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Acute Kidney Injury Outcome in COVID-19 Patients
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Introduction. Despite the high incidence of AKI in patients with 
COVID-19, the characteristics and consequences of this condition 
have not been well studied.
Methods. This retrospective cohort study investigated the clinical 
characteristics, treatment methods, and outcome of COVID-19 
patients aged 18 years and older who were hospitalized in Imam 
Hossein Hospital, Tehran, from February 20th, 2020 to June 20th, 
2020.
Results. Out of the total 367 patients with COVID-19, 104 (28%) 
patients were diagnosed with AKI at the time of admission or during 
hospitalization, 86 (23%) and 18 (5%) patients were diagnosed with 
the AKI on admission (early AKI) and after the first 24 h (late AKI), 
respectively. Concerning the AKI stages, 20 (19%) and 18 (17%) 
patients were in stages 2 and 3, and the cause of AKI in 52 (50%) 
patients was renal. Moreover, out of all patients with AKI, 25 (24%) 
and 29 (28%) patients had transient (Kidney function improvement 
within 48 h) and persistent AKI (kidney function improvement 
between 48 h to 7 days). Furthermore, 32 (31%) patients developed 
acute kidney damage (AKD) (no improvement in AKI after 7 days). 
The survival rate of AKI patients was lower in higher stages of 
AKI, and in cases that the reason for kidney dysfunction was renal 
or unknown. However, there was no difference in the mortality 
rate between the early and late AKI.
Conclusion. Since about one-third of the patients with AKI 
eventually develop AKD, it is of great importance to closely 
monitor all COVID-19 patients, especially the high-risk ones, for 
the appropriate diagnosis and treatment of AKI.
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INTRODUCTION
In December 2019, a new coronavirus was 

detected in Wuhan,  China,  causing severe 
acute respiratory syndrome called COVID-19 in 
February 2020.1 In March 2020, the World Health 
Organization introduced it as a global pandemic 
given, the unprecedented spread of the virus and 
its high rate of morbidity and mortality2. Although 
infection is mild in most cases, about 20% of the 
patients will require hospitalization or admission 

to the ICU wards for severe shortness of breathing 
and pneumonia.3

Severe cases of COVID-19 disease were initially 
identified as an acute respiratory distress syndrome 
characterized by interstitial and alveolar pneumonia. 
It was initially reported that COVID-19 disease 
did not cause acute kidney injury (AKI).4-8 Later, 
it became clear that other organs, such as kidneys 
could also be involved. Subsequent studies, 
however, have shown that renal impairment is a 
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common complication in patients with COVID-19.9, 

10 According to a review study by Kolhe et al., 
the reported incidence of AKI was about 22-36% 
in the United States and 5.1-10.5% in China.9, 11-14 
In a review study by Fu et al., the mean incidence 
of AKI was 28.6% in 20 studies conducted in the 
United States and Europe and 5.5% in 62 studies 
conducted in China.15 Iran is one of the countries 
with a high prevalence of COVID-19 and a reported 
AKI incidence of 24% (CI:17-31%) in these patients. 16

It is worth mentioning that, the mortality rate 
has been higher in COVID-19 patients with AKI, 
and AKI has been more prevalent among patients 
with severe cases of the disease17. Most studies 
have assessed the effect of AKI on the prognosis 
of COVID-19 disease. However, few studies have 
evaluated the characteristics and consequences of 
AKI in these patients. It has been reported that 
kidney function may not improve fully in most 
patients who recover from the disease.18-21 This 
study was designed to investigate the characteristics 
and consequences of AKI in patients with COVID-19.

MATERIALS AND METHODS
This retrospective cohort study was conducted 

on patients aged over 18 with COVID-19, confirmed 
by polymerase chain reaction (PCR) test, in Imam 
Hossein Hospital, Tehran, from February 20th to 
June 20th, 2020. Patients with a history of chronic 
kidney disease were excluded from the study. 
We collected data related to the demographics, 
previous medical history, vital signs, symptoms, 
oxygen saturation, laboratory results, length of 
hospital stay, patients’ outcomes (i.e., discharge 
or death), and the requirements for mechanical 
ventilation, dialysis or ICU admission. Moreover, 
severe illness was defined by mechanical ventilation 
requirement, ICU admission, or death. 

The diagnosis of AKI was made based on the 
Kidney Disease Improving Global Outcomes 
(KDIGO) guidelines. We recorded the first time 
of AKI diagnosis for each participant considering 
early AKI for patients with AKI at the time of 
admission and late AKI for those who develop AKI 
on the second day or later. The stages and causes 
of AKI (prerenal, renal, and post renal) were also 
recorded. Ultrasonography was used to detect 
postrenal AKI.22 The AKI outcome was assessed 
within the first seven days after the diagnosis of 
AKI for each patient. The kidney function recovery 

was defined by the return of serum creatinine to 
its baseline level or by improvement in urinary 
output. The AKI was considered transient AKI 
when the condition improved within 48 h, while in 
a persistent AKI, the improvement occurred within 
48 h to 7 days. Acute kidney damage (AKD) was 
defined when there was no recovery of kidney 
function after seven days.23 The study protocol 
was approved by the Ethics Committee of Shahid 
Beheshti University of Medical Sciences, Tehran, 
Iran (IR.SBMU.RETECH.REC.1399.116).

The study data were analyzed using the SPSS 
software (Version 25). Qualitative variables were 
expressed by frequency and percentage, and the 
quantitative variables were presented by mean 
and standard deviation. The Chi-square test 
and the independent-sample t-test were used to 
compare the two groups. A P value less than .05 
was considered statistically significant.

RESULTS
During the study, 367 patients with COVID-19 

were admitted to the hospital. A total of 104 (28%) 
patients were diagnosed with AKI. 86 patients 
(23%) in the first 24 h (early AKI) and 18 patients 
(5%) on the second day or later (late AKI). Patients 
with and without AKI were compared in terms of 
the demographic characteristics of patients and 
medical history (Table 1). The mean age of AKI 
was higher in patients with AKI (P < .001), and 
the majority of the patients were male (P < .05). 
In addition, the frequency of hypertension and 
cardiovascular diseases were significantly higher 
in patients with AKI (P < .05).

Table 2 presents the baseline vital signs and other 
clinical symptoms of the participants, showing no 
significant differences in the vital signs between 
the two study groups. (P > .05) The most prevalent 
symptoms among patients with AKI included 
shortness of breathing, cough, fever, fatigue, and 
chills. There was no significant difference between 
the two groups in the frequency of different 
symptoms except for cough and fatigue, which 
were significantly more prevalent among patients 
without AKI (P < .05).

Table 3 shows initial laboratory results, and 
Table 4 compares the severity of the disease 
and outcomes in participants of the two groups. 
Compared to the patients without AKI, the needs 
for hemodialysis and mechanical ventilation were 
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significantly higher in the patients with AKI 
(P < .001). There was no significant difference 
between the two groups in terms of ICU admission 
(P > .05) or the duration of hospital stay (P < .05). 

However, the number of deaths and the presence 
of severe illness (defined by the occurrence of 
death, the requirement of dialysis, intubation, 
mechanical ventilation or ICU admission) were 

Total
(n = 367)

No AKI
(n = 263)

AKI
(n = 104) P

Age, year 62 ± 18 57 ± 17 72 ± 15 < .001*
Gender

Male 212 (58%) 140 (53%) 72 (69%) < .05**
Female 155 (42%) 123 (47%) 32 (31%)

Medical History
Diabetes 91 (25%) 64 (24%) 27 (26%) > 0.05**
Hypertension 106 (29%) 65 (25%) 41 (39%) < .05**
Hypercholesterolemia 23 (6%) 15 (6%) 8	 (8%) > .05**
Hypertriglyceridemia 15 (4%) 11 (4%) 4 (4%) > .05**
Lung Disease 34 (9%) 20 (8%) 14 (13%) > .05**
Cardiovascular Disease 56 (15%) 31 (12%) 25 (24%) < .05**
Gastrointestinal Disease 5 (1%) 3 (1%) 2 (2%) > .05**
Liver Disease 5 (1%) 2 (1%) 3 (3%) > .05**
Cancer 30 (8%) 22 (8%) 8 (8%) > .05**
Cigarette Smoking 38 (10%) 25 (10%) 13 (13%) > .05**
Drug Abuse 22 (6%) 16 (6%) 6 (6%) > .05**

Table 1. Comparison of Demographic Characteristics and History of Diseases Between the Two Groups With and Without AKI

*Independent t test, **Chi-square test

Total
(n = 367)

No AKI
(n = 263)

AKI
(n = 104) P

Vital Signs
Number of Breaths per minute 19 ± 10 19 ± 10 18 ± 8 > .05
Temperature, Degrees Celsius 37.4 ± 0.8 37.3 ± 0.7 37.4 ± 0.8 > .05
Heart Rate per minute 88 ± 15 88 ± 13 89 ± 17 > .05
Systolic Blood Pressure, mmHg 118 ± 16 117 ± 13 117 ± 20 > .05
Diastolic Blood Pressure, mmHg 74 ± 9 74 ± 8 74 ± 9 > .05
Arterial Oxygen Saturation,% 90 ± 8 90 ± 7 87 ± 8 < .05

Symptoms
Dyspnea 266 (72%) 196 (75%) 70 (67%) > .05
Cough 243 (66%) 186 (71%) 57 (55%) < .05
Sputum 64 (17%) 46 (17%) 18 (17%) > .05
Fever 209 (57%) 149 (57%) 60 (58%) > .05
Shaking 106 (29%) 77 (29%) 29 (28%) > .05
Headache 25 (7%) 18 (7%) 7 (7%) > .05
Fatigue 143 (39%) 113 (43%) 30 (29%) < .05
Myalgia 56 (15%) 39 (15%) 17 (16%) > .05
Anosmia 8 (2%) 8 (3%) 0 (0%) > .05
Epigastric Pain 24 (7%) 14 (5%) 10 (10%) > .05
Diarrhea 51 (14%) 36 (14%) 15 (14%) > .05
Constipation 5 (1%) 2 (1%) 3 (3%) > .05
Nausea 78 (21%) 55 (21%) 23 (22%) > .05
Vomit 66 (18%) 46 (17%) 20 (19%) > .05
Melena 4 (1%) 1 (0%) 3 (3%) > .05
Hematemesis 2 (1%) 0 (0%) 2 (2%) > .05
Rectorragia 2 (1%) 0 (0%) 2 (2%) > .05

Table 2. Comparison of Vital Signs and Other Symptoms at Baseline Between the Two Groups With and Without AKI

*Independent t test, **Chi-square test
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significantly more prevalent among patients with 
AKI (P < .001). Moreover, half of the patients with 
AKI were severely ill and died subsequently. 

Regarding the AKI stages, 66 (64%), 20 (19%), 
and 18 (17%) patients were categorized as in stage 
1, stage 2, and stage 3, respectively. The cause of 
AKI in 52 (50%) and 45 (43%) patients was renal 
and pre-renal, respectively. The reasons for AKI 
development in 7 (7%) patients were unknown due 

to the death of patients on the first day of admission 
or the impossibility of assessment. Moreover, of 
all the AKI patients with renal causes, 56% (29 
patients) were in stages 2 and 3. The frequency 
of AKI with these stages was 13% (6 patients) in 
patients with pre-renal cause, and the difference 
was significant (P < .001). In terms of recovery 
status, 25 (24%) and 29 (28%) patients had transient 
(recovered in less than 48 h) and persistent AKI 

Total
(n=367)

No AKI
(n = 263)

AKI
(n = 104) P*

FBS, mg/dL 151 ± 79 151 ± 77 151 ± 86 > .05
ESR, mm/hour 46 ± 26 45 ± 26 48 ± 25 > .05
CRP, mg/L 59 ± 62 55 ± 63 70 ± 57 < .05
Urea, mg/dL 46 ± 35 33 ± 13 77 ± 50 < .001
Cr, mg/dL 1.4 ± 1 1.1 ± 0.4 2.2 ± 1.5 < .001
Na, mmol/L 137 ± 5 137 ± 4 137 ± 7 > .05
K, mmol/L 4.2 ± 0.6 4.1 ± 0.5 4.4 ± 0.7 < .001
Mg, mEq/L 2 ± 0.5 1.9 ± 0.5 2 ± 0.4 > .05
Ca, mg/dL 8.4 ± 1.1 8.5 ± 1.1 8.4 ± 1.2 > .05
P, mmol/L 3.4 ± 1.2 3.2 ± 0.9 3.9 ± 1.5 < .001
PT, sec 13 ± 6 12 ± 6 14 ± 5 < .05
PTT, sec 27 ± 8 25 ± 7 29 ± 10 < .05
INR 1.2 ± 0.3 1.1 ± 0.3 1.3 ± 0.3 < .001
Lactate, U/L 22 ± 14 19 ± 10 27 ± 20 < .05
LDH, U/L 610 ± 328 584 ± 277 671 ± 417 > .05
CK, U/L 281 ± 516 250 ± 481 360 ± 589 > .05
CK MB, ng/mL 40 ± 195 49 ± 230 20 ± 41 > .05
Hb, g/dL 12.6 ± 2.2 12.8 ± 2 12.1 ± 2.4 < .05
WBC, 109/L 8 ± 6 8 ± 5 10 ± 7 < .05
PMN, % 73 ± 12 71 ± 12 77 ± 12 < .001
LYM, % 20 ± 11 22 ± 12 15 ± 10 < .001
Platelets, 109/L 202 ± 96 206 ± 99 190 ± 88 > .05
AST, U/L 50 ± 51 45 ± 41 65 ± 70 < .05
ALT, U/L 40 ± 44 38 ± 40 45 ± 53 > .05
ALK, U/L 243 ± 608 201 ± 168 351 ± 1113 > .05
Bilirubin, µmol/L 1.3 ± 1.6 1.1 ± 1.5 1.5 ± 1.7 > .05
Albumin, g/L 3.7 ± 0.6 3.8 ± 0.7 3.6 ± 0.6 > .05
Uric Acid, mg/dL 7.7 ± 15 4.5 ± 1.7 12.1 ± 22.7 < .05

Table 3. Comparison of Laboratory Test Results Between Two Groups With and Without AKI

*Independent sample t test

Total
(n = 367)

No AKI
(n = 263)

AKI
(n = 104) P

Need dialysis during treatment 11 (3%) 0 (0%) 11 (11%) < .001*
Requires intubation and mechanical ventilation 47 (13%) 17 (7%) 30 (29%) < .001*
Admission in the ICU 25 (7%) 15 (6%) 10 (10%) > .05*
Death 74 (22%) 25 (10%) 49 (47%) < .001*
Existence of severe disease *** 91 (25%) 38 (14%) 53 (51%) < .001*
Duration of hospital stay, days 5 (3 to 8) 5 (3 to 8) 6 (3 to 10) > .05**

Table 4. Comparison of Treatment Characteristics, Hospital Stay, and Outcome Between the Two Groups With and Without AK

*Chi-square test, **Mann-Whitney U test
*** Existence of any of the following condition including need for dialysis, intubation and mechanical ventilation, admission in ICU, and death were 
considered as severe diseases.
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(improved within 48 h to 7 days). Moreover, 32 
(31%) patients did not recover within seven 7 days 
after the diagnosis of AKI and developed AKD. It 
was impossible to determine the recovery status 
of 18 (17%) patients who died.

There was no significant difference between the 
two groups of patients with early AKI (n = 38, 44%) 
and late AKI (n = 11, 61%) in terms of mortality 
(P > .05). However, the survival of the patients 
with stage 3 of the disease was significantly lower 
than those with stage 1 and 2 (P = .016). Figure 1 
presents the mortality rate of patients without 
AKI and in different stages of AKI. As indicated 
in Figure 2, patients with pre-renal causes of AKI 

had a lower mortality rate (11 patients, 24%) as 
compared with AKI patients with renal causes (34 
patients, 65%) and unknown causes (4 patients, 
57%)(P < .001).

DISCUSSION
In our study, the frequency of AKI in the 

hospitalized patients with COVID-19 was 28%, 
23% on admission and 5% during hospitalization. 
The mortality rates and the frequency of severe 
illness (leading to the need for dialysis, intubation, 
mechanical ventilation, ICU admission, and death) 
were significantly higher in patients with AKI. 
About two-thirds of AKI patients were in stage 

Figure 1. The Mortality Rate in Patients Without AKI and Different Stages of AKI

Figure 2. Mortality Rate Based on the Cause of AKI
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1, and the cause of AKI was renal in 50% of the 
patients. No patient was diagnosed with post-renal 
causes for AKI by ultrasound. Overall, about half 
of the patients recovered, and a third developed 
AKD. The mortality rate of AKI patients was 
higher in patients with advanced stages of AKI. 
Moreover, patients with renal or unknown reasons 
for the development of AKI had a higher mortality 
rate compared to others. However, there was no 
difference in the survival rate between the patients 
with early and late AKI.

In early studies, the reported prevalence of AKI 
in COVID-19 patients was 3-9%;4-6 however, more 
recent studies, especially those conducted in western 
countries, have reported a higher prevalence of 
this disorder.14,18, 24 

Renal impairment is a common complication in 
patients with COVID-19. However, meta-analyses 
conducted in this field have revealed different 
results. 

According to the study conducted by Fu et al., 
the mean incidence of AKI in 20 studies performed 
in the United States and Europe and 62 studies 
from China was reported to be 28.6% and 5.5%, 
respectively.15 In a study carried out on 73 patients 
in Bahrain, AKI was detected in 29 patients (39.7%), 
of whom seven 7 patients (9.6%) had received 
hemodialysis.25 We have already reported an 
incidence of 22.8% for AKI in 254 patients with 
COVID-19 (127 diabetic patients and 127 non-
diabetic patients). In a meta-analysis performed in 
Iran, the incidence of AKI was reported to be 24% 
(17-31%). Our study result seems similar to those 
reported in Iran and many western countries. The 
discrepancies observed in the incidence of AKI in 
patients with COVID-19 in different countries and 
regions can be attributed to differences in admission 
criteria (such as hospitalization or ICU admission), 
demographic characteristics, and comorbidities.11

The obtained results in the present study showed 
that AKI was associated with higher mortality in 
patients with COVID-19. Similarly, most other 
studies have reported that the occurrence of AKI 
in this group of patients can be associated with 
higher morbidity mortality.13, 17, 27, 28 Patients with 
COVID-19 are prone to the conditions leading to 
ICU admission, mechanical ventilation, kidney 
replacement therapy, and death. Overall, the 
mortality rate of COVID-19 patients with AKI 
compared with those without AKI was reported to 

be 52.4% vs. 26.3%.29-31 The reported risk of death 
in patients with AKI has been 4.6 times higher 
than those without AKI.15

The results of this study showed that both renal 
and pre-renal causes were associated with AKI 
in COVID-19 patients. However, patients with 
renal causes were more prone to develop higher 
stages of the disease and suffered from a higher 
mortality rate. Based on previous studies, various 
mechanisms leading to kidney damage in patients 
with COVID-19 included; dehydration, cytokine 
storm syndrome, direct viral invasion to tubular, 
interstitial, and glomerular cells via ACE2 receptor, 
changes in microvasculature structure, damage to 
tubules due to severe immunological reactions; 
and infiltration of inflammatory cells into the 
interstitial kidney tubules.8,32-35

In this study, nearly about two-thirds of AKI 
patients were in stage 1 of the disease, about half 
of patients recovered, and a third developed AKD. 
As with the incidence of AKI, the stage of AKI and 
its recovery rate have been reported differently.

In a study conducted by Rubin  et al . ,  the 
prevalence of AKI in 71 patients admitted to four 
ICUs in France was 11% on admission and 80% 
during hospitalization, with one-third of patients 
at each stage. In that study, transient and persistent 
AKI were detected in 7% and 93% of patients. Only 
28% of these patients recovered within the seven 
days after the admission.20 

In a study by Chan et al. in New York, of 3,235 
patients 35%, 20%, and 52% of patients were 
diagnosed with stage 1, 2, and 3 of AKI, respectively. 
Only 33% of these patients had recovered, 70% 
had AKD at the time of hospital discharge. In 
survivors of this study, 57% improved, and 43% 
were discharged with AKD. In another study 
conducted by Charytan et al. on 4,732 patients 
in New York, the incidence of AKI was reported 
to be 29.3%, with half of the patients in stage 1 
and more than a third in stage 3. The creatinine 
level returned to baseline at discharge in 77.1% 
of survived patients19. Based on another New 
York report, in the study performed by Ng et al. 
on 9,657 patients, 51.7% of patients with AKI in 
stages 1-3 survived, of whom 74.1% had improved 
renal function at discharge. However, only 16.9% 
of patients in stage 3D survived, of whom 66.7% 
had improved kidney condition36. According to 
Soheili et al., the prevalence of AKI has been 45.9% 
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in 946 patients with COVID-19, of whom 44.3%, 
0.7%, and 0.8% were in stage 1, stage 2, and stage 
3, respectively.37

This difference between the characteristics of 
patients with AKI and their rate of recovery is 
mainly due to the various studied populations. It 
can be said that in higher stages of the disease, the 
mortality rate of patients during hospitalization 
increases, while the rate of recovery at discharge 
decreases.

To the best of the authors’ knowledge, the 
present study is one of the few studies conducted 
on the characteristics and outcomes of AKI 
patients in Iran. Regarding the limitations of the 
present study, one can refer to the fact that it was 
conducted as a retrospective study in one medical 
center. Therefore, it was not possible to determine 
the exact cause of AKI (especially renal type). 
Moreover, in some cases, the report of laboratory 
tests, such as d-dimer, ferritin, and urine analysis 
was not possible due to the lack of data in a large 
number of patients. Therefore, it is necessary to 
conduct more comprehensive studies in this field. 
In summary, according to a high incidence of 
AKI patients with COVID-19 and regarding the 
fact that about one-third of patients with AKI 
eventually develop AKD, it is important that all 
COVID-19 patients, especially high-risk patients, 
be closely monitored for the appropriate diagnosis 
and treatment of AKI.

CONCLUSION
The findings of the present study indicated that 

about 28% of all the hospitalized patients with 
COVID-19 were diagnosed with AKI, and some 
underlying factors, such as old age, hypertension, 
and cardiovascular disease were more common 
among these patients. In addition, the need for 
dialysis, intubation, mechanical ventilation, and 
mortality were higher in them. About two-thirds 
of AKI patients were in stage 1 of AKI, and the 
cause of AKI was renal in half of the patients. 
Overall, about half of the patients recovered, and 
about a third developed AKD.

REFERENCES
1.	World Health Organization Director-General’s remarks at 

the media briefing on 2019-nCoV on 11 February 2020 
[Available from: https://www.who.int/dg/speeches/detail/
who-director-general-s-remarks-at-the-media-briefing-on-
2019-ncov-on-11-february-2020.

2.	World Health Organization Director-General’s opening 
remarks at the media briefing on COVID-19 - 24 February 
2020 [Available from: https://www.who.int/dg/speeches/
detail/who-director-general-s-opening-remarks-at-the-
media-briefing-on-covid-19---24-february-2020.

3.	Gagliardi I, Patella G, Michael A, Serra R, Provenzano 
M, Andreucci M. COVID-19 and the Kidney: From 
Epidemiology to Clinical Practice. J Clin Med. 2020;9(8). 
doi: https://doi.org/10.3390/jcm9082506 

4.	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(18):1708-20. doi: https://
doi.org/10.1056/NEJMoa2002032 

5.	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(5):829-38. 
doi: https://doi.org/10.1016/j.kint.2020.03.005 

6.	Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical 
Characteristics of 138 Hospitalized Patients With 2019 
Novel Coronavirus-Infected Pneumonia in Wuhan, China. 
Jama. 2020;323(11):1061-9. doi: https://doi.org/10.1001/
jama.2020.1585 

7.	Wang L, Li X, Chen H, Yan S, Li D, Li Y, et al. Coronavirus 
Disease 19 Infection Does Not Result in Acute Kidney 
Injury: An Analysis of 116 Hospitalized Patients from 
Wuhan, China. Am J Nephrol. 2020;51(5):343-8. doi: 
https://doi.org/10.1159/000507471 

8.	Na KR, Kim HR, Ham Y, Choi DE, Lee KW, Moon JY, et 
al. Acute Kidney Injury and Kidney Damage in COVID-19 
Patients. J Korean Med Sci. 2020;35(28):e257. doi: 
https://doi.org/10.3346/jkms.2020.35.e257 

9.	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. The Lancet. 2020;395(10223):497-506. 
doi: https://doi.org/10.1016/S0140-6736(20)30183-5 

10.	Goel N, Jain D, Haddad DB. COVID-19 and the Kidneys, 
Implications, and Outcomes. Iranian journal of kidney 
diseases. 2021;1(1):1-9

11.	Kolhe NV, Fluck RJ, Selby NM, Taal MW. Acute kidney 
injury associated with COVID-19: A retrospective cohort 
study. PLoS Med. 2020;17(10):e1003406. doi: https://doi.
org/10.1371/journal.pmed.1003406 

12.	Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. 
Epidemiological and clinical characteristics of 99 cases of 
2019 novel coronavirus pneumonia in Wuhan, China: a 
descriptive study. Lancet. 2020;395(10223):507-13. doi: 
https://doi.org/10.1016/s0140-6736(20)30211-7 

13.	Mohamed MMB, Lukitsch I, Torres-Ortiz AE, Walker JB, 
Varghese V, Hernandez-Arroyo CF, et al. Acute Kidney 
Injury Associated with Coronavirus Disease 2019 in Urban 
New Orleans. Kidney360. 2020;1(7):614. doi: https://doi.
org/10.34067/KID.0002652020 

14.	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. doi: https://doi.
org/10.1016/j.kint.2020.05.006 

15.	Fu EL, Janse RJ, de Jong Y, van der Endt VHW, Milders 
J, van der Willik EM, et al. Acute kidney injury and kidney 
replacement therapy in COVID-19: a systematic review 
and meta-analysis. Clin Kidney J. 2020;13(4):550-63. doi: 
https://doi.org/10.1093/ckj/sfaa160 



AKI outcome in COVID-19--Sabaghian et al

51Iranian Journal of Kidney Diseases | Volume 16 | Number 1 | January 2022

16.	Saghafi A, Aghaali M, Saghafi H. Acute kidney 
injury in hospitalized COVID-19 patients in Iran; a 
systematic review and meta-analysis. J Renal Inj Prev. 
2021;10(2):e09. doi: https://doi.org/10.34172/jrip.2021.09 

17.	Brienza N, Puntillo F, Romagnoli S, Tritapepe L. Acute 
Kidney Injury in Coronavirus Disease 2019 Infected 
Patients: A Meta-Analytic Study. Blood Purif. 2020:1-7. 
doi: https://doi.org/10.1159/000509274 

18.	Chan L, Chaudhary K, Saha A, Chauhan K, Vaid A, 
Baweja M, et al. Acute Kidney Injury in Hospitalized 
Patients with COVID-19. medRxiv 2020. doi: https://doi.or
g/10.1101/2020.05.04.20090944 

19.	Charytan DM, Parnia S, Khatri M, Petrilli CM, Jones S, 
Benstein J, et al. Decreasing Incidence of AKI in Patients 
with COVID-19 critical illness in New York City. Kidney Int 
Rep. 2021. doi: https://doi.org/10.1016/j.ekir.2021.01.036 

20.	Rubin S, Orieux A, Prevel R, Garric A, Bats ML, Dabernat 
S, et al. Characterization of acute kidney injury in critically 
ill patients with severe coronavirus disease 2019. Clin 
Kidney J. 2020;13(3):354-61. doi: https://doi.org/10.1093/
ckj/sfaa099 

21.	Sang L, Chen S, Zheng X, Guan W, Zhang Z, Liang W, 
et al. The incidence, risk factors, and prognosis of acute 
kidney injury in severe and critically ill patients with 
COVID-19 in mainland China: a retrospective study. BMC 
Pulm Med. 2020;20(1):290. doi: https://doi.org/10.1186/
s12890-020-01305-5 

22.	KDIGO AKI Work Group. Section 2: AKI Definition. Kidney 
International Supplements. 2012;2(1):19-36. doi: https://
doi.org/https://doi.org/10.1038/kisup.2011.32 

23.	Duff S, Murray PT. Defining Early Recovery of Acute 
Kidney Injury. Clin J Am Soc Nephrol. 2020;15(9):1358-60. 
doi: https://doi.org/10.2215/cjn.13381019 

24.	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 pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study. Lancet Respir Med. 
2020;8(5):475-81. doi: https://doi.org/10.1016/s2213-
2600(20)30079-5 

25.	Taher A, Alalwan AA, Naser N, Alsegai O, Alaradi A. Acute 
Kidney Injury in COVID-19 Pneumonia: A Single-Center 
Experience in Bahrain. Cureus. 2020;12(8):e9693. doi: 
https://doi.org/10.7759/cureus.9693 

26.	Khalili S, Sabaghian T, Sedaghat M, Soroureddin Z, 
Askari E, Khalili N. Prevalence, Risk Factors and 
Outcomes Associated with Acute Kidney Injury in Patients 
Hospitalized for COVID-19: A Comparative Study 
between Diabetic and Nondiabetic Patients. Journal of 
Diabetes Research. 2021;2021:6666086. doi: https://doi.
org/10.1155/2021/6666086 

27.	Rudnick MR, Hilburg R. Acute Kidney Injury in COVID-19: 
Another Challenge for Nephrology. Am J Nephrol. 
2020;51(10):761-3. doi: https://doi.org/10.1159/000511161 

28.	Zahid U, Ramachandran P, Spitalewitz S, Alasadi L, 
Chakraborti A, Azhar M, et al. Acute Kidney Injury in 
COVID-19 Patients: An Inner City Hospital Experience 
and Policy Implications. Am J Nephrol. 2020;51(10):786-
96. doi: https://doi.org/10.1159/000511160 

29.	Lee JR, Silberzweig J, Akchurin O, Choi ME, Srivatana 
V, Lin J, et al. Characteristics of Acute Kidney Injury in 
Hospitalized COVID-19 Patients in an Urban Academic 
Medical Center. Clin J Am Soc Nephrol. 2020. doi: https://
doi.org/10.2215/cjn.07440520 

30.	Gupta S, Coca SG, Chan L, Melamed ML, Brenner SK, 
Hayek SS, et al. AKI Treated with Renal Replacement 
Therapy in Critically Ill Patients with COVID-19. J 
Am Soc Nephrol. 2020. doi: https://doi.org/10.1681/
asn.2020060897 

31.	Hamilton P, Hanumapura P, Castelino L, Henney R, 
Parker K, Kumar M, et al. Characteristics and outcomes 
of hospitalized patients with acute kidney injury and 
COVID-19. PLoS One. 2020;15(11):e0241544. doi: https://
doi.org/10.1371/journal.pone.0241544 

32.	Valizadeh R, Baradaran A, Mirzazadeh A, Bhaskar 
LV. Coronavirus-nephropathy; renal involvement in 
COVID-19. J Renal Inj Prev. 2020;9(2):e18-e. doi: https://
doi.org/10.34172/jrip.2020.18 

33.	Ahmadian E, Hosseiniyan Khatibi SM, Razi Soofiyani 
S, Abediazar S, Shoja MM, Ardalan M, et al. Covid-19 
and kidney injury: Pathophysiology and molecular 
mechanisms. Rev Med Virol. 2020:e2176. doi: https://doi.
org/10.1002/rmv.2176 

34.	Keivani Boroujeni E, Kellner SJ, Pezeshgi A. Covid-19, 
and kidney; a mini-review on current concepts and new 
data. J Nephropharmacol. 2021;10(1):e01-e. doi: https://
doi.org/10.34172/npj.2021.01 

35.	Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha 
V. The Novel Coronavirus 2019 epidemic and kidneys. 
Kidney Int. 2020;97(5):824-8. doi: https://doi.org/10.1016/j.
kint.2020.03.001 

36.	Ng JH, Hirsch JS, Hazzan A, Wanchoo R, Shah 
HH, Malieckal DA, et al. Outcomes Among Patients 
Hospitalized With COVID-19 and Acute Kidney Injury. 
Am J Kidney Dis. 2021;77(2):204-15.e1. doi: https://doi.
org/10.1053/j.ajkd.2020.09.002 

37.	Soheili A, Khani S, Montazeri S, Shayegh A, Haji 
Miragha M, Jameie MS, et al. COVID-19, and acute 
kidney injury presentation; stages and prognosis. J Prev 
Epidemiol. 2021;6(1):e15-e. DOI: https://doi.org/10.34172/
jpe.2021.15

Correspondence to:
Shayesteh Khalili, MD
Assistant Professor of Endocrinology, Department of Internal 
Medicine, School of Medicine, Imam Hossein Hospital, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran
Address: Imam Hosein Hospital, Madani St., Tehran, Postal 
Code: 1617763141, Iran
Cellphone: 0098 903 624 0259
E-mail: shayesteh.khalili@mail.com

Received August 2021
Revised October 2021
Accepted November 2021


