Research

An open access journal

Nephrology & Urology: Current

NUCR-1-101

Acute Kidney Injury in COVID-19 Patients: A Single Center

Experience in an Inner City Hospital

Pelayo J'*, Lo KB?, Gopalakrishnan A? and Rangaswami J*3

!Department of Medicine, Einstein Medical Center Philadelphia, USA

2Department of Medicine, The Brooklyn Hospital Center, USA

3Division of Pulmonary and Critical Care and Sleep Medicine, Einstein Medical Center Philadelphia, USA

Abstract

provide appropriate interventions.

Although patients with coronavirus disease 19 (COVID-19) predominantly present with acute respiratory failure,
involvement of other organs including the kidneys has been reported. We present a case series of 8 critically ill COVID19-
patients, predominantly African-Americans, who developed moderate to severe oliguric acute kidney injury (AKI). The serum
creatinine values peaked within one week consistent with the rise of inflammatory markers and disease progression. All the
patients required mechanical ventilation, and 25% needed continuous renal replacement therapy with an in-hospital death rate
of 75%. All patients had microhematuria and pyuria, and majority of the urine electrolytes were of pre-renal pattern. Possible
AKI mechanisms include direct cytopathic effect of the virus, deposition of immune complexes and cytokine-mediated effect
in the form of rhabdomyolysis, hypoxia, and shock. Awareness that AKI is a significant poor prognostic marker of mortality
among COVID-19 patients will enable clinicians to risk stratify patients early in the course of the disease process in order to
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Introduction

A recent number of pneumonia cases in Wuhan, China
were caused by a novel beta coronavirus, now called
coronavirus disease of 2019 (COVID-19) [1]. The COVID-19
virus was shown to affect multiple organs including the lungs,
kidneys, heart and esophagus by binding to their angiotensin-
converting enzyme 2 (ACE2) receptors [2]. Of note, in 2005,
6.7% of patients with severe acute respiratory syndrome
(SARS) were found to have AKI with mortality rate as high as
91.7% with kidney involvement [3]. Similarly, the incidence
of AKI ranges from 17% to 29% among hospitalized COVID-
19 patients in different regions including China, United States
of America and Europe [4-7]. Combined data from the above
studies showed that critically ill patients admitted to the
intensive care unit (ICU) have a higher incidence of AKI (19-
29%) than those who are hospitalized in non-ICU units (0-
19%).

In this clinical case series, we describe our single center
experience in an underserved inner city hospital with a
predominance of African-American patients. We included 8
critically ill COVID-19 patients who were admitted to our
ICU and developed moderate to severe oliguric AKI. Findings
from these cases can help generate awareness among
clinicians about the burden of AKI and their associated severe
clinical outcomes among COVID-19 patients, especially
African-American patients, in the ICU.
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Results

We included 8 critically ill COVID-19 patients, admitted
to the intensive care unit of an inner city tertiary hospital, who
developed moderate to severe oliguric AKI. The median age
was 77.5 IQR (69-79), and 62% were male. Majority were
African-Americans (87.5%), and more than half of these
patients were admitted directly from home. The mean baseline
estimated glomerular filtration rate (eGFR) was 59.14 + 8.67
cc/min/1.73m?, and the mean serum creatinine value was 2.0
mg/dL. All patients had hypertension, 88% had baseline
chronic kidney disease (CKD), and 75% had diabetes. Three
patients  were on  angiotensin-converting  enzyme
inhibitors/angiotensin ~ receptor  blockers  prior  to
hospitalization, and three were on diuretics which were
discontinued due to hypotension. Majority (75%) of the
patients showed AKI upon admission, with serum creatinine
values peaking over an average of about 6 days (Table 1 and
Figure 1). Inflammatory markers such as serum ferritin and D-
dimer as well as oxygen requirements (FiO2) trended higher
as serum creatinine peaked, with serum ferritin showing a
statistically significant difference from admission values
(2790 ng/ml vs. 7028 ng/ml) with P value of <0.001 (Table 2).
All patients had sub-nephrotic proteinuria, microhematuria
and pyuria on the urine analysis. Majority (87.5%) had
hyaline casts on examination of urine sediment, and 75% of
the urine fractional excretion of sodium(FEna) or urea(FEuyrea)
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profile was prerenal in character. Majority (88%) of the
patients had septic shock requiring at least one vasopressor.
Half of the patients also required contrast administered
intravenously for diagnostic imaging studies with an average
contrast dose of 87.5 ml. All the patients required mechanical
ventilation, and a fourth needed continuous renal replacement
therapy (CRRT). While one (12.5%) patient remains admitted
and one (12.5%) was discharged after nearly 4 weeks stay in
the ICU, six patients (75%) succumbed to complications of
COVID-19 infection (Figure 1).

Characteristics Total (N=8)
Median age (IQR) — yr 77.5 (69-79)
Sex
Male — no. (%) 5 (62.5)
Female — no. (%) 3(37.5)
Race or ethnic group — no (%)
African American 7(87.5)
Caucasian 1(12.5)
Asian 0
Hispanic 0
Residence — no. (%)
Nursing home 3(37.5)
Home 5 (62.5)
Comorbidities— no. (%)
Hypertension 8 (100)
Diabetes mellitus 6 (75)
Chronic Kidney Disease — no. (%) 7 (87.5)
Stage 1 1(14.2)
Stage 2 4 (57.1)
Stage 3a 2 (28.5)
Stage 3b 0
Stage 4 0
Stage 5 0
Baseline eGFR (mean+SD) 59.14+8.67
Chronic Systolic Heart Failure 2 (25)
Benign Prostatic Hyperplasia 1(12.5)
Home medications — no. (%)
Diuretics 3(37.5)
NSAIDs 2(25)
ARBs 2(25)
ACEi 1(12.5)
Admission data — no. (%)
Contrast exposure 4 (50)
Inpatient medications — no. (%)
Vancomycin 8 (100)
Proton pump inhibitors 8 (100)
Allopurinol 1(12.5)
Nonsteroidal anti-inflammatory 2 (25)
drugs
Sepsis/Septic shock 7(87.5)
Urinary tract infection 2 (25)
Rhabdomyolysis 1(12.5)
Multiorgan failure 1(12.5)
AKI Staging (KDIGO) — no. (%)
Stage 1 1(12.5)
Stage 2 3(37.5)
Stage 3 4 (50)
Days to AKI diagnosis — no. (%)
0 6 (75)
1-7 1(12.5)
>7 1(12.5)
Urine output (m1/24 h) at AKI — no. (%)
>400 2(25)
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100-400 6 (75)
<100 0
Mean days to peak of creatinine level (IQR) 6.25 (1-16)
Inflammatory markers on admission — (mean)
Ferritin (ng/mL) 2790
LDH (1U/) 462
D-dimer (ng/mL) 5733
CRP (mg/L)
Inflammatory markers at creatinine peak —
(mean)
Ferritin (ng/mL) 7028
LDH (1U/) 790
D-dimer (ng/mL) 11956
CRP (mg/L)
FiO2 requirement on admission — (mean) 31
FiO2 requirement at creatinine peak — (mean) | 81
Diagnostic findings — no. (%)
BUN-Creatinine ratio
>20:1 4 (50)
<20:1 4 (50)
Urine osmolality (mOsm/kg H2) 395.134+71.29
Urine Na (mEg/L)
<20 3 (37.5)
>20 5 (62.5)
FEnNaOr FEurea
<1% or <35% 6 (75)
>1% or >35% 2 (25)
Specific gravity — no. (%)
>1.020 1(12.5)
<1.020 7 (87.5)
(urine protein: creatinine ratio mg/g) — no.
(%)
<150 mg/g 0
>150 mg/g 8 (100)
Glycosuria — no. (%) 0
Ketonuria — no. (%) 0
Hematuria — no. (%) 8 (100)
Pyuria — no. (%) 8 (100)
Bacteriuria — no. (%) 4 (50)
Cast — no. (%)
Hyaline 7 (87.5)
Granular 1(12.5)
Imaging Findings — no. (%)
hydronephrosis 0
Decreased kidney size 0
Increased echogenicity 0
Need for CRRT — no. (%) 2 (25)
Days to CRRT — no. (%)
0 0
1-7 2 (25)
>7 0
COVID-19 treatment — no. (%)
Mechanical ventilation 8 (100)
Medications — no. (%)
Hydroxychloroquine 6 (75)
Tocilizumab 2 (25)
Glucocorticoids 5 (62.5)
Length of ICU stay — days (mean) 10
Discharged — no. (%) 1(12.5)
Remains admitted — no. (%) 1(12.5)
Death in the hospital — no. (%) 6 (75)
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Table 1: Characteristics of 8 patients with COVID-19 with
AKI.
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SERUM CREATININE TREND OF 8 COVID-19 PATIENTS DURING ADMISSION
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Figure 1: Serum creatinine trend of COVID-19 patients during admission.

Admission Peak of Kidney injury p value
Ferritin 2789.88 + 4011.65 7027.63 + 13376.92 <0.0001
D-dimer 5732.50 + 7980.13 11956.25 + 9668.48 0.188
FiO2% 30.88 £ 20.36 81.25+ 21.0 0.549

Table 2: Comparison of markers of disease on admission and on the peak of the kidney injury.

Discussion

In this clinical case series, we describe eight critically-ill
patients with COVID-19 who developed moderate to severe
AKI. The serum creatinine values peaked within a span of
over 1 week consistent with the rise of inflammatory markers,
particularly the serum ferritin, and disease progression. This is
highly suggestive that the disease activity and severity
correlates with the course of kidney injury.

Little is known about the mechanisms of AKI among
COVID-19 patients; however, several factors can be traced to
link the pathophysiology of AKI in this cohort of patients.
First, the COVID-19 virus is known to induce direct
cytopathic effects on resident renal cells, substantiated by the
detection of coronavirus fragments in blood and urine among
COVID-19 patients [1]. Recently, the virus is shown to
employ the angiotensin converting enzyme 2 (ACE2) as a cell
entry receptor which is extensively expressed in the kidneys
particularly in the podocytes and proximal tubular epithelial
cells [2,8]. Recent human tissue RNA-sequencing data
revealed that the ACE2 expression in the kidneys was nearly
100-fold higher than in the lungs [9]. Another protease family,
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transmembrane protease serine 2 (TMPRSS2), which is co-
expressed with ACE2 in the proximal tubule S3 of the kidney
has been observed to be directly involved in “priming” the
coronavirus to activate its peptides and eventually amplify its
damaging effects on the kidneys [10]. It is hypothesized that
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV2) potentially induces direct tubular injury based on the
fact that SARS-CoV2 nucleocapsid protein and viral particles
were detected in the tubular epithelium and podocytes [11].
Autopsies of kidney tissues of COVID-19 patients revealed
severe acute tubular necrosis with macrophage infiltration of
the tubulointerstitium and diffuse proximal tubule injury with
erythrocyte aggregates obstructing the peritubular capillaries
[11]. These histopathologic reports are reflective of the
urinalysis findings which include hematuria, proteinuria,
pyuria, coarse granular, and leukocyte casts seen in our
patients. Second, virus-induced cytokines or inflammatory
mediators exert an indirect effect on the kidneys as a result of
hypoxia and shock, which were the clinical sequelae seen in
our patients needing mechanical ventilation, vasopressors,
stress dose steroids and fluid resuscitation. In the same vein,
pigmented casts containing high levels of creatine
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phosphokinase and elevated serum creatine kinase, consistent
with rhabdomyolysis, were reported in some cases of COVID-
19 [11]. All of these may have contributed to AKI worsening
in our patients. Furthermore, in the setting of cytokine storm
and septic shock, other factors such as nonsteroidal anti-
inflammatory drug (NSAID) use, poor oral intake from the
viral prodrome, and volume depletion can potentially decrease
GFR that could explain the low calculated FEna and/or FEyrea
suggestive of prerenal etiology present in our patients.
However useful, FEna has significant limitations as FEna of
less than 1% can be also seen in clear-cut causes of intrinsic
kidney disease such as contrast-induced nephropathy, acute
interstitial nephritis, rhabdomyolysis and early tubular
obstruction which are possible complications present in our
patients as well [12]. These patients may actually have both
pre-renal and intrinsic AKI due to the combined net
pathologic effect of COVID-19 infection.

The high prevalence of comorbidities in our patients
inherently place them at a higher risk of developing severe
forms of COVID-19 infection. In particular, 25% of our
patients who had CKD at baseline eventually needed CRRT
with mortality rate as high as 75%. This is supported by
previous studies reporting the rates to as high as 39% among
ICU patients undergoing CRRT and the occurrence of in-
hospital death of approximately 16% of hospitalized patients
[4,7,13]. Indeed, AKI is a poor prognostic marker for
mortality among COVID-19 patients.

Of note, most of the data on COVID-19 related AKI
comes from China and Europe. We present a clinical series
that involve a significant number of African-American
patients who are sometimes known to possess variants of
armadillo repeat containing 5 (ARMCS) gene potentially
causing low renin phenotype and consequently suppressed
renin-angiotensin-aldosterone system (RAAS), a pathway
SARS-CoV2 can potentially impact [14]. It would
theoretically be expected that a low renin state in this specific
population may confer a benefit with respect to the severity of
the course of COVID-19 given the potential for increased risk
of acute respiratory distress syndrome (ARDS) with
angiotensin-1 (AT1) receptor activation; however this
experience indicates that African-American patients are at
very high risk for severe COVID-19 including AKI. This
emphasizes the need for more research on race-based
differences in susceptibility to COVID, especially with
African-American patients who are high risk for preexisting
cardiorenal disease [15]. A case of an African-American
COVID-19 patient with a high-risk apolipoprotein L1
(APOL1) gene who developed severe collapsing
glomerulopathy was recently reported, with biopsy findings of
tubular injury, coliapsed glomerular tuft with epithelial
hyperplasia, foot process effacement, and tubuloreticular
inclusions within the endothelial cells [16]. More cases of this
type of glomerulopathy triggered by the coronavirus may be
reported as we are seeing more African-American patients
who are affected by the pandemic.

Although findings of this study are consistent with the
results of previous large, multicenter prospective and
retrospective cohort studies, its main limitation is the lack of
external validity given the nature of the study design. Apart
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from AKI, other factors that were not accounted for must have
contributed to the deterioration of our patients. Also, we only
included a limited number of patients and the sample is only
representative of 2 ethnicities at most.

In a case series of predominantly elderly African
American patients with COVID-19 who developed moderate
to severe oliguric AKI, AKI may potentially herald poorer
outcomes such as need for mechanical ventilation, CRRT and
mortality. More studies are needed to further elicit
mechanisms and outcomes of AKI in the setting of COVID-
19 in a larger sample of patients belonging to different
ethnicities.

Funding

There was no monetary or material support for this
research investigation.

Conflict of interest

None of the authors have any conflicts of interest to
disclose.

References

1. Huang C, Wang Y, Li X, et al. (2020) Clinical features of
patients infected with 2019 novel coronavirus in Wuhan,
China. The Lancet 395(10223): 497-506.

2. Zhou X, Chen K, Zou J (2020) Single-cell RNA-seq data
analysis on the receptor ACE2 expression reveals the
potential risk of different human organs vulnerable to 2019-
nCoV infection. Front Med 14: 185-192.

3. Chu K, Tsang W, Tang C, et al. (2005) Acute renal
impairment in coronavirus-associated severe acute respiratory
syndrome. Kidney Int 67(2): 698-705.

4. Cheng Y, Luo R, Wang K, et al. (2020) Kidney disease is
associated with in-hospital death of patients with COVID-109.
Kidney Int 97(5): 829-838.

5. Guan W, Ni Z, Hu Y, et al. (2020) Clinical characteristics
of coronavirus disease 2019 in China. N Engl J Med 80(6):
656-665.

6. Arentz M, Yim E, Klaff L, et al. (2020) Characteristics
and outcomes of 21 critically ill patients with COVID-19 in
Washington State. JAMA 323(16): 1612-1614.

7. ICNARC Reports (2020).

8. Xu H, Zhong L, Deng J, et al. (2020) High expression of
ACE2 receptor of 2019-nCoV on the epithelial cells of oral
mucosa. Int J Oral Sci 12(1).

9. Li Z, Wu M, Yao J, et al. (2020) Caution on kidney
dysfunctions of COVID-19 patients. Lancet.

10.Ransick A, Lindstrém N, Liu J, et al. (2019) Single-cell
profiling reveals sex, lineage, and regional diversity in the
mouse kidney. Developmental Cell 51(3): 399-413.e7.

11.Su H, Yang M, Wan C, et al. (2020) Renal
histopathological analysis of 26 postmortem findings of
patients with COVID-19 in China. Kidney Int 98(1): 219-227.
12.Carvounis C, Nisar S, Guro-Razuman S (2020)
Significance of the fractional excretion of urea in the

Vol 1(1): 1-5


https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.jinf.2020.03.041
https://doi.org/10.1016/j.jinf.2020.03.041
https://doi.org/10.1016/j.jinf.2020.03.041
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1001/jama.2020.4326
https://www.icnarc.org/Our-Audit/Audits/Cmp/Reports
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.1038/s41368-020-0074-x
https://dx.doi.org/10.2139/ssrn.3559601
https://dx.doi.org/10.2139/ssrn.3559601
https://doi.org/10.1016/j.devcel.2019.10.005
https://doi.org/10.1016/j.devcel.2019.10.005
https://doi.org/10.1016/j.devcel.2019.10.005
https://doi.org/10.1016/j.kint.2020.04.003
https://doi.org/10.1016/j.kint.2020.04.003
https://doi.org/10.1016/j.kint.2020.04.003
https://doi.org/10.1046/j.1523-1755.2002.00683.x
https://doi.org/10.1046/j.1523-1755.2002.00683.x

Pelayo J, Lo KB, Gopalakrishnan A, et al. (2020) Acute Kidney Injury in COVID-19 Patients: A Single Center Experience

in an Inner City Hospital. Nephrol Urol Cur Res 1: 101.

differential diagnosis of acute renal failure. Kidney Int 62(6):
2223-2229.

13.Zhou F, Yu T, Du R, et al. (2020) Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. The Lancet
395(10229): 1054-1062.

14. Zilbermint M, Hannah-Shmouni F, Stratakis C (2019)
Genetics of Hypertension in African Americans and Others of
African Descent. Int J Mol Sci 20(5): 1081.

15.Ferdinand K, Rodriguez F, Nasser S, et al. (2014)
Cardiorenal metabolic syndrome and cardiometabolic risks in
minority populations. Cardiorenal Med 4(1): 1-11.

16. Larsen C, Bourne T, Wilson J, et al. (2020) Collapsing
glomerulopathy in a patient with coronavirus disease 2019
(COVID-19). Kidney Int 98(1): 228-231.

DOI: 10.0000/NUCR.1000101

Nephrol Urol Cur Res

*Corresponding author: Jerald Pelayo MD, Einstein
Medical Center, 5501 OIld York Road, Philadelphia, PA
19141, USA,; e-mail: PelayoJe@einstein.edu

Received date: July 09, 2020; Accepted date: July 30, 2020;
Published date: July 31, 2020

Citation: Pelayo J, Lo KB, Gopalakrishnan A, Rangaswami J
(2020) Acute Kidney Injury in COVID-19 Patients: A Single
Center Experience in an Inner City Hospital. Nephrol Urol
Cur Res 1(1): 101.

Copyright: Pelayo J, Lo KB, Gopalakrishnan A, Rangaswami
J (2020) Acute Kidney Injury in COVID-19 Patients: A
Single Center Experience in an Inner City Hospital. Nephrol
Urol Cur Res 1(1): 101.

Vol 1(1): 1-5


https://doi.org/10.1046/j.1523-1755.2002.00683.x
https://doi.org/10.1046/j.1523-1755.2002.00683.x
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://dx.doi.org/10.3390%2Fijms20051081
https://dx.doi.org/10.3390%2Fijms20051081
https://dx.doi.org/10.3390%2Fijms20051081
https://doi.org/10.1159/000357236
https://doi.org/10.1159/000357236
https://doi.org/10.1159/000357236
https://doi.org/10.1016/j.kint.2020.04.006
https://doi.org/10.1016/j.kint.2020.04.006
https://doi.org/10.1016/j.kint.2020.04.006
mailto:PelayoJe@einstein.edu

