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Abstract

Aim The rates of development of acute kidney injury (AKI) in COVID-19 have been variably reported from across the world.
Prevalence and outcomes of AKI in hospitalised COVID-19 patients in India has not been studied well.

Methods This was a retrospective observational study amongst adult hospitalised COVID-19 patients admitted at a tertiary
care centre between May 1 and October 31, 2020. We estimated the prevalence of AKI and outcomes including mortality
and acute kidney disease (AKD) at the time of discharge. Regression analysis was done to study the factors associated with
mortality and AKD.

Results Out of 2650 hospitalised patients with COVID-19, 190 (7.2%) patients developed AKI. Mean age of patients with
AKI was 62.6 years, 81.6% were male. Comorbidities included diabetes mellitus in 72.1%, hypertension in 66.8%, heart
disease in 30% and chronic kidney disease (CKD) in 22.6%. Most patients had stage 1 AKI (71.1%). Overall mortality in
patients with AKI was 22.1%, 75% in those requiring dialysis and 74.5% in those requiring ICU. Amongst survivors with-
out pre-existing CKD, 40.9% patients had acute kidney disease at the time of discharge. Higher age, stage 3 AKI and need
for mechanical ventilation were associated with higher mortality. On multivariable regression, factors associated with AKD
at discharge included pre-existing heart disease and severe albuminuria during hospitalisation.

Conclusion In our study population, we found a low prevalence of AKI. Mortality was high in AKI patients requiring ICU

care and dialysis. Amongst survivors, a significant percentage had AKD at the time of discharge.
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Introduction

The SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2), notorious to cause respiratory failure, not
only affects the respiratory system but has myriad other
manifestations in various body systems. It is now known
to cause haematological, gastrointestinal, renal, dermato-
logic, neurologic, and psychiatric complications, making it
a multisystem disease [1]. Amongst renal manifestations,
acute kidney injury (AKI) is a well-established complica-
tion of COVID-19 infection. There are various pathophysi-
ological mechanisms by which AKI develops in COVID-19.
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Although acute tubular injury is the most common cause
of AKI in COVID-19, other mechanisms described include
direct viral invasion, rhabdomyolysis, thrombotic micro-
angiopathy, interstitial nephritis, oxalate nephropathy and
glomerulopathies including collapsing glomerulopathy and
crescentic glomerulonephritis [2].

The prevalence of AKI in patients with COVID-19 has
been variably reported between 0.5 and 75% from various
countries and centres [3]. AKI has also been seen to be an
independent factor associated with mortality in patients with
COVID-19 [1].

India now has one of the highest number of reported cases
of COVID-19, second only to the United States of America
[4]. Despite this, data from India regarding prevalence and
outcomes of AKI in COVID-19 are sparse [5-8]. We aimed
to study the prevalence of AKI in hospitalised patients with
COVID-19 and their outcomes at a tertiary care centre in
India.
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Methods
Study design

This was a retrospective observational study done in a ter-
tiary care health centre in India. Data were obtained using
the electronic health record system. The study was approved
by the Institutional Ethics Committee before the commence-
ment of the study. Informed consent was not obtained at
individual level, given the retrospective nature of the analy-
sis of electronic medical record.

Study population

All adult patients with positive results by polymerase chain
reaction (PCR) testing of a nasopharyngeal sample for
SARS-CoV-2 who were hospitalised from May 1, 2020 to
Oct 31, 2020 were screened for renal function abnormalities
in the form of increased serum creatinine (Scr), electrolyte
abnormalities and urinary abnormalities. Patients testing
positive for COVID-19 with age < 18 years were excluded
from the study. For calculation of prevalence of AKI, we
used this study population and excluded patients with stage 5
CKD (chronic kidney disease) on dialysis. Patients fulfilling
AKI KDIGO criteria amongst this population were included
for mortality and outcome analysis.

Outcomes

The primary outcome was in-hospital mortality in patients
with AKI. Secondary outcomes were recovery from AKI and
acute kidney disease at the time of discharge.

Definitions and measurements

AKI was defined according to KDIGO (Kidney Disease:
Improving Global Outcomes) criteria as follows: stage 1, as
an increase in Scr level by 0.3 mg/dL within 48 h or 1.5-1.9
times increase in Scr level from baseline within 7 days;
stage 2, as 2-2.9 times increase in Scr level within 7 days;
and stage 3, as 3 or more times increase in Scr level within
7 days or initiation of dialysis [9]. Urine output documenta-
tion in electronic health record was unreliable. Hence, urine
output criteria was not used to define AKI. Patients were
stratified according to the most severe AKI stage attained
during their hospital stay. Comorbidities including diabetes
mellitus, hypertension and CKD were defined as per history
documentation by the admitting physician. For patients with-
out prior history of CKD, estimated baseline creatinine was
calculated using the Modification of Diet in Renal Disease
(MDRD) study equation assuming that baseline eGFR is

75 mL/min per 1.73 m? [9]. In patients without prior his-
tory of CKD, recovery of kidney function at discharge was
defined as recovered if serum creatinine was within limits
of estimated baseline creatinine and acute kidney disease
(AKD) if discharge creatinine was above estimated baseline
creatinine.

Proteinuria was defined as 14 or more on dipstick urine
analysis. Severe albuminuria was defined as patients having
3+ or 4+ albuminuria on dipstick. Hematuria was defined
as > 5RBCs/hpf on routine urine analysis. Urinary tract
infection (UTI) was defined by presence of positive urine
culture along with signs and symptoms consistent with
cystitis/pyelonephritis.

Severity of COVID was defined as mild for patients
without evidence of breathlessness or hypoxia (normal sat-
uration with SpO, >94% on room air). Moderate COVID
was defined for patients with dyspnoea and/or hypoxia
with SpO, between 90 and 94% on room air or respira-
tory rate (RR) >24/min. Severe COVID was defined for
patients with clinical signs of pneumonia plus one of the
following: RR > 30 breaths/min, severe respiratory distress,
SpO, <90% on room air [10].

Statistical analysis

Descriptive statistics included mean for continuous meas-
ures with normal distribution, median and interquartile range
(IQR) for continuous measures with skewed distribution and
proportions for categorical measures. We compared patient
characteristics between AKI patients who survived versus
those who died using Chi-square test or Fishers exact tests
for categorical variables and Wilcoxon—-Mann—Whitney U
test for continuous variables.

To evaluate risk factors for mortality amongst patients
with AKI and to evaluate predictors of renal recovery at dis-
charge, we used univariable and multivariable regressions.

For survival analysis, we generated Kaplan—Meier sur-
vival curves for patients with AKI stages 1-3 using in-hos-
pital mortality as the outcome and used Log rank test to
compare the curves. Survivors were censored at the time
of discharge.

All statistical tests were 2-sided, and p <0.05 was con-
sidered statistically significant. SPSS version 23 was used
for statistical analysis.

Results

A total of 2657 adult patients who tested positive for
COVID-19 were admitted between May 1, 2020 and Octo-
ber 31, 2020. After applying relevant exclusion criteria,
2650 patients were selected for calculating prevalence of
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Fig. 1 Consort diagram show-
ing patient selection from study
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AKI (Fig. 1). Amongst these 2650 patients, 4.4% (n=117)
required ICU admission.

The prevalence of AKI amongst hospitalised adult
patients with COVID-19 was 7.2% (n=190). Demographic
and clinical characteristics of patients who developed AKI
is presented in Table 1. Mean age was 62.6 years, 81.6%
were male. Comorbidities included diabetes mellitus in
72.1%, hypertension in 66.8%, heart disease (including
CAD, valvular heart disease, heart failure) in 30% and
CKD in 22.6%. Severity of COVID-19 included mild dis-
ease in 36.8%, moderate in 33.1% and severe in 30%.

The prevalence of urinary abnormalities in the patient
population (n=2650) included proteinuria in 36.7%,
microscopic hematuria 1.8%, urinary tract infection in
2%. Hyponatremia was present in 19% and hypokalemia
in 4.4%.

AKI timing and severity

Out of the 190 patients with AKI, 72.6% (N =138) patients
had AKI at the time of presentation to the hospital. The
mean time of admission to AKI (in days) was 0.58 +1.33
(range was 0—12 days). Patients were classified as per
highest stage of AKI during hospital stay. 135 (71.1%)
participants had AKI Stage 1, 29 (15.3%) had AKI Stage
2 and 26 (13.7%) had AKI Stage 3.

Amongst those with AKI, 28.9% (n=55) required ICU
care and 4.2% (n=8) of the participants needed renal
replacement therapy. Mode of renal replacement therapy
was sustained low-efficiency dialysis (SLED) in n =7 and
intermittent hemodialysis inn=1.
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Mortality in patients with AKI

Out of the 190 patients with AKI, 148 (77.9%) were dis-
charged and 42 (22.1%) patients expired. Amongst 55
(28.9%) patients in ICU with AKI, mortality was seen in
41 (74.5%) patients, which accounted for 97.6% of mor-
tality in patients with AKI. Amongst those requiring renal
replacement therapy, 75% (n=6) suffered mortality. Figure 2
demonstrates the Kaplan—Meier survival curves for patients
with AKI stages 1, 2 and 3. The clinical characteristics of
those who expired versus those who were discharged were
compared (Table 1) and logistic regression was used for
assessing risk factors for death in those with AKI (Table 2).

On logistic regression (univariable), factors associ-
ated with mortality included: higher age (70 years vs
60.6 years), dyspnoea at presentation, pre-existing cardio-
vascular diseases, hypoxemia at presentation, stage 3 AKI,
D-dimer > 0.5 pg/L, presence of secondary bacterial/fungal
infection, need for inotropes, need for mechanical ventila-
tion and need for renal replacement therapy (RRT). AKI at
presentation had a lower odds ratio (OR=0.26. p <0.001)
for developing mortality than AKI developing in-hospital.
On multivariable logistic regression (using demographics,
comorbidities and severity of illness markers), factors asso-
ciated with mortality in patients with AKI included higher
age (60.6 years versus 70 years, OR=1.07, p=0.015),
development of stage 3 AKI (OR=13.82, p=0.012) and
need for mechanical ventilation (odds ratio 52.06, p <0.001).

Outcome of AKl in survivors

Amongst the 190 patients who developed AKI, 148
(77.8%) were discharged. Of these, 33 had pre-existing
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Table 1 Demographic and clinical characteristics of patients who developed AKI
Parameters All AKI Mortality p value
Present (n=42) Absent (n=148)
Age in years (mean) 62.63+13.83 70.05+13.13 60.53+13.33 <0.0017
Gender
Male 155 (81.6%) 35(83.3%) 120 (81.1%) 0.740*
Clinical features at presentation
Fever 161 (84.7%) 33 (78.6%) 128 (86.5%) 0.208*
Cough 103 (54.2%) 23 (54.8%) 80 (54.1%) 0.935*
Dyspnoea 100 (52.6%) 31 (73.8%) 69 (46.6%) 0.002*
Sore throat 40 (21.1%) 3(7.1%) 37 (25.0%) 0.012*
GI symptoms 28 (14.7%) 6 (14.3%) 22 (14.9%) 0.926*
Headache 4 (2.1%) 0 (0.0%) 4 (2.7%) 0.577¢
Myalgia 31 (16.3%) 7 (16.7%) 24 (16.2%) 0.944*
Loss of taste/smell 13 (6.8%) 4(9.5%) 9 (6.1%) 0.4893
Oliguria 6 (3.2%) 6 (14.3%) 0 (0.0%) <0.001*
Hypotension 18 (9.5%) 14 (33.3%) 4 (2.7%) <0.001*
Hypoxemia 116 (61.1%) 41 (97.6%) 75 (50.7%) <0.001*
Comorbidities
DM 137 (72.1%) 35 (83.3%) 102 (68.9%) 0.066"
HTN 127 (66.8%) 31 (73.8%) 96 (64.9%) 0.277*
Heart disease 57 (30.0%) 19 (45.2%) 38 (25.7%) 0.015%
Prior CVA 10 (5.3%) 3(7.1%) 7 (4.7%) 0.463%
CKD 43 (22.6%) 10 (23.8%) 33 (22.3%) 0.875*
Haemoglobin (g/dL) 12.00 (10.62-13.20) 11.1 (8.77-12.95) 12 (11-13.3) 0.005"
TLC (/cu.mm) 6950.00 (4700.00-10,675.00) 10,550 (6525-19,650) 6400 (4600-9625) <0.0017
ESR (mm/h) 34.50 (21.00-63.25) 80 (56-90) 30 (20-50) <0.0017
Total bilirubin (mg/dL) 0.60 (0.40-0.80) 0.75 (0.5-1.1) 0.53(0.4-0.8) 0.0017
SGOT (U/L) 34.50 (25.25-52.00) 50.5 (31-119) 33 (24-44.25) <0.0017
SGPT (U/L) 24.50 (17.00-44.00) 40.5 (20-84.25) 23 (16-37.75) <0.0017
S. albumin (g/dL) 3.50 (3.10-3.80) 3.15(2.6-3.48) 3.6(3.3-3.9) <0.0017
PT 12.20 (11.72-13.28) 13.3 (12.1-14.5) 12.2 (11.7-12.5) <0.0017
S. uric acid (mg/dL) 5.00 (4.40-7.30) 7.65 (4.5-9.38) 4.7 (4.3-6.6) <0.0017
S. sodium (mEq/L) 133.00 (130.00-136.00) 132.5(129.25-138.25) 133 (130-136) 0.715
S. potassium (mEq/L) 4.40 (3.90-5.10) 5.1(4-5.4) 4.40 (3.88-4.9) 0.006
S. HCO; (mEq/L) 20.00 (17.00-23.00) 16 (12-19) 21 (18-24) <0.0017
S. calcium (mg/dL) 8.70 (8.40-8.80) 8.5 (8.2-8.8) 8.7 (8.4-8.8) 0.132°
S. phosphate (mg/dL) 3.30 (2.40-3.80) 3.4 (3.124.5) 3.2(2.3-2.6) 0.012°
CRP (mg/L) 8.00 (3.00-14.00) 17 (11-30) 5(2.3-11.83) <0.0017
Ferritin (ng/mL) 302.50 (167.50-564.50) 466 (315.75-872.75) 265 (145-519.75) <0.0017
LDH (U/L) 325.00 (236.25-462.75) 482.5 (387-714.25) 296.5 (233-429.5) <0.0017
D-Dimer (ug/mL) 0.92 (0.54-2.30) 2.4(1.33-6.3) 0.8 (0.5-1.85) <0.0017
S. creatinine (mg/dL) at admission 1.50 (1.10-1.87) 1.3 (0.9-1.78) 1.5(1.2-1.9) 0.079°
S. creatinine (mg/dL) peak value 1.60 (1.20-2.10) 1.55(1.2-3.5) 1.6 (1.2-1.92) 0.171°
S. creatinine (mg/dL)at discharge/death 1.20 (0.80-1.50) 1.4 (1.02-2.6) 1.1(0.8-1.4) 0.0017
Severe albuminuria 53(38.7%) 9 (22.5%) 46(30.6%) 0.392
Microscopic hematuria 16 (8.4%) 9 (21.4%) 7 (4.7%) 0.002}
Pyuria 98 (51.6%) 24 (57.1%) 74 (50.0%) 0.414*
Urine culture positive/UTI 44 (23.2%) 14 (33.3%) 30 (20.3%) 0.077*
AKI stage <0.001
Stage 1 135 (71.1%) 20 (47.6%) 115 (77.7%)
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Table 1 (continued)

Parameters All AKI Mortality p value
Present (n=42) Absent (n=148)
Stage 2 29 (15.3%) 5(11.9%) 24 (16.2%)
Stage 3 26 (13.7%) 17 (40.5%) 9 (6.1%)
AKI at presentation 138 (72.6%) 22 (52.4%) 116 (78.4%)
Time of admission to AKI (days) 0.00 (0.00-1.00) 0(0-2) 0 (0-0) <0.001
Sepsis/secondary bacterial or fungal infection 37 (19.5%) 26 (61.9%) 11 (7.4%) <0.001%
Severity of COVID <0.001*
Mild 70 (36.8%) 0 (0.0%) 70 (47.3%)
Moderate 63 (33.1%) 1(2.4%) 62 (39.9%)
Severe 57 30%) 41 (97.6%) 16 (12.8%)
Medications received in hospital
Glucocorticoids 157 (82.6%) 41 (97.6%) 116 (78.4%) 0.004*
Remdesivir 38 (20.0%) 9 (21.4%) 29 (19.6%) 0.793%
Antibiotics 68 (35.8%) 30 (71.4%) 38 (25.7%) <0.001%
Antifungal 12 (6.3%) 7 (16.7%) 5(3.4%) 0.005%
Anticoagulants 163 (85.8%) 42 (100.0%) 121 (81.8%) 0.003*
Supportive therapy: inotropes 33 (17.4%) 29 (69.0%) 4 (2.7%) <0.001%
Supportive therapy: mechanical ventilation 43 (22.6%) 36 (85.7%) 7 (4.7%) <0.001%
Supportive therapy: RRT 8(4.2%) 6(9.5%) 2(1.3%) <0.001%
Duration of hospital stay (days) 9.00 (6.00-14.00) 12 (7-17.75) 9 (5-12) 0.0137

Values mentioned are in percentages or median (with interquartile range) unless specified otherwise. Tests used: "Wilcoxon-Mann—Whitney U

test, J;Chi-squared test, SFisher’s exact test

AKI acute kidney injury; DM diabetes mellitus; HTN: hypertension; CKD: chronic kidney disease; CVA cerebrovascular accident; RRT renal
replacement therapy; TLC total leucocyte count; ESR erythrocyte sediment rate; SGOT serum glutamic-oxaloacetic transaminase; SGPT serum

glutamic-pyruvic transaminase; PT prothrombin time; HCO; bicarbonate; CRP C-reactive protein; LDH lactate dehydrogenase
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Mean 95% ClI for Median 95% Cl For
AKI Stage Total N Events Censored Survival Mean Survival Median P Value
Stage 1 135.0 19.0 116.0 24.7 20.64 - 28.76 26.0 20 -NA
Log Rank
Stage 2 29.0 5.0 24.0 24.0 20.14-27.94 27.0 20 -NA Test:p =
<0.001
Stage 3 26.0 16.0 10.0 15.5 11.76 - 19.24 14.0 12-NA

Fig.2 Kaplan—Meier survival curves for patients with AKI stage 1,2 and 3
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Table 2 Factors associated with
mortality in patients with AKI

Clinical characteristic

OR (univariable)

OR (multivariable)

(univariable and multivariable

Age (years)
regressions)

Dyspnoea at presentation
Diabetes mellitus

Heart disease

Hypoxemia at presentation
Stage 3 AKI

AKI at presentation

D-Dimer > 0.5 pg/mL

Absence of secondary infection
Need for inotropes

Mechanical ventilation

Need for renal replacement therapy

1.06 (1.03-1.09, p <0.001)
2.83 (1.35-6.33, p=0.008)
2.51 (1.05-7.01, p=0.054)
2.13 (1.02-4.40, p=0.043)

1.07 (1.02-1.14, p=0.015)
1.36 (0.26-7.98, p=0.716)
2.76 (0.53-15.96, p=0.235)
0.87 (0.17-4.16, p=0.860)

36.03 (7.50-647.65, p<0.001)
9.74 (4.01-24.84, p<0.001)
0.26 (0.12-0.54, p<0.001)
7.93 (2.29-50.06, p=0.006)
0.07 (0.03-0.15, p<0.001)

48.00 (17.79-149.73, p<0.001)

86.17 (30.77-283.50, p <0.001)

13.45 (2.95-94.68, p=0.002)

17.05(0.85-1044, p=0.118)
13.82(2.07-133, p=0.012)
1.28 (0.31-5.89, p=0.739)
1.45(0.13-26.09, p=0.778)
0.86 (0.15-5.70, p=0.870)
2.54 (0.36-15.60, p=0.318)
52.06(7.79-554, p<0.001)
0.11 (0.00-3.65, p=0.179)
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Fig.3 Outcomes of different stages of AKI (excluding CKD)

CKD, 2 of whom were discharged on dialysis. Baseline
creatinine was not available for all CKD patients; hence,
they were excluded from analysis of recovery of kidney
function.

The remaining 115 patients were classified on the basis
of outcome of AKI at the time of discharge from hospital-
recovered or acute kidney disease. Baseline creatinine
was assigned by imputation on basis of eGFR 75 mL/
min/1.73 m? as per KDIGO AKI guidelines 2012. We
found that 68 (59.1%) patients recovered completely from
AKI and 47 (40.9%) had AKD at the time of discharge.
Figure 3 illustrates the outcomes of patients in various
AKI stages (excluding patients with CKD).

Logistic regression identified the following as predic-
tive factors for AKD at the time of discharge (Table 3):
older age (63.4 versus 56.7 years), pre-existing hyperten-
sion, pre-existing heart disease, severe albuminuria during
hospitalisation (defined as urine dipstick proteinuria>3+).
On multivariable regression (using demographics, comor-
bidities and severity of illness markers), only pre-existing
hypertension and severe albuminuria during hospitalisa-
tion were associated with AKD at the time of discharge.
AKI at presentation was associated with a lower odds ratio
(OR=0.25, p=0.023) for AKD at discharge, implying that
in-hospital AKI was associated with higher chances of AKD
at discharge.

Discussion

The prevalence of AKI in COVID-19 has been variably
reported from centres across the world. Early studies from
China estimated the prevalence of AKI to be between 0.5
and 7% [11-15]. A much higher prevalence varying between
28 and 45% was seen in large-scale studies from other parts
of the world [16—-18]. In our study, amongst patients hos-
pitalised with COVID-19, we found a 7.2% prevalence of
AKI. Between May and September 2020, our centre admit-
ted COVID-19 patients with varying severity of illness. Our
study population consisted of patients with mild, moderate
and severe COVID-19. The lower percentage of AKI in our

Table 3 Factors associated with
AKD at the time of discharge

Clinical characteristic

OR (univariable) OR (multivariable)

(univariable and multivariable

! Age in years
regression analyses)

Hypertension
Heart disease
AKI at presentation

Severe albuminuria

1.04 (1.01-1.07, p=0.013) 1.02 (0.99-1.07, p=0.215)

3.59 (1.58-8.70, p=0.003)
4.86 (1.88-13.76, p=0.002)
0.37 (0.14-0.92, p=0.036)
3.87 (1.62-9.72, p=0.003)

2.87 (1.04-8.52, p=0.047)
5.87 (1.66-23.54, p=0.008)
0.25 (0.07-0.80, p=0.023)
5.47 (1.91-16.99, p=0.002)
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study compared to recent studies from western literature
could be attributable to this heterogeneity in patient popu-
lation. Amongst other studies evaluating AKI prevalence
in hospitalised patients with COVID-19 [16-18], 25.6-30%
of patients needed ICU care as compared to only 4.4% from
our study. Our rate of AKI does corroborate with another
recent study from India [8] which found an incidence of
7% in hospitalised patients with AKI, although percentage
requiring ICU care was not specified in this study. The low
overall severity of COVID in our patients could also explain
the lower percentage of stage 3 (13.7%) AKI in our study
compared to previous studies which had between 31.1-66%
of stage 3 AKI patients [8, 16—18].

With regard to timing of AKI, we found that 72.6% of
our patients had AKI at the time of admission. In a study by
Hirsch et al., there was a higher probability of having AKI
at time of admission or within 24 h of admission. They also
found an increased probability of AKI diagnosis at the time
of initiation of mechanical ventilation and hence proposed
that ischaemic acute tubular injury may have been the aeti-
ology of AKI in their patients. Indeed, acute tubular injury
has been proposed as the most common cause of AKI in
COVID-19 [2]. Although we did find a very high percentage
of patients having AKI at admission, the aetiology of AKI
in our patients could not be ascertained keeping in mind the
retrospective and observational nature of our study.

Acute kidney injury has been seen to be associated with
a higher mortality amongst patients of COVID-19 [17, 19].
Worse survival outcomes have been seen in patients with
higher stages of AKI [17, 19]. In our study, amongst patients
who developed AKI, 29.5% required ICU care and 22.6%
required mechanical ventilation. Mortality in patients who
developed AKI was 22.1% overall and 74.5% in those who
required ICU. We found that amongst patients who devel-
oped AKI, a higher age, stage 3 AKI and need for mechani-
cal ventilation was associated with mortality. A higher stage
of AKI has been earlier seen to be associated with higher
mortality in previous studies which describe an increasing
risk for mortality with increasing stage of AKI [18, 20]. The
overall lower mortality rate in AKI in our patients compared
to other studies [16, 18] which quote a mortality between 35
and 50% could again be due to lower percentage of patients
requiring ICU care and more patients having a lower stage
of AKI as compared to that in other studies. Mortality in
patients requiring RRT (75%) was similar to that found in
other studies [17, 18].

Acute kidney injury if persistent may evolve into acute
kidney disease and chronic kidney disease, the three enti-
ties now being considered as a continuum [20]. Recovery
of renal function after AKI has often been neglected as an
endpoint in studies [21] and various definitions have been
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proposed for recovery from AKI [22, 23]. Amongst patients
not known to have prior kidney disease, we estimated the
percentage who had recovery of acute kidney injury versus
those who did not at the time of discharge. We considered
recovery from AKI as a return to baseline expected serum
creatinine at an eGFR 75 mL/min/1.73 m%. Those who did
not recover kidney function completely were considered
to have acute kidney disease (AKD). We found that 59.1%
patients had recovery of AKI leaving 40.9% of patients with
acute kidney disease at the time of discharge. In a study by
Chan et al., a similar percentage of patients (35%) were seen
to have AKD at discharge [17]. Risk factors for acute kid-
ney disease at the time of discharge identified in our study
included pre-existing heart disease and severe albuminuria
during admission. The presence of acute kidney disease in a
large percentage of discharged patients emphasises the need
for post-COVID care clinics with close follow-up of such
patients focussing not only on pulmonary but also kidney
rehabilitation. It is to be noted that we did not have baseline
pre-admission creatinine values for our patients, and hence,
this could be an overestimation of the percentage having
acute kidney disease at the time of discharge.

We also found that patients who had AKI at presenta-
tion to the hospital had a higher chance of recovery of
renal function at the time of discharge than those who
developed in-hospital AKI. This may be either due to a
lead time effect leading to better renal function at time of
discharge or maybe due to a more severe kidney injury in
those with in-hospital AKI.

Our study has certain strengths. First, we had a large
sample size of patients. Second, we had outcome data for
100% of the patients at the time of analysis. Limitations
of our study include its observational and retrospective
nature. Another limitation of our study is the lack of fol-
low-up of renal function status post-discharge.

In conclusion, we found a low prevalence of AKI in
COVID-19 in our study population. Risk factors associ-
ated with mortality in those with AKI included higher age,
stage 3 AKI and need for mechanical ventilation. Amongst
survivors, a significant percentage had acute kidney dis-
ease at the time of discharge. This study emphasises the
need for close follow-up of patients who develop AKI dur-
ing hospitalisation with COVID-19.
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