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Abstract

Objective: The purpose of this research was to determine the incidence of Acute Kidney Injury (AKI) in COVID-19-affected
patients

Methods: This retrospective cohort study was conducted at Ziauddin Hospital Clifton Campus from June to December 2020.
Adult patients with AKI or acute-on-chronic kidney disease (ACKD) were included in a retrospective study. Patients infected
with SARS-CoV2 and renal involvement were directed towards the ICU/Nephrology departments which have the expertise to
perform laboratory analysis, radiography and institution of treatment. Supplemental oxygen use was documented. The research
also assessed information about therapy (antivirals, immunomodulators, RRT) and results (renal function recovery or death).
Results: After excluding patients with obstructive AKI, a total of 180 (mean age 50.1 years) of 104 males and 76 females were
included in the research. 120 patients were found to have prerenal, and 60 had intrinsic AKI with significant differences between
mild, moderate, and severe cases (p=0.004). Acute Kidney injury (AKI) survivors had a complete recovery rate of 70%, a partial
recovery rate of 22%, and a hemodialysis dependency rate of 8%.

Conclusion: Patients with severe COVID-19 infection often develop more severe AKI, and those in the severe or critical stages
often exhibit proteinuria and dipstick hematuria. Long-term follow-up for COVID-19 patients should be done to evaluate its
influence on renal outcome, and larger samples are required to elucidate the association between COVID-19 and renal damage.
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) other organs like the kidney. Recent studies show that
1. Introduction up to 37.5% of fatal COVID-19 cases had signs of

The pandemic of COVID-19 is a major concern on acute kidney damage.® This shows that the kidney is a
many fronts, with far-reaching negative effects on  susceptible organ in COVID-19 patients. The
healthcare, industry, and the economy.! The severe  Pandemic spread of SARS-CoV2 has altered the daily
acute respiratory syndrome coronavirus 2 (SARS routines of both patients and healthcare providers.
CoV-2) was first identified in December 2019 as a  Despite being primarily a respiratory condition, it has
cluster of pneumonia cases of unknown Origin in been reported that in extreme situations, it may affect
Wuhan, China, and has since rapidly spread other organs and systems.® Among them, COVID-19-

worldwide, prompting the World Health Organization ~ associated acute kidney damage is particularly

to declare the coronavirus disease outbreak a public ~ interesting because of the high mortality rate related to
health emergency of international concern.? AKI and the scarcity of data on its intermediate and
Asymptomatic infection, moderate upper respiratory long-term consequences.®

SiCknESS, and severe viral pneumonia |eading to The literature is also divided on the effects of the link
respiratory failure and death all seem part of the  between AKI and SARS-CoV-2 infection, with some

clinical spectrum of SARS-CoV-2 infection® The  studies documenting no adverse effect on patient
reported incidence of COVID-19-associated acute evolution and others showing an increase in mortality
kidney injury (AKI) varies, ranging from 2% to 23%  With rising creatinine, Kidney Disease Improving
across studies.*® However, major meta-analyses  Global Outcomes (KDIGO) stage, and need for renal
reveal an incidence between 10% and 15% of all ~ replacement therapy (RRT).>***  Patients with
COVID-19 patients and h|gher in Subgroups of e|der|y COVID-19-associated AKI have an increased risk of
and ICU-admitted patients. Diffuse alveolar ~ developing chronic kidney disease (CKD).*? The
destruction is the primary symptom of COVID-19 in researchers found that 16% of AKI patients developed
the heart, although the virus has also been linked to ~ CKD within 90 days of study enrollment.** The annual
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decrease in eGFR relative to controls not infected with
COVID-19 was 3.3, 5.2, and 7.7 mL/min/1.73 m? in
non-hospitalized patients, hospitalized patients, and
intensive care patients at least 30 days after COVID-
19 infection.'* Patients with AKI caused by COVID-
19 experienced a corresponding decrease in eGFR.™
Hypoxemic respiratory failure requiring mechanical
ventilation or hypotension needing vasopressor usage
are major reasons for admitting patients with severe
COVID-19 to the intensive care unit.®* COVID-19-
associated AKI may be caused by dehydration, sepsis-
induced hypotension, immunologic damage, or
microvascular illness. Patients with COVID-19 may
suffer acute kidney damage, ranging from prerenal
azotemia to acute tubular necrosis due to inadequate
oral intake, sepsis, and cytokine storm.® In Pakistan
there is a lack of data that could help in the diagnosis
of those patients who are COVID positive suffering
from acute kidney injury. The purpose of this research
was to determine the prevalence of AKI in COVID-
19-affected patients and demonstrate a correlation
between inflammatory markers and COVID-19
severity.

2. Materials & Methods

The Ziauddin Hospital Clifton campus conducted this
retrospective research between June — December 2020.
Patients hospitalized in the dedicated ICU for COVID-
19 patients and the associated nephrology department
were included in the study. Those patients were included
in the study who met the inclusion and exclusion criteria.
One hundred and eighty patients were chosen to
participate in the study. All patients were divided into
three groups Group I: mild cases, Group Il: moderate
cases, and Group IllI: severe cases. Sample size
calculation was done to compare proportions where the
confidence interval was equal to 95 % with a 5%
significance level, taking 80% power of the study. The
180 total sample size was calculated. We divided an
equal number of patients into three groups.

Every participant in the research gave informed written
permission. The patients included were aged 40-70
years, both male and female. Study participants who
were suffering from any severe co-morbid conditions
such as liver disease, thyroid disorder, renal disease, and
heart failure, were excluded from the study.

Adult patients with COVID-19 infection and AKI or
acute-on-chronic kidney disease (ACKD) who were
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admitted to the Ziauddin Hospital between Jun-Dec
2020 were included in this retrospective study. Patients
infected with SARS-CoV2 and renal involvement were
directed towards a special unit which was the only
COVID-dedicated area of the hospital in the vicinity,
with an emergency nephrology department and the
ability to perform all laboratory analysis and other
requirements for the diagnosis and management
required. Laboratory results related to SARS-CoV2
infection included complete blood count, erythrocyte
sedimentation rate, C-reactive protein, serum interleukin
6, procalcitonin, and ferritin results were collected,
along with demographic information (age, sex,
comorbidities). A radiologist performed chest CT scans
to see how much of the pulmonary parenchyma was
impacted by COVID-19 pneumonia. Supplemental
oxygen use was documented. The research also assessed
information about therapy (antivirals,
immunomodulators, RRT) and results (renal function
recovery or death). We examined associations between
AKI severity and timing, and several factors linked to
COVID-19 severity to assess the effect of the AKI with
COVID-19 association on patient outcome according to
guidelines.” The difference between prerenal and
intrinsic AKI was gleaned from the charts according to
the nephrologists’ assessment based on clinical and
laboratory data. Those patients whose renal function
recovered to baseline within 48 hours with hydration
were classified as having prerenal AKI.

SPSS version 25 was used for the data analysis. (An
application for social science statistics) mean and
standard deviation were used to represent continuous
data, whereas percentages were used to represent
dichotomous data. The Chi-square (X?) test, Fisher's
exact test, and the analysis of variance (ANOVA) were
employed to compare continuous variables, while the
unpaired t-test was used for categorical data. P = 0.05
and a 95% confidence interval were used to determine if
the findings were statistically significant. Logistic
regression analysis, the Spearman rank correlation
coefficient test, and the Pearson correlation coefficient
test were utilized where suitable.

3. Results

After excluding patients with obstructive AKI, a total of
180 (mean age 50.1 years) of 104 males and 76 females
were included in the research. 120 patients had prerenal
and 60 had intrinsic AKI with significant differences
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between mild, moderate, and severe cases (p=0.004).
The most common comorbid were diabetes mellitus
(12.2%) in severe, hypertension (11.1%), coronary
artery disease (9.4%) in mild COVID. 62 patients
required renal replacement therapy (RRT). The majority
of patients suffered from fever and cough. Five patients
died in the severe cases. The other demographic details
are listed in Table 1.

Acute kidney injury (AKI) survivors had a complete
recovery rate of 70%, a partial recovery rate of 22%, and
a hemodialysis dependency rate of 8%. Patients in the
severe COVID group required renal replacement therapy
(RRT) more frequently than the mild group with the
differences being significant. Table 2 shows the
variables used for categorizing patients as mild,
moderate and severe COVID infections. Figures 1 and 2
show the percentage of dipstick hematuria and
proteinuria amongst mild, moderate and severe cases of
COVID-19 associated with AKI, with significant 3+
proteinuria seen in patients with severe COVID.

Figure 1 and Figure 2 represent the percentage of
proteinuria and dipstick hematuria.
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Figure 1: Percentage of Proteinuria
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Figure 2: Percentage of Dipstick Hematuria

Table 1: Demographics details of mild, moderate, and severe COVID cases

Variables Mild n (%) Moderate n (%) Severe n (%) P value
Sex Male 34 (18.9) 31 (17.2) 39 (21.7) 0.328
Female 26 (14.4) 29 (16.1) 21 (11.7)
AKI Prerenal 54 (30) 36 (20) 30 (16.7) 0.004
Intrinsic 20 (11.1) 15 (8.3) 25 (13.9)
Fever Yes 41 (22.8) 31(17.2) 47(26.1) 0.008
No 19 (10.6) 29 (16.1) 13(7.2)
Cough Yes 36 (20) 26 (14.4) 49 (27.2) <0.001
No 24 (13.3) 34 (18.9) 11 (6.1)
Symptoms Diabetes mellitus, % 3(1.7) 18 (10) 22 (12.2) <0.001
Hypertension % 20 (11.1) 10 (5.6) 8 (4.4)
Coronary heart disease, % 17 (9.4) 11 (6.1) 3(1.7)
Chronic kidney disease (eGFR 9 (5) 8 (4.4) 9 (5)
<60 mL/min/1.73m2), %
Continuous venovenous 6 (3.3) 9 (5) 13(7.2)
hemofiltration
History of tuberculosis 5(2.8) 4(2.2) 5(2.8)
Renal replacement Required 16 (8.9) 22 (12.2) 39 (21.7)
therapy <0.001
Death Yes 2(1.1) 4(2.2) 5 (2.8) 0.51
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Table 2: Clinical results of mild, moderate, and severe cases of
COVID-19

Variables Mean Std. P-
Deviation  Value
Age (years) Mild 51.8 11.7 0.253
Moderate 48.3 11.4
Severe 50.1 11.7
BMI (kg/m2) Mild 22.0 3.3 <0.001
Moderate 21.8 6.2
Severe 18.2 4.6
Moderate 81.5 0.3
Severe 81.5 0.3
Sa02 (%) Mild 96.5 0.3 <0.001
Moderate 95.5 0.3
Severe 92.4 0.4
Ferritin Mild 1049.4 498.9 <0.001
(ng/dI) Moderate  2054.7 452.7
Severe 2950.0 1053.9
CRP (mg/l) Mild 156.8 29.8 <0.001
Moderate 173.1 30.4
Severe 228.1 10.5
ESR Mild 55.7 2.4 <0.001
(mm/1hr) Moderate 73.7 4.2
Severe 75.3 2.6
Moderate 14 0.1
Severe 1.2 0.0
PCT (ng/ml)  Mild 0.2 0.1 <0.001
Moderate 0.8 0.0
Severe 2.4 0.0
Moderate 95.2 15.3
Severe 96.4 13.8
4. Discussion

Patients with COVID-19 who develop AKI, hematuria,
or proteinuria are at an increased risk of death.'® We also
noted that there were significant differences in the type
and severity of AKI with the severity of COVID disease.
More patients with severe COVID had intrinsic AKI
(signifying more severe damage), and more patients in
the severe COVID group required renal replacement
therapy. Whether or if the virus also causes direct
cytotoxicity is unknown; however, it is thought that
hemodynamic alterations and cytokine release play a
major role in AKL5 The severity of the illness in the
individuals evaluated, affects the reported incidence of
AKI among patients with COVID-19, particularly those
hospitalized.'> According to Xu Hong et al, there are
large observational investigations that showed acute
kidney injury in 32%-37% of COVID-19 hospitalized
patients. About half of the individuals with AKI had a
mild illness (an increase in blood creatinine of 1.5- to 2-
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fold), whereas the other half had moderate or severe
disease (an increase in serum creatinine of more than 2-
fold). Twelve per cent to fifteen per cent of individuals
were found to have AKI and need Kidney Replacement
Therapy (KRT). The need for mechanical breathing and
an extended hospital stay was linked to AKI. About half
of those with AKI did not fully regain renal function
before being released.’® Age, race/ethnicity, BMI, blood
pressure, diabetes, cardiovascular disease, eGFR,
interleukin-6, and the need for mechanical ventilation or
vasopressors were independent predictors of AKI.
Another research with similar results was published.?® %

Within two weeks of ICU admission, 21% of
approximately 3000 critically sick patients with
COVID-19 had severe AKI needing Kkidney
replacement. About half of these patients did not survive
the first 28 days in the hospital.?? In our study older age,
oliguria, and admission to a hospital with few intensive
care unit beds increased the chance of death. Three-
fourths of patients who made it to release required
kidney replacement and over half were still reliant on
kidney replacement after two months. The correlation
between the need for KRT and the pathophysiology of
COVID-19, if any, remains unknown.?® There has been
no research on the long-term effects of KRT for patients
with COVID-19. Hospitalized patients with and without
COVID-19 were examined for the incidence of AKI in
one research.?* Among the approximately 19,500
patients hospitalized for various causes, the incidence of
AKI was 18%; however, it was 31% among the 2600
patients with COVID-19.%* In this study, the differences
in the common risk factors for AKI across the groups did
not account for the increased prevalence of AKI
observed. Individuals with COVID-19 seemed to have
greater levels of C-reactive protein and ferritin, two
markers of inflammation, than individuals without
COVID-19. Few individuals without COVID-19 had
these inflammatory markers examined  while
hospitalized. Therefore, comparisons of AKI across
groups while adjusting for these indicators were not
feasible. Another research done by Birkelo, Bethany C
showed the comparing outcomes between patients
hospitalized for influenza or COVID-19 found that
COVID-19 patients had a higher rate of AKI (41 vs
29%) and a higher severity of AKI (stage 3in 26 vs. 6%).
Furthermore, individuals with COVID-19 had greater
90-day mortality than those with influenza (35 vs 9 per
cent).?® The patients included had a mean age of 50
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(range: 40-62 years), with the majority male. The most
common were diabetes mellitus (12.2%) and CVVH
(7.2%) in severe, hypertension (11.1%), and coronary
artery disease (9.4%) in mild. Thirty-one out of 33
patients had AKI (mainly stage 3). Acute tubular
necrosis (ATN) was seen in the majority of patients
(62%), focal segmental glomerulosclerosis (FSGS) was
present in one, and many patients experienced
complications from other medical conditions (e.g.,
hypertensive nephrosclerosis) as a result. Another study
by Batlle Daniel found that ATN was the most common
kidney pathology. Only a subset of individuals with
COVID-19 developed glomerular lesions.?® It is still
unclear whether SARS-CoV-2 may directly infect the
kidneys. The histopathological investigations showed by
Serafinelli Jessica, the presence of COVID-19 patients'
kidneys contain virus-like particles.?” However, these
may be subcellular structures inside the endosome (such
as clathrin-coated vesicles and multivesicular bodies).?®
It has been shown in several investigations using
ultrastructural in-situ hybridization that viral RNA or
viral proteins are present in kidney tissue.? Other causes
of AKI should be investigated similarly to those used for
patients in critical condition who also have AKI. Urine
samples are not often regarded as extremely
contagious.®® The incidence of AKI was minimal in this
group based on a retrospective cohort research that
evaluated all 180 confirmed COVID-19 cases. The
prevalence of hematuria and proteinuria was not much
greater. As compared to the previous research by Li,
Qinglin found that the frequency of AKI was 6.7%, with
fatality rates reaching up to 91.7%.3 In recent research
of 710 hospitalized patients with COVID-19 illness.
However, AKI significantly predicted in-hospital death
among COVID-19 patients. Two patients (one with
AKI) had elevated serum creatinine levels, but neither
had chronic kidney disease. Out of the 710 patients in
the Wuhan group, 89 passed away, and 35.5% were
classified as very or critically sick.®? The possible causes
of AKI and COVID include sepsis-induced cytokine
storm syndrome and coronavirus infection's direct
cellular damage to the kidneys.?*?! Recent studies have
shown that the kidneys exhibit significant levels of the
receptors for the angiotensin-converting enzyme
(ACE2) and the Middle East respiratory syndrome
coronavirus (MERS-CoV). Renal impairment resulted
from SARS-CoV-2 viremia because the coronavirus
travelled from the blood to the kidneys, connected to the
ACE2 receptor.®® The clearance of viral RNA in patients'
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stools and urine lagged behind that in oropharyngeal
swabs, despite the low positive rate of viral RNA in urine
(4/58; 6.9%).%* There was no indication of glomerular
disease, whereas acute tubular necrosis was the most
prevalent histological sign of AKI in SARS patients. In
autopsy specimens from patients with COVID-19,
proteinaceous exudates were found in the glomerular
Bowman's capsule, along with degeneration of the renal
tubular epithelium and exfoliation of tubular luminal
hyaline casts, indicating that the kidneys were severely
affected. Previous histological research has revealed the
presence of intratubular pigmented casts. Congestion
with microthrombi and localized fibrosis were also seen
in the interstitium.®>% After controlling for other
potential risk variables, the current research from Wuhan
demonstrated that increased serum creatinine, elevated
urea nitrogen, AKI, proteinuria, and dipstick hematuria
were all independent risk factors for in-hospital
mortality.®” We also found that individuals with COVID-
19 who had proteinuria or dipstick hematuria were more
likely to be classified as severe or critical and that around
half of all severe or critical patients also had albuminuria
or hematuria. But there further investigation needs to be
done for the correlation between the increased viral load
and the increased likelihood of the virus attaching to
kidney receptors in these patients. Renal function and
cardiac indicators such as lactate dehydrogenase and
BNP normalized in our small sample of COVID-19
patients who were followed up, indicating a favourable
outlook for these patients. Our research includes a few
limitations as we did not have the urine laboratory data
from before admission. Therefore, we are not sure
whether proteinuria and dipstick hematuria were present
before the admission. Second, we could not tell the
difference between real hematuria, hemoglobinuria, or
myoglobinuria as we just used a dipstick to test for
hematuria. However, the frequency of proteinuria and
dipstick hematuria in our research was substantially
greater than the 4.6% found in the general population in
Pakistan.®

5. Conclusion

Patients with COVID-19 infection, particularly those in
the severe or critical stages, often exhibit proteinuria and
dipstick hematuria, with more severe AKI and lesser
chances of renal recovery. We found that AKI frequently
complicates the course of COVID-19 hospitalizations
and is associated with increased illness severity,
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prolonged hospitalization, and poorer prognosis. Given
the extent of the adverse impact of AKI, it is imperative
that early detection of comorbidities and renal
complications is essential to improve the outcomes of
COVID-19 patients. Further research on large scales is
warranted to improve our understanding of this disease
and design clinical approaches to managing COVID-19-
related AKI. Long-term follow-up for COVID-19
patients should also be done to evaluate its influence on
renal outcome, and larger samples are required to
elucidate the association between COVID-19 and renal
damage. These outcomes will be useful to physicians in
monitoring and assessing disease progression and
patient outcomes.
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