epidemiological and symptom data. All the
data were examined by two physicians. The initial
investigations included complete blood cell counts,
coagulation profile, and serum biochemical tests of renal
and liver function, creatine kinase, lactate
dehydrogenase (LDH), electrolytes, and 10 common
respiratory pathogens. All the patients received treatment
procedures and measurements following the protocols
published previously™.

All the patients underwent chest computed
tomography (CT) scan on admission. All the CT images
were reviewed independently by two fellowship-trained
cardiothoracic radiologists with approximately 5 years of
experience, using the Electronic Medical Record System
of Hankou Hospital, and the final decisions were made by
consensus. In case of disagreement over image
interpretations between the two radiologists, a third
fellowship-trained cardiothoracic radiologist with 10
years of experience adjudicated on the final decision. No
negative control cases were included and no blinding was
used in this study. The radiologists evaluated the initial
CT scans and assigned quantitative scores for the charac-
teristics using a recently published scoring system . The
total CT score was the sum of lung involvement: score 1-5
for each of the 5 lobes, O for none, and the maximum total
score was 25",

AKI was identified and classified on the basis of the
highest serum creatinine (Cr) level according to the
Kidney Disease Improving Global Outcomes (KDIGO)
definition and staging system"". However, urine output
was not routinely monitored in our hospital, which
rendered this approach infeasible. We thus used
creatinine increment alone for the diagnosis and staging
of AKI. In addition, baseline serum creatinine
measurement data were missing in some patients before
admission. Two alternative methods were used to
estimate the baseline creatinine level to make the
diagnosis of AKI: the average serum creatinine method
used the data from non-AKI patients to calculate the
average serum creatinine value based on age and sex"”,
and the estimated glomerular filtration rate (eGFR)

method used an Modification of Diet in Renal Disease
(MDRD) equation to determine the eGFR based on age
and sex (75 mL-min"+1.73 m®""'"%. Briefly, the diagnostic
criteria of AKI are: an increase in serum creatinine level
by =26.5 pmol/L. within 48 h, or an increase in serum
creatinine level to =1.5 times the baseline level in <7
days, using a known or presumed baseline level. The
criteria for AKI staging are: stage 1, an increase in serum
creatinine to 1.5 to 1.9 folds of the baseline, or an
increase in serum creatinine by =26.5 wmol/L; stage 2,
an increase in serum creatinine to 2.0 to 2.9 folds of the
baseline; stage 3, an increase in serum creatinine to 3.0
folds of the baseline or beyond, or an increase in serum
creatinine to =353.6 wmol/L, or the initiation of renal
replacement therapy.

Statistical analysis

Statistical analysis was performed using SPSS software
for Windows, version 20.0 (IBM Corp, Armonk, NY,
USA). Descriptive analyses were performed for the
demographic, clinical, and laboratory data. Univariate
regression analysis was used to assess the association of
AKI status with different parameters of interest. The
continuous data such as white blood cell count were
converted into categorical variables (normal, low, or high
levels). Multivariate analysis was not performed due to
the small sample size. The odds ratio (OR) obtained by
logistic regression was used to measure the strength of the
association of each factor with AKIL. A P value <0.05 was
considered to indicate a statistically significant
difference. The date of symptom onset was considered as
the starting date. We conducted a death certificate search
of the medical records to determine whether any patients
who were alive on discharge died subsequently, and
included these data in the analysis when applicable.

RESULTS

During the study period, a total of 287 patients who met
the case definition of clinically confirmed COVID-19 and
other  inclusion  criteria ~ were included. The
characteristics of the overall patients on admission and
their AKI status are shown in Tab.1. Fifty-five patients
were diagnosed with AKI and 232 patients did not have
AKI. In these patients, the incidence of AKI was 19.2%
according to the average serum creatinine method.
Compared to the patients without AKI, the patients with
AKI were more likely to be male, have an older age, and
have underlying comorbidities including chronic renal
insufficiency, hypertension, and cerebrovascular disease.
The patients with AKI tended to have more severe
pneumonia, and were more likely to have hypoxia and
tachypnea. Tab.2 shows the results of laboratory tests of
the patients performed on admission. Compared with the
patients without AKI, the patients with AKI had higher
white blood cell and neutrophil counts, higher levels of
D-dimer, aspartate aminotransferase, total bilirubin,
creatine kinase, LDH, procalcitonin (PCT), and
C-reactive protein (CRP), and had a higher incidence of
hyperkalemia; they also had lower lymphocyte counts
and lower serum albumin levels.
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Tab.1 Characteristics of COVID-19 patients on admission according to acute kidney injury status

Characteristics Total AKI No AKI Odds ratio 95%Cl P
No. of patients 287 (100.0)  55(19.0) 232(81.0) - - -
Sex
Male 160 (55.7) 38 (69.1) 122 (52.6) 1.0 (ref.) - -
Female 127 (44.3) 17 (30.9) 110 (47.4) 0.50 0.27-0.93 0.03
Age [year, median (IQR)] 62 (51-70) 66 (57-74) 60 (49-69) 1.03 1.01-1.05 0.01
Weight (kg, Mean+SD) 64.2+11.7 68.1+9.3 63.0+12.1 1.04 0.99-1.10 0.16
Body mass index (Mean+SD) 23.6+3.3 24.2+2.4 23.4+3.5 1.08 0.90-1.29 0.43
Pre-existing comorbidities
Chronic obstructive pulmonary disease 16 (6.0) 6 (11.0) 10 (4.0) 2.72 0.94-7.83 0.06
Chronic renal insufficiency 5(2.0) 3(5.0) 2(1.0) 6.64 1.08-40.72 0.04
Cardiovascular disease 33(12.0) 10(18.0) 23(10.0) 2.02 0.90-4.54 0.08
Hypertension 87 (30.0) 23 (42.0) 64 (28.0) 1.89 1.03-3.47 0.04
Diabetes mellitus 45 (16.0) 12(22) 33(14.0) 1.68 0.80-3.52 0.16
Cerebrovascular disease 23(8.0) 9(16.0) 14 (6.0) 3.05 1.24-7.46 0.02
Chronic liver disease 10 (4.0) 1(2.0) 9(4.0) 0.46 0.06-3.70 0.73
Cancer 8(3.0) 3(5.0) 5(2.0) 2.62 0.61-11.31 0.38
Onset to admission time [day, median (IQR)] 10 (6-14) 10 (6-14) 9(5-13) 1.02 0.97-1.07 0.54
Signs and symptoms
Fever 223(78.0) 40(73.0) 183(79.0) 0.71 0.37-1.40 0.32
Cough 209 (73.0) 41(75.0) 168 (72.0) 1.17 0.57-2.18 0.75
Dyspnea 139 (48.0) 29 (53.0) 110 (47.0) 1.24 0.69-2.23 0.48
Myalgia or fatigue 137 (48.0) 25 (45.0) 112 (48.0) 0.89 0.50-1.61 0.71
Other symptoms’ 138 (48.0) 24 (44.0) 114 (49.0) 0.80 0.44-1.45 0.46
Hypoxia® 99 (35.0) 27 (49.0) 72(31.0) 2.14 1.18-3.89 0.01
Tachypnea® 21(7.0) 10(18.0) 11(5.0) 4.47 1.79-11.14 0.01
Family cluster 23(8.0) 3(6.0) 20(9.0) 0.61 0.18-2.14 0.62
Disease severity*
Non-severe 163 (57.0) 21(38.0) 142 (61.0) 1.00 (ref.) - -
Severe 124 (43.0) 34 (62.0) 90 (39.0) 2.54 1.40-4.68 0.01
PCR result
Negative 131 (45.6) 25 (45.5) 106 (45.7) 1.0 (ref.) - -
Positive 156 (54.4) 30 (54.5) 126 (54.3) 1.01 0.56-1.82 0.98

Data are presented as number of cases with percentage in parenthesis unless otherwise specified. AKI: Acute kidney injury; IQR:
Interquartile range. 'Other symptoms include shivering, headache, chest pain, wheezing, hemoptysis, sore throat, vomiting, and diarrhea.
*Hypoxia is defined as an oxygen saturation <93%. *Tachypnea is defined as a respiratory rate =30 min™ at rest. ‘Disease severity is graded
according to the American Thoracic Society and Infectious Diseases Society of America criteria.

A nucleic acid assay for 10 respiratory pathogens
antibodies detected respiratory syncytial virus A/B
infection in 2 patients, Mycoplasma pneumoniae infection
in 1 patient, and Chlamydophila pneumoniae coinfection
in 1 patient. None of these 4 patients with respiratory
coinfections developed AKI (Tab.2). Fig.1 shows the
typical CT images of a patient taken at different time
points during hospitalization (from the initial onset of
symptoms to full recovery). The patients with AKI had a
significantly higher median chest CT score than those
without AKI (Tab.2).

Of the 287 patients included in the study, 65.5%

were discharged by March 8, 2020 (the date on which
follow-up was censored). The mortality rate was 6.6%
(Tab.3). The incidence of stage 1 and stages 2/3 AKI was
14.3% and 4.9% , respectively. The AKI stage was
related to the clinical endpoint of the patient. Analysis of
the outcomes of the patients in relation to AKI status and
stage showed that patients with stage 1 and stages 2/3
AKI had significantly lower discharge rates than the
non-AKI patients (41.5% and 14.3% vs 72.4%, P<0.01)
with also significantly higher mortality rates (7.3% and
64.3% wvs 3.0%, P<0.01). The median length of hospital
stay of non-AKI, AKI stage 1, and AKI stages 2/3
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Tab.2 Laboratory results of COVID-19 patients on admission according to acute kidney injury status

Parameter Normal range Total (n=287) AKI (n=55) No AKI (n=232) P
White blood cell count (x10°/L) 4.0-10.0 5.0(3.8-7.2) 5.8 (4.3-9.5) 4.9(3.6-6.7) <0.01
<4 [n(%)] - 129 (45) 9(16) 120 (52)
4-10[n(%)] - 131 (46) 34 (62) 97 (42) <0.01
>0 [n(%)] - 27 (9) 12(22) 15 (6)
Neutrophil count (x10°/L), 1.8-6.3 3.6 (2.3-5.5) 4.5 (3.0-8.5) 3.4(2.2-5.1) <0.01
Lymphocyte count (x10°L), 1.1-3.2 0.8 (0.6-1.2) 0.7 (0.4-1.0) 0.9 (0.6-1.2) <0.01
Hemoglobin (g/L, Mean+SD) 120-150 128.3+17.1 125+20.0 129.1+16.3 0.1
Prothrombin time (s, Mean+SD) 11.0-16.0 15.315.8 1711117 14.9+2.8 0.1
Activated partial thromboplastin time 27.0-45.0 35.847.3) 37.74105 35.4+6.3 0.05
(s, Mean+SD)
D-dimer (mg/mL) 0.0-0.5 0.6 (0.2-2.0) 0.9 (0.2-6.6) 0.5(0.2-1.6) <0.01
Alanine aminotransferase (U/L) 0-40 25(17-38) 27 (18-43) 24 (16-37) 0.18
Aspartate aminotransferase (U/L) 0-40 27 (20-41) 35(23-50) 26 (19-40) <0.01
Total bilirubin (umol/L) 3.4-20.5 8.9 (6.6-12.0) 11.0(8.1-16.0) 8.6 (6.3-11.38) <0.01
Albumin (g/L, Mean+SD) 34.0-54.0 33.444.8 31.645.6 33.844.5 <0.01
Creatine kinase (U/L) 30.0-310.0 100.0 (58.0-172.0) 118.0 (69.0-223.0) 99.0 (51.25-154.0) 0.03
Lactate dehydrogenase (U/L) 120-150 255 (188-359) 344 (234-469) 238 (183-333) <0.01
Glucose >11.1 mmol/L [n(%)] 3.9-6.1 44 (15.0) 12(22.0) 32(14.0) 0.14
Procalcitonin (ng/mL) <0.05 0.07 (0.05-0.16) 0.15(0.09-0.41) 0.07 (0.04-0.13) <0.01
C-reactive protein (mg/L) <5.0 23.4 (4.1-38.0) 34.6(10.6-71.7) 19.5 (4.0-37.0) 0.02
Hyperkalemia (>5.0 mmol/L) [n(%)] <5 22(8.0) 10(18.0) 12(5.0) <0.01
Other respiratory pathogens’ [n(%)] NA 4(1.0) 0(0.0) 4(2.0) >0.99
CT score® NA 7(5-12) 9(6-15) 7 (5-11) <0.01

Data are presented as median with interquartile range (IQR) in parenthesis unless specified otherwise. AKI: Acute kidney injury. CT:
Computed tomography. NA: Not applicable. 'By PCR tests for influenza A virus, influenza B virus, rhinovirus/enterovirus, respiratory syncytial
virus A/B, adenovirus, Mycoplasma pneumoniae, parainfluenza viruses, Bordetella pertussis, Legionella pneumophila, and Chlamydophila
pneumoniae. *For each patient, the initial CT scans were evaluated and a quantitative score was assigned based on characteristics reported

in recently published literature®.

patients was 18.0,22.5, and 12.0 days, respectively.

DISCUSSION

Our results show that an older age, severe pneumonia,
and pre-existing cardiovascular and renal disease are all
associated with an increased risk of AKI in COVID-19
patients. A recent seminal work suggested that the
COVID-19 uses the angiotensin converting enzyme 1l
(ACE2) as a cell entry receptor, a cellular mechanism
identical to that of the SARS-CoV ™ . In addition, a
gain-of-function experiment found that the ACE2 could
be used by a wildtype coronavirus of a bat origin to gain
entry into cells"'". Of note, the expression of ACE2 is
almost 100-fold higher in the kidney tissue than in the
respiratory organs, suggesting that the renal cells may be
the target of infection by SARS-CoV and SARS-CoV-2.
The study by Li et al™ on kidney function in patients
with  COVID-19 showed that 63% of the patients
exhibited proteinuria, with an elevated level of plasma
creatinine and blood urea nitrogen. CT scans also showed
radiographic abnormalities of the kidneys in COVID-19

patients ", and most importantly, SARS-CoV-2 nucleic

acids were found in the urine of the patients ™. Taken
together, indicate  that kidney
impairment may be one of the major causes of morbidity

these evidences
and may contribute to multiorgan failure and death in
COVID-19 patients.

We found that among the 287 patients included in
this study, the incidence of AKI was substantially higher
than the overall incidence of 0.5%-7% reported in
previous studies ™ 7 and was comparable to that in
critically ill patients hospitalized with other illnesses
(29% ) ™. The high incidence of AKI observed in this
study was presumably attributed to several reasons. First,
most of the COVID-19 patients included in this study had
severe disease. At the time of admission, 43% of the
patients had severe disease. Although many patients had
low pulse oxygen saturation at admission, they appeared
to have mild symptoms of dyspnea, possibly as a result of
gradual deterioration of the condition to allow for
adaption and compensation. The very high CT scores and
rapid deterioration after admission in many patients also
suggest the severe condition of these patients. Second,
the methods that we used to diagnose and stage AKI
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Fig.1 Transverse chest computed tomography (CT) images of the lungs of a 47-year-old man with COVID-19.
A: Bilateral ground glass opacities are visible in the lungs on day 6 after symptom onset. B: Diffuse bilateral
areas of ground-glass opacities and consolidation of the peripheries of both lungs on day 11 after symptom
onset. C: Increased diffuse bilateral areas of ground glass opacities and consolidation on day 18 after symptom
onset. D: Gradual resolution of consolidation and partially reticular pulmonary fibrosis on day 31 after symptom
onset.

Tab.3 Clinical outcomes of COVID-19 patients at data cutoff

Outcome All patients (n=287) No AKI (n=232) AKlstage 1 (n=41) AKlstages 2 & 3 (n=14) P
Clinical outcomes [n(%)] <0.01
Discharge from hospital 188 (65.5) 168 (72.4) 17 (41.5) 2(14.3)

Hospitalization 80 (27.9) 57 (24.6) 21(51.2) 3(21.4)

Death 19 (6.6) 7(3.0) 3(7.3) 9(64.3)

Hospital stay [day, median (IQR)] 18.0(12.0-23.0) 18.0(13.0-23.0) 22.5(8.3-28.0) 12.0 (4.5-17.8) 0.02

might cause overestimation of the incidence and severity
of AKI. In the early stage of COVID-19 outbreak, the
medical resources was overwhelmed and many patients
did not have a baseline serum creatinine test prior to
admission or in the previous year, so that we could only
estimate the baseline serum creatinine according to the
patient's sex, weight, medical history and other related
parameters. The incidence of AKI was determined based
on baseline values and serum creatinine levels within 7
days of admission. In order to reduce the bias of the
estimation, we used two methods for AKI diagnosis in
these patients, namely the average serum creatinine
method " and eGFR 75 method "”, by which the
incidence of AKI was 25.8% and 19.2% , respectively

(Tab.4). The estimated baseline serum creatinine levels

by the eGFR75 method differed significantly from the
test results of some of the patients whose baseline serum
creatinine results were available. The inaccuracies in the
estimated baseline serum creatinine level might have
caused an overestimation of the incidence of AKI in our
study.

However, even the overestimated incidence of AKI
does not directly affect our investigation of the risk
factors of AKI. We found that an older age, multiple
pre-existing comorbidities, an increased white blood cell
count, low lymphocyte count, and increased levels of PCT
and CRP were all risk factors for AKI in patients with
COVID-19. The prevalence of several pre-existing
comorbidities, including chronic lung diseases and
diabetes mellitus, did not differ significantly between the
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Tab.4 Accuracy of AKI diagnosis between average SCr method
and eGFR 75 method [n(%)]

Diagnosis Average SCr eGFR 75
Non-AKI 213(74.2) 232(80.8)
AKI 74(25.8) 55(19.2)
Stage 1AKI 55(19.2) 41(14.3)
Stage 2-3 AKI 19(6.6) 14(4.9)

'Baseline serum creatinine level was estimated from average
levels of SCr based on age and gender using the data of non-AKI
patients. *Estimated baseline SCr was back-calculated from the
eGFR value fixed by age and gender (75 mL-min™-1.73 m”) using
the MDRD equation.

patients with and without AKI, although this might be
due to the relatively small number of cases of AKI in this
study. Lymphopenia indicates that decreased immunity
might occur in patients with COVID-19, and increased
levels of PCT and CRP suggest that some patients may
have secondary bacterial infections that caused excessive
inflammatory responses. Unfortunately, we did not
conduct bacterial or fungal cultures for the patients with
respiratory coinfections detected by PCR due to the
shortage of medical staff, and were unable to test the
patients' inflammatory factor profiles because no test kits
were available in the local hospital. Previous studies™*”
have shown that patients with COVID-19 have
significantly increased D-dimer levels, multiple organ
damage, and electrolyte disturbances. Our study showed
that these abnormalities were more pronounced in
patients with AKI. The occurrence and development of
AKI often leads to the imbalance of blood volume and
electrolytes, accumulation of metabolites, and
aggravation of multiple organ dysfunction, thus creating a
vicious cycle. The majority of patients with stage 1 AKI
recovered and were discharged, but those who progressed
into stage 2/3 AKI had an extremely high mortality rate,
possibly due to the limited treatment conditions in the
local facility. Early intervention of AKI is thus important
in these patients, and continuous renal replacement
should be considered to prevent the progression of AKI.
This study has several limitations. First, due to the
large number of patients and the shortage of medical staff
and equipment, we did not perform blood gas analysis or
blood lactate measurement in most patients. Instead, we
indirectly evaluated oxygenation of the patients based on
their chief complaints, pulse oxygen saturation
monitoring and CT. Second, we did not explore the
impact of treatment on AKI, because our treatments were
based on WHO's standardized protocols"™, in which the
antiviral drugs, antibacterial drugs and hormones have
little effect on renal function. Third, we did not exclude
patients with chronic renal insufficiency. Five of the
patients had chronic renal insufficiency, including 3 in
AKI group and 2 in the non-AKI group. Two of the
patients had hypertension and 3 were diabetic at
admission, but they all had normal creatinine level in the
previous year. Fourth, the urgency in data collection and
short follow-up time of the patients (the shortest hospital

stay of the patients was only 14 days) may affect the final
prognostic evaluation of the patients to cause bias in
survival time analysis. Fifth, we did not analyze such
comorbidities as shock and adult respiratory distress
syndrome (ARDS), because we aimed primarily to
analyze the risk factors of AKI in COVID-19 patients on
admission to provide evidence for the development of
COVID-19 prevention and treatment guidelines.

Conclusion

The kidney is a primary target organ of SARS-CoV-2 and
the incidence of AKI is high in hospitalized patients with
COVID-19. Deterioration of kidney function aggravates
other organ damage. An older age, severe pneumonia,
and pre-existing cardiovascular and renal diseases are
potential risk factors for AKI in patients with COVID-19.
Although the incidence of stage 1 AKI is high in critically
ill patients, most of the patients can have favorable
outcomes; but progression into stage 2/3 AKI is
associated with a very high mortality rate, and the
prevention of AKI and monitoring of kidney function is
thus important in clinical management of COVID-19.
Future studies of AKI in COVID-19 patients should use
more accurate baseline creatinine levels and urine
volume measurements as the basis for AKI diagnosis.
Larger, multi-centered studies are needed to obtain a
better understanding of AKI for its prevention and
management in COVID-19 patients.
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