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Background: Published studies have reported that acute kidney injury (AKI) and other kidney related
manifestations are associated with COVID-19 and linked with poor outcome. This study aimed to
determine the incidence, risk factors and outcomes of AKI in hospitalized COVID-19 patients. Methods:
This retrospective study of 154 patients involved retrieving data from hospital records confirm COVID-19
infection admitted to the Northwest General Hospital & Research Center, Peshawar from 1% April to 31st
July 2020. AKI was defined using kidney disease. Improving Global Outcomes (KDIGO)” guidelines.
Results: Incidence of AKI was 37.01%. Age, gender, intensive care (ICU) requirement, number of co-
morbid, diabetes mellitus, coronary artery disease, chronic kidney disease, chronic obstructive airway
disease (COAD), arrhythmias among comorbid and fever and shortness of breath among symptoms were
found to be significantly differed between AKI and non-AKI patients. Numerous differences of laboratory
results such as serum sodium, potassium, total leukocyte count, absolute lymphocyte count and platelets
between both groups were observed (p<0.05). Inflammatory markers including lactate dehydrogenase
(LDH), ferritin, d-dimer and C-reactive protein (CRP) were significantly raised in AKI group. Overall
mortality was observed to be 38 (24.7%). Moreover, age, ICU requirement; COAD, creatinine, serum
sodium, inflammatory markers (LDH, ferritin, d-dimers and CRP), total leukocyte count, absolute
lymphocyte count, platelets and support requirement were significantly differed between survivors and
non-survivors. Mortality was significantly higher among AKI group, i.e., 52.6% compared to 8.2% in
non-AKI group (p<0.001). Conclusion: AKI is common among hospitalized COVID-19 patients and is

associated with mortality. In all, AKI patients less than half of the patients survived.
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INTRODUCTION

Coronavirus disease-2019 (COVID-19) is caused by
severe acute respiratory syndrome coronavirus 2
(SARS-COV-2) primarily affecting the lungs. Recent
data have shown that it also affects the nervous
system, gastrointestinal system, heart, coagulation
system, and kidneys. The incidence of acute kidney
injury (AKI) in COVID-19 patients varies from 5—
46%. This range is much high in patients requiring
intensive care, i.e., 14-76%.'* Contrasting results
regarding the incidence of AKI have been published
so far. A study from China reported an incidence of
AKI in about 5.1% of patients based on data from
various hospitals.’ On the other hand, two
independent studies from the United States reported
an incidence of 36.6% and 46% of AKI, of whom,
14.3% and 19% required dialysis respectively.'”
Exact mechanism of COVID-19 causing AKI is
unknown, however, it is believed to be due to the
direct effects of the virus on kidney by entering
through angiotensin-converting enzyme 2 receptors
(ACE2) present in the proximal renal tubules and on

podocytes or as a result of the disease severity
resulting in cytokines and interleukin storm. A post-
mortem study including 26 COVID-19 patients with
AKI showed acute tubular injury when observed
under light microscope and the presence of viral
particles under electron microscopy in the tubular
epithelium and podocytes.” Acute kidney injury in
COVID-19 has higher mortality as compared to other
illnesses with AKI. Multiple risk factors of in-patient
AKI have been identified which include male gender,
older age, diabetes mellitus, hypertension, and history
of chronic kidney disease, use of an angiotensin-
converting enzyme, non-steroidal anti-inflammatory
drugs, mechanical ventilation, and hemodynamic
instability.>® There is a scarcity of information
describing AKI and its outcomes in COVID-19
patients in Pakistan. Keeping in view, this study was
designed to determine the incidence, clinical
characteristics, severity, determinants, and outcomes
of AKI in hospitalized COVID-19 patients. It will
help in early recognition of patients who may need
special care during hospitalization.
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MATERIAL AND METHOD

A retrospective study during 1% April — 31* July 2020
was conducted at Northwest General Hospital &
Research Center. Data were retrieved from the
hospital information and management system.
COVID-19 cases admitted in the hospital with at
least 24 hours admission time and positive RT-PCR
took via nasopharyngeal sampling were included in
the final data set. Those patients with age <18 years,
dialysis-dependent ~ chronic ~ kidney  disease,
hospitalization for <24 hours, and ambulatory
patients were excluded. Upon satisfying both the
inclusion and exclusion criteria, a total of 154
COVID-19 patients were included in the final
analysis. Data regarding demographic and clinical
information including laboratory parameters were
recorded in a structured format. Primary outcomes
were the development of AKI as defined by KDIGO
criteria and in-hospital mortality.

Frequency and proportions were calculated
for categorical variables. For continuous variables,
mean and standard deviation (SD) for normally
distributed data or median and interquartile range for
non-normally distributed data were calculated.
Association between categorical variables was
computed using Chi-square statistics or Fisher exact
test where appropriate. Mean and median differences
were calculated using the student independent t-test
and Mann Whitney test, respectively. Similarly,
ANOVA or Kruskal Wallis test was applied to
calculate differences for a variable with more than
two categories. P-value less than 0.05 was considered
significant in all the statistical analyses. SPSS version
20.0 was used for analyzing the data.

The study was approved by the Independent
Ethical Committee of Northwest General hospital &
Research Center vide Reference No: NwGH/EC/13.

RE1SULTS

A total of 154 patients who contracted the COVID -
19 and tested positive through RT-PCR were
included in the final analysis. The mean age of the
patients was 55.13+13.15 (SD) years and males
constitute the major portion of the sample population
(79.2%). Cough 100 (64.9%), fever 114 (74.0%),
shortness of breath (SOB) 102 (66.2%), body aches
49 (31.8%), and chest pain 22 (14.3%), were the
major presenting symptoms, while mean duration of
these symptoms before admission was 8.00+4.45
(SD) days. The least common symptoms were
fatigue, nausea, vomiting, and headache. During the
course of treatment 27 (17.5%) patients required
intensive care. Diabetes mellitus (DM) and
hypertension were the predominant comorbid
conditions. The median (IQR) serum creatinine (SCr)
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was 0.90 (0.40) on admission, while peak SCr was
1.00 (0.67). Median (IQR) SCr was 0.91 (0.54) at the
time of discharge. The details are given in Table-1.
The incidence of AKI was 37% the study population.
Of the total 57 AKI patients, 37 (65.0%) were in
stage I, 6 patients (10%) were in stage Il and 14
patients (25%) were in stage 111 (Figure-1).

Stage Il
25%

Stage I Stagel

10% 65%

Figure-1: The percentage of AKI stage wise

As shown in table-1, the median (IQR) value of
lactate dehydrogenase (LDH) was 490 (385). Median
(IQR) ferritin, D-dimers, C-reactive protein (CRP)
were 1339 (1523), 929(2027), and 10.0(17.87)
respectively. Details regarding other laboratory
values of the total patients are given in table-1.
During the hospital stay, non-invasive ventilation was
received by 48 (31.2%) patients, while invasive
mechanical ventilation (IMV) was received by 22
(14.3%). The overall hospital mortality was 24.7% as
shown in table-1.

Demographic, clinical characteristics
including presenting symptoms and comorbidities,
laboratory parameters, support status, and outcomes
were stratified based on AKI and non-AKI group.
AKI patients had a mean age (60.33+£12.56 years)
greater than non-AKI (52.07£12.58 years) and the
difference was statistically significant (p<0.001).
Those patients who required intensive care had a
higher proportion of AKI compared to non-AKI, and
a statistically significant association was observed
(»<0.001). The mean number of co-morbid
conditions was higher in patients with AKI compared
to non-AKI (p<0.001). The existing disease
conditions that had significant interactions with AKI
status were DM, coronary artery disease (CAD),
chronic kidney disease (CKD), chronic obstructive
airway disease (COAD), and arrhythmias. Among the
presenting symptoms, fever and SOB were found to
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be significantly associated with AKI status. There
were numerous differences in laboratory results
between the non-AKI group and AKI group with
COVID-19 (Table-1). Serum sodium (Na"),
potassium (K") level was significantly higher in the
AKI group compared to the non-AKI group, as
expected ([140.50(13.75)/ 137 (5.00) Vs 4.54 (1.05)/
4.00 (0.70]), with higher levels of urea 91 (82.00).
Similarly, LDH, ferritin, d-dimer, and C-reactive
protein were higher in the AKI group and the
differences were significant (p<0.05). These results
revealed that AKI represented more severe
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inflammation. AKI patients had a higher total
leukocyte count (TLC) of 12.40 (9.00) vs 10.70
(6.29), lower absolute lymphocyte count (LY) 1.24
(0.86) vs 1.28 (1.04), and platelets 201.19 = 91.72 vs
274.97+108.67 compared with the non-AKI group.
Support in terms of vasopressor use, IMV
requirement was higher in AKI group than that
among the non-AKI group and the association was
statistically significant. Compared with the non-AKI
group, the AKI group had significantly higher
mortality (p<0.001).

Table-1: Demographic, clinical characteristics, Laboratory parameters, support status and outcome of the
study patients (n=154)

Characteristics Total No AKI AKI p-value
N=97 N=57
Age [Meant SD] 55.13 £13.15 52.07+12.58 60.33 £12.56 <0.001
Gender n (%) | Male 122 (79.2) 73 (75.3) 49 (86.0) 0.114
Duration of Symptoms [Mean+ SD] 8.00 +4.45 8.37+4.10 7.39+4.93 0.195
Length of hospital stay [Median (IQR)] 6.00 (5) 6.00(6) 5.00(6) 0.582
Intensive care requirement n (%) 27(17.53) 5(5.2) 22 (38.6) <0.001
Diabetes mellitus n (%) 64(41.56) 34 (35.1) 30 (52.6) 0.033
Hypertension n (%) 66(42.86) 37 (38.1) 29 (50.9) 0.123
Coronary artery disease n (%) 21(13.64) 9(9.3) 12 (21.1) 0.040
Heart failure rEF n (%) 2(1.3) 1(1.0) 1(1.8) 0.702
Chronic kidney disease n (%) 6(3.9) 0(0.0) 6 (10.5) 0.001
Asthma n (%) 13(8.44) 5(5.2) 8 (14.0) 0.056
Chronic obstructive airway disease n (%) 4(2.6) 0(0.0) 4(7.0) 0.008
Arrhythmias n (%) 3(1.95) 0 (0.0) 3(5.3) 0.023
Number of Comorbid [Mean+ SD] 1.23 +1.13 0.96+.99 1.68 £1.23 <0.001
Cough n (%) 100(64.94) 67 (69.1) 33 (57.9) 0.160
Fever n (%) 114(74.03) 79 (81.4) 35(614) 0.006
Sputum n (%) 10(6.49) 7(1.2) 303 0.635
Fatigue n (%) 1(0.65) 1(1.0) 0 (0.0) 0.442
Body aches n (%) 49(31.82) 33 (34.0) 16 (28.1) 0.444
Sore throat n (%) 8(5.19) 6(6.2) 2 (3.5) 0.470
Shortness of breath n (%) 102(66.23) 58 (59.8) 44 (77.2) 0.027
Chest pain n (%) 22(14.29) 11(11.3) 11(19.3) 0.173
Headache n (%) 4(2.6) 3@3.1) 1(1.8) 0.614
Diarrhoea n (%) 8(5.19) 5(5.2) 3(5.3) 0.977
Vomiting/Nausea n (%) 4(2.6) 2(2.1) 2 (3.5) 0.586
Creatinine on admission [Median (IQR)] 0.90(0.40) 0.80(0.27) 1.27(0.97) <0.001
Peak Creatinine [Median (IQR)] 1.00(0.67) 0.80(0.30) 1.86(3.23) <0.001
Discharge creatinine [Median (IQR)] 0.91 (0.54) 0.80(0.32) 1.79(2.96) <0.001
Sodium [Median (IQR)] 138.0(6.00) 137(5.00) 140.50(13.75) 0.003
Potassium [Median (IQR)] 4.10(0.86) 4.00(0.70) 4.54(1.05) 0.001
HCO3 [Meant SD] 25.57+3.41 26.36+2.98 24.18 £3.69 <0.001
Urea [Median (IQR)] 48.0(51.50) 39(33.00) 91(82.00) <0.001
INR [Median (IQR)] 1.4(40) 1.40(0.40) 1.30(0.41) 0.247
Lactate dehydrogenase [Median (IQR)] 490(385) 454(317) 654 (453.50) <0.001
Ferritin [Median (IQR)] 1339 (1523) 1657.05(1338) 2000(1460) 0.018
D-dimers [Median (IQR)] 929(2027) 714(1070) 1383(6466) 0.003
C-reactive protein [Median (IQR)] 10.0(17.87) 8.00(14.00) 19(22.60) 0.002
Alanine transaminase [Median (IQR)] 50.0(66.50) 56(80) 50(66.50) 0.160
Albumin [Mean+ SD] 3.43 +£.46 3.46+.43 3.38 .50 0.296
Haemoglobin [Mean+ SD] 12.92 £2.12 13.13+1.63 12.56 £2.75 0.112
Total leukocyte count [Median (IQR)] 11.0(7) 10.70(6.29) 12.40(9.00) 0.001
Absolute lymphocytes [Median (IQR)] 1.27(0.97) 1.28(1.04) 1.24(0.86) 0.282
Platelets count [Mean+ SD] 247.66 £108.47 274.97+108.67 201.19 £91.72 <0.001
Vasopressor support 1 (%) 15(9.74) 2(2.1) 13 (22.8) <0.001
Non-invasive ventilation (NIV) n (%) 48(31.17) 19 (19.6) 29 (50.9) <0.001
Mechanical ventilation (IMV) n (%) 22(14.29) 5(5.2) 17 (29.8) <0.001
Outcome n (%) | Expired 38 (24.7) 8 (8.2) 30 (52.6) <0.001
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Those patients who experienced the AKI were 57
(37%), in these patients the proportions with stages I,
II, and III AKI were 65.0%, 10.0%, and 25.0%,
respectively. Stages were further stratified by
demographic, clinical, and other pertinent
information. Peak creatinine and discharge creatinine
differed significantly across the three stages.
Similarly, serum urea  was = 80.42+47.16,
142.17+57.84, and 176.14+89.28 in stages I, II, 1II
respectively and the differences were statistically
significant. Among the other laboratory parameters,
albumin statistically differed among the stages. NIV
support was required by 71% in stage III and 83.3%
in stage II and 37.8% in stage I and the association
were significant across the three stages. The mortality
of patients with AKI stages I, II, and III were 43.2%,
66.7%, and 71.4 %, correspondingly.

The differences between survivors and non-
survivors were calculated, which showed that non-
survivors had a higher mean age (p=0.001). The
intensive care requirement was higher in non-
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survivors compared to survivors and the association
was significant. Similarly, those patients who had
COAD reported high mortality. Median creatinine at
baseline, at peak, and discharge higher in non-
survivors compared to survivors and the differences
were statistically significant between the groups.

The inflammatory markers such as LDH,
ferritin, d-dimers, and CRP levels were higher in non-
survivors and the differences were found to be
considered significant between the groups. On the
other hand, serum albumin was lower in expired
patients compared to survivors, i.e., 3.17£0.38 vs
3.514£0.45, (p<0.001). Expired patients had higher
TLC (WBC) (14.0(9.50) vs 10.55(6.0), lower
lymphocyte count (LY) (0.99(0.66) vs 1.36 (1.02)
and platelets 177(132.75) vs 250 (143) compared
with survivors and the differences were significant.
Vasopressor use, ventilation requirement both
invasive and non-invasive was statistically significant
between survivors and non-survivors; the details are
given in table-2.

Table-2: Comparison of demographic, clinical characteristics, laboratory parameters, support status, and
outcome between survivors and non-survivors.

Characteristics Discharged Expired p-value
N=116 N=38
Age [Mean £SD] 53.16+13.04 61.16+11.72 0.001
Gender n (%) | Male 88(75.9) 34(89.5) 0.073
Duration of symptoms Median (IQR)] 7.0(5.0) 7.0(6.0) 0.187
Length of stay Median (IQR)] 5.0(6) 6.0(6.50) 0.199
Intensive care unit n (%) 3.0(2.6) 24.0(63.2) <0.001
Diabetes mellitus n (%) 46(39.7) 18(47.4) 0.402
Hypertension n (%) 49(42.2) 17(44.7) 0.787
Coronary artery disease n (%) 15(12.9) 6(15.8) 0.656
Heart failure rEF n (%) 2(1.7) 0(0) 0415
Chronic kidney disease n (%) 5(4.3) 1(2.6) 0.643
Asthma n (%) 8(6.9) 5(13.2) 0.228
Chronic obstructive airway disease n (%) 1(0.9) 3(7.9) 0.018
Arrhythmias n (%) 1(0.9) 2(5.3) 0.088
Number of comorbid [Median (IQR)] 1(2) 1(1) 0.298
Creatinine on admission [Median (IQR)] 0.84(0.40) 1.0(0.53) 0.010
Peak creatinine [Median (IQR)] 0.90(0.50) 1.82(3.24) <0.001
Discharge creatinine [Median (IQR)] 0.80(0.3) 1.85(3.09) <0.001
Sodium [Median (IQR)] 137(5) 140(13.75) <0.001
Potassium [Median (IQR)] 4.0(0.80) 4.33(1.43) 0.108
HCO3" [Median (IQR)] 26.0(4.0) 25.0(3.95) 0.355
Urea [Median (IQR)] 40(31.50) 92(71.0) <0.001
INR [Median (IQR)] 1.30(0.33) 1.50(0.40) 0.055
Lactate dehydrogenase [Median (IQR)] 398.50(230.75) 801.50(364) <0.001
Ferritin [Median (IQR)] 1104.50(1543.75) 2000(792.25) <0.001
D-dimers [Median (IQR)] 645.0(894) 3576(7921) <0.001
C-reactive protein [Median (IQR)] 8.00(11.54) 21.50(19.25) <0.001
Alanine aminotransferase [Median (IQR)] 48.0(65) 50(59.7) 0.819
Albumin 3.51+0.45 3.17+0.38 <0.001
Haemoglobin [Median (IQR)] 13.02.23) 12.43(2.29) 0.439
Total leukocyte count [Median (IQR)] 10.55(6.0) 14.0(9.50) <0.001
Absolute lymphocyte count 1.36(1.02) 0.99(0.66) 0.001
Platelet 250(143) 177(132.75) <0.001
Vasopressor support n (%) 0(0) 15(39.5) <0.001
Non-invasive ventilation n (%) 17(14.7) 31(81.6) <0.001
Mechanical ventilation n (%) 2(1.7) 20(52.6) <0.001
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DISCUSSION

The mean age of our patients included in this study
was 55.13, lesser than the studies from United States,
United Kingdom, and China (mean age: 66, 68, 73,
and 63 years respectively.>®® Older age was
concluded as a risk factor for developing AKI in our
study (mean age of AKI patients 60.33+£12.56 years).
These findings confirm the results reported by Kolhe
NV et al, and Zahid et al.®” No significant relation of
AKI with gender was observed among our subjects.
Similar results were reported in a study from the
UK.” However, the male gender has been concluded
as a risk factor of AKI among COVID-19 patients in
studies done elsewhere."® Larger trials with
multicenter approach may define the exact role of
gender among COVID-19 patients.

The most common comorbidities in our
study population were hypertension (42.9%) followed
by DM (41.6%). A multicenter analysis from
Pakistan also reported hypertension being the most
common comorbid.” Among comorbidities, a
significant association of AKI was observed with
DM, CAD, COAD, CKD, arrhythmias, and a number
of comorbid conditions. Some of these risk factors
including older age, DM, and cardiovascular disease
were also reported in multiple centers studies.*®’
Increase in the number of comorbid was also reported
as a risk factor of AKI in a study from the UK.’
Implication of number comorbid diseases

Incidence of AKI was high in our subjects
affecting more than one-third of the patients. AKI
was reported in 37.01% of our patients which is on
the higher side compared to that reported in other
studies, i.e., 5.1-36%.>*" ' This is also higher
than the AKI in non-COVIDI19 disease patients as
reported by Kolhe NV ez al,” This slightly higher
incidence of AKI in our study can be explained due
to strict inclusion criteria, a greater number of
comorbid conditions, Asian population and lower
number of subjects. Of the total AKI patients, 37
(65%) had stage I AKI followed by stage III (14,
25%) and stage II (6, 10%). On comparing stages of
AKI, serum urea, serum albumin, and use of non-
invasive ventilation were significantly associated
among all parameters.

The relationship of AKI with respiratory
failure is linear as higher stage AKI was found in
severe COVID-19 patients with a more invasive need
for ventilation. This was also observed in our results,
where the need for intensive care was more in
patients with AKI when compared to non-AKI
(38.6% Vs 5.2%). Results published by Hirsch ez al.,*
also showed significant percentages among both
groups (53.2% vs 9.7%) p<0.001. Similarly, NIV in
50.9% and IMV in 29.8% were observed in AKI as
compared to 19.6% and 5.2% in non-AKI
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individuals, respectively. These results were parallel
to a multicenter analysis where 53.6% of patients
with AKI needed mechanical ventilation compared to
3.5% in the non-AKI group (p<0.001).* Regarding
the use of vasopressor, 22.8% of our subjects with
AKI needed vasopressor support as compared to
2.1% in the non-AKI group (p<0.001). Also, all of
our patients who received vasopressor support during
admission could not survive (p<0.001). These values
also correlate with the findings of Hirsch JS et al. in
this context.* The severity of AKI with respiratory
failure, a higher number of mechanical ventilation,
and increased mortality among ventilated patients in
our study strongly support the link between
respiratory failure and AKI among hospitalized
COVID-19 patients.

COVID-19 triggers cytokine storm and sets
the stage for multi-organ failure along with AKI
through several mechanisms such as immune
dysregulations which further cause intrarenal
inflammation and cause increase  vascular
permeability. Multifactorial causative pathways play
an important role in the development of AKI in
COVID-19 patients that lead to acute tubular
necrosis.'"* As COVID-19 is a prothrombotic state
itself, prothrombotic coagulopathy contributing AKI
cannot be ruled out. In our study, serum ferritin,
lactate dehydrogenase and C-reactive protein was
done at the time of admission showed significant
relation with AKI. Also, these markers along with d-
dimers were highly statistically significant in patients
who could not survive. These statistics validate the
findings reported by Arshad et al where CRP levels
more than 7 times predicted in-hospital mortality in
COVID-19 illness.” In addition to these values,
serum urea level, bicarbonate, and total leukocyte
were found significantly raised in our patients of the
AKI group compared to non-AKI.

Cheng et al reported a 16.1% incidence of
inpatient deaths with a sharp increment to 33.7% in
patients with high baseline creatinine.” More data
have shown similar higher values of in-hospital
mortality such as Kolhe et al. 71.1% and Rudnick et
al. 60.5%.*" Our study confirmed AKI as a risk
factor of in-hospital mortality (52.6%) in COVID19
patients with AKI compared to 8.2% in non-AKI
group. Stage 3 AKI showed the highest percentage of
mortality followed by stage 2 and stage 1 AKI.
Similar results were reported by others as for stage 3
AKI.?> Among the reported studies, in-hospital deaths
were 34.8-72% in the US and 16.1-86% in
China.>**!1® Furthermore, age and the presence of
COAD were strongly linked with in-patient deaths. In
our study, there was no significant relation between
AKI and d-dimers however mortality was
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significantly higher in our subjects with high d-
dimers values.

This study has some limitations. Worth
mentioning is a retrospective design and single-center
study with a low sample size. We were not able to
have long-term follow-up of these patients. Urine
output was not included in the AKI determination due
to missing data.

CONCLUSION

The incidence of AKI is high in COVID-19
hospitalized patients and the magnitude of the
inflammatory response, age, gender; fever, and
shortness of breath are among the risk factors for the
development of AKI. Moreover, AKI is associated
with a high risk for mortality.
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