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ABSTRACT

Aims Hospitalised patients with COVID-19 have a
variable incidence of acute kidney injury (AKI) according
to studies from different nationalities. The present
systematic review and meta-analysis describes the
incidence of AKI, need for renal replacement therapy
(RRT) and mortality among patients with COVID-19-
associated AKI.

Methods We systematically searched electronic
database PubMed, SCOPUS and Web of Science to
identify English articles published until 25 May 2020. In
case of significant heterogeneity, the meta-analyses were
conducted assuming a random-effects model.

Results From 746 screened publications, we selected
21 observational studies with 15 536 patients with
COVID-19 for random-effects model meta-analyses. The
overall incidence of AKI was 12.3% (95% Cl 7.3% to
20.0%) and 77% of patients with AKI were critically ill
(95% CI 58.9% to 89.0%). The mortality among patients
with AKl was 67% (95% Cl 39.8% to 86.2%) and

the risk of death was 13 times higher compared with
patients without AKI (OR=13.3; 95% Cl 6.1 to 29.2).
Patients with COVID-19-associated AKI needed for RRT
in 23.4% of cases (95% Cl 12.6% to 39.4%) and those
cases had high mortality (89%—100%).

Conclusion The present study evidenced an incidence
of COVID-19-associated AKI higher than previous meta-
analysis. The majority of patients affected by AKI were
critically ill and mortality rate among AKI cases was high.
Thus, it is extremely important for health systems to be
aware about the impact of AKI on patients’ outcomes
in order to establish proper screening, prevention of
additional damage to the kidneys and adequate renal
support when needed.

INTRODUCTION

Seven months after the first reported case of
COVID-19 in Wuhan, China in December 2019,
we face >10 million cases and a half million deaths
worldwide in 216 countries." SARS-CoV-2 causes
an interstitial and alveolar pneumonia, but in nearly
26% of patients it can lead to a severe disease, with
multiple organ failure.””

It has been shown that nucleocapsid protein
antigen, virions and virus-like particles were present
in proximal tubular cells cytoplasm of postmortem
patients.® 7 Nevertheless, recent studies of native
kidney biopsy in patients with acute kidney injury
(AKI) with or without proteinuria and/or haema-
turia failed to identify viral presence in the kidney
tissue by immunohistochemistry and electron
microscopy.® ° Light microscopy of patients with
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COVID-19 showed mainly acute diffuse tubular
injury, associated with a lower frequency of other
findings such as erythrocyte aggregates obstructing
peritubular capillary lumens and endothelium
injury.®”

The incidence of AKI varies according to
studies among different populations ranging from
0.9% to 29.0% and it is associated with a high
mortality, especially if in combination of respiratory
failure.'""® Besides the direct impact of SARS-CoV2
virulence, other renal insults such as volume deple-
tion, hypoxia, cytokine storm, drug nephrotox-
icity and co-infection with other pathogens might
play a role in the AKI of critically ill patients. This
has posed pressure to healthcare systems due to a
shortage of dialysis staff, equipment and consum-
ables throughout the world.

This study aims to systematically review the inci-
dence of COVID-19-associated AKI, its related risks
factors, need for renal replacement therapy (RRT)
among patients with AKI and mortality according
to current illness severity. Awareness of the real
numbers is paramount because it will help prevent
avoidable AKI cases, promote prompt recognition if
it already occurred and provide adequate manage-
ment of the burden or escalation of care.

MATERIALS AND METHODS

Study protocol and eligibility criteria

This study was conducted according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses and Meta-analysis Of Obser-
vational Studies in Epidemiology guidelines.'* °
PICOS criteria were defined for frequency analysis
studies: patients—adult patients diagnosed with
COVID-19; outcomes—disease severity, survival,
death and RRT; studies—observational studies,
published until 25 May 2020. For mortality analysis
studies: patients—adult patients diagnosed with
COVID-19;  intervention/exposure—hospitalisa-
tion for COVID-19; controls—adult patients who
did not present AKI; outcomes—disease severity,
survival, death and RRT; studies—observational
studies, published until 25 May 2020.

Studies were included if they reported (1)
COVID-19 diagnostic method, and (2) AKI iden-
tification and classification. The exclusion criteria
included: (1) studies with pregnant and postpartum
patients; (2) studies with end-stage renal disease
and/or kidney transplant patients; (3) case reports;
(4) studies without AKI diagnostic according
to Kidney Disease Improving Global Outcomes
(KDIGO) clinical guidelines for AKI or KDIGO
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expanded criteria and (5) studies written in languages other

than English.

Search strategy and data selection

We systematically searched PubMed, SCOPUS and Web of Science
databases with the search terms ‘COVID-19” OR ‘SARS-CoV-2’
OR ‘Coronavirus 2019’ OR 2019-nCoV’ AND ‘Acute Kidney
Injury’ OR ‘Kidney” OR ‘Nephrology” OR ‘Renal Disease’ OR
‘Clinical Characteristics’ OR ‘Clinical Features’. Two investi-
gators worked independently to select which studies should be
included, and the disagreement was resolved by consensus or by
a third investigator.

Data were extracted from the following information from
each study: (1) population characteristics (age, sex, comorbid-
ities and number of patients with and without AKI), (2) study
characteristics (type of study design, countries where studies
were conducted, number of patients, definition and method of
AKI ascertainment) and (3) outcomes (severe cases, critically ill
patients, need for RRT and no-survivors patients).

Quality assessment

The studies were qualitatively evaluated according to the
National Institutes of Health criteria by two investigators who
worked independently."® The choice was based on (1) clear spec-
ification and definition of study population; (2) uniform appli-
cation of prespecified inclusion and exclusion criteria for to all
participants and (3) outcome measures clearly defined, valid,
reliable and implemented consistently across all study partici-
pants. Again, any disagreements were resolved by consensus or
by a third investigator mediation.

Meta-analysis and meta-regression

We analysed the following outcomes: (1) incidence of AKI
among patients with COVID-19; (2) critically ill cases among all
AKI cases; (3) mortality among AKI cases; (4) incidence of RRT
among patients with AKI and (5) risk of death of patients with
AKI compared with patients without AKI. We considered severe
cases, all patents requiring ICU support or patients who were
classified as critical or severe in selected studies.

The heterogeneity between studies sample sizes was expressed
through I measure and 1* statistic (estimated via maximum-
likelihood). A Cochran’s Q test with k-1 df (in which k is the
number of studies included) and with significance level 0=0.10
(exclusively for this test) was conducted to assess if heterogeneity
was significantly different from zero. If so, the heterogeneity was
classified according to the observed I measure: <25%, between
25% and 50%, between 50% and 75% and between 75% and
100% were considered as low, moderate, high and very high
heterogeneity, respectively. In case of significant heterogeneity,
the meta-analyses were conducted assuming a random-effects
model with the Hartung-Knapp adjustment.'” 2

Sensitivity analysis was performed by repeating prevalence esti-
mation following the detection and removal of outliers (studies
with extreme—too low or too high—sample sizes in relation to
the remaining studies) or studies with potential overlapping of
participants. The percentage difference of the estimations before
and after outliers being removed were calculated to assess if our
estimations were robust.

Meta-regressions were performed, each one corresponding
to one meta-analysis. The independent variables were: study
location (China, Poland or the USA), study design (case series,
prospective or retrospective cohorts), study setting (single or
multicentre), median age of patients in years, proportion of
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Figure 1  Flow diagram of the selection process to identify the studies

included in the meta-analysis. AKI, acute kidney injury.

males patients in the sample size and proportion of patients
with certain comorbidities, namely hypertension, other cardio-
vascular diseases, diabetes, chronic pulmonary disease, chronic
kidney disease (CKD) and cancer. These comorbidities were
analysed because they were reported in at least 30% of the
selected studies.

The meta-analysis, outlier detections, sensitivity analysis and
meta-regressions were performed using meta for R software,
V.4.0.1 (R Core Team, Vienna, Austria).21 2

RESULTS

Screening and selection of articles for this systematic review are
represented as a flow diagram (figure 1). The main characteris-
tics and outcomes of the 21 included studies (15536 patients)
are summarised in tables 1 and 2.

The meta-analysis showed an incidence of AKI associ-
ated with COVID-19 of 12.3% (95% CI=7.3% to 20.0%;
Cochran’s Q=839.6 with 20 df, p<0.001; I°’=97.6%and
1*=1.42). This meta-analysis included all selected studies
(k=21) (figure 2)." 7 %! We detected six outliers among those:
Guan et al’; Du et al*’; Cheng et al**; Hirsch et al*; Rich-
ardson et al** and Li ef al.*® Repeating the meta-analysis without
those, we obtained an estimation of 11.0% (95% CI=7.6% to
15.7%; Cochran’s Q=86.0 with 14 df; p<0.001; ’=83.7%and
1*=0.35), resulting in a percentage variation of about 10%,
which indicates that our meta-analysis was deemed robust against
outliers or potential overlapping of individual participants.

Among all AKI cases, we found that 77.3% were critically ill
patients (95% CI 58.9% to 89.0%; Cochran’s Q=32.7 with 9
df; p=0.002; ’=72.5%and t*=0.80) (figure 3). We detected
a single outlier in this subset: Hirsch et al.'> Repeating the
meta-analysis without this study, we obtained an estimation of
80.6% (95% CI 63.1% to 90.9%; Cochran’s Q=13.5 with 8 df;
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Table 1  Characteristics of the 21 included studies with patients with COVID-19
Demographics Comorbidities
Male HTN CcvD DM CKD sCr
Study Country  Study design N Age N (%) N (%) N (%) N (%) N (%) (pmoliL)
Chen et al*® China Retrospective single-centre 274 62.0 (44.0-70.0) 171 (62.4) 93 (33.9) 24 (8.8) 47(17.2) 4(1.5) 76.0 (58.0-94.0)
Guan et al® China Multicentre retrospective 1099  47.0(35.0-58.0) 640 (58.2) 165 (15.0) 27 (2.5) 81(7.4) 9(0.7) -
Yang et al’ China Retrospective single centre 52 59.7+13.3 35(67.3) - 5(9.6) 9(17.3) - -
Zhou et a® China Retrospective two-centre 191 56.0 (46.0-67.0) 119 (62.3) 58 (30.4) 15(7.9) 36(18.8) 2(1.0) -
Du et al*® China Retrospective two-centre 85  65.8+14.2 62 (72.9) 32 (37.6) 10(11.8) 19 (22.4) 3(3.5) 113.7+149.7
Huang et al® China Prospective single-centre 41 49.0 (41.0-58.0) 30(73.2) 6(14.6) 6(14.6) 8(19.5) - -
Cai et af" China Retrospective single-centre 298 47.5 (33.0-61.0) 145 (48.7) 47 (15.8) 25 (8.4) 18 (6.0) - -
Cheng et al*® China Prospective single-centre 701 63.0(50.0-71.0) 367 (52.5) - - - - 74.2 (57.5-85.7)
Lei et a/® China Retrospective single-centre 34 55.0 (43.0-63.0) 14 (41.2) 13(38.2) 7 (20.6) 8(23.5) 1 87.0 (37.0-1066.0)
(2.9)
Wang et a/*® China Retrospective single-centre 138 56.0 (42.0-68.0) 75 (54.3) 43 (31.2) 20 (14.5) 14(10.1) 4(2.9) 57.4
(46.6-64.0)
Wang et a/*’ China Prospective single-centre 339 69.0 (65.0-76.0) 166 (49.0) 138 (40.7) 53 (15.6) 54 (15.9) 13 (3.8) 72.0 (60.0-87.0)
Hirsch et al" USA Retrospective multicentre 5449  64.0 (52.0-75.0) 3317 (60.9) 3037 (55.7) 949 (17.4) 1797 (33.0) - 61.0 (50.0-76.0)
Nowak et af*® Poland Retrospective single-centre 169  63.7£19.6 87 (51.5) 24(14.2) 4(2.4) 8(4.7) 2(1.2) -
Zheng et a*® China Retrospective single-centre 34 66.0(58.0-76.0) 23 (67.6) 24 (70.6) 4(11.8) 8(23.5) 2(9 -
Wang et a*° China Retrospective single-centre 107  51.0 (36.0-65.0) 57 (53.3) 18 (16.8) - 3(2.8) 3(2.8) 84.0 (67.0-104.0)
Yuet al’! China Prospective multicentre 226 64.0 (57.0-70.0) 139 (61.5) 96 (42.5) 32(14.2) 47 (20.8) 8 (3.5 71.0 (60.0-86.0)
Richardson et a/** USA Retrospective Multicentre 5700  63.0 (52.0-75.0) 3437 (60.3) 3026 (53.1) 966 (16.9) 1808 (31.7) 268 (4.7) 64.2 (49.0-111.6)
Pei et al”® China Retrospective single-centre 333  56.3%13.4 182 (54.7) 107 (32.1) - 76 (22.8) - -
Li et al’® China Retrospective single-centre 54  61.8+14.5 34 (63.0) 15 (27.8) 7 (13.0) 7 (13.0) - 70.0 (57.0-84.0)
Yao et al'’ China Retrospective single-centre 108 52.0 (37.0-58.0) 43 (39.8) 16 (14.8) 4(3.7) 5 (4.6) - 79.6 (67.1-95.1)
Qiu et al* China Retrospective two-centre 104  43.0+7.5 49 (47.1) = = = = 66.1+17.9

CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; HTN, hypertension; sCr, serum creatinine.

p=0.096; [*=40.6%and 1°=0.45), resulting in a low percen-
tual variation of about 4%. Thus, the analysis remained with all

studies included.

RRT was needed in 23.4% of AKI cases (95%CI 12.6% to
39.4%j; Cochran’s Q=140.6 with 13 df; p<0.001; [*=90.8% and
1=1.01) (figure 4). We detected a single outlier among this

Table 2 Outcomes of the 21 included studies with patients with COVID-19

AKI Mortality
AKI RRT AKI RRT

ICU/Severe patients AKI RRT ICU ICU Overall mortality mortality
Study Country N N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Chen et aP® China 2714 — 29 (10.6) 3(1.1) - - 161 (58.8) 28 (96.6) 3(100.0)
Guan et a/*® China 1099 173 (15.7) 6(0.5) - - - 15 (1.4) - -
Yang et al’’ China 52 52 (100.0) 15 (28.8) 9(17.3) - = 32 (61.5) 12 (80.0) 8 (88.9)
Zhou et al® China 191 50 (26.2) 28(147) - - - 54 (28.3) 27(96.0) -
Du et af*® China 85 - 48 (56.5) 8(9.4) - - 85(100.0)0 - 8(100.0)
Huang et al*® China a 13(31.7) 3(7.3) 3(7.3) 3(23.1) 3(23.1) 6 (14.6) - -
Cai et al"! China 298 88 (29.5) 17 (5.7) 4(13) - - 3(1.0) - -
Cheng et al®® China 701 73 (10.4) 36 (5.1) - - - 113 (16.1) - -
Lei et al™ China 34 15 (44.1) 2(5.9) 1(2.9) 2(13.3) 1(6.7) 7 (20.6) - -
Wang et al*® China 138 36 (26.1) 5(3.6) 2(1.4) 3(8.3) 2 (5.6) 6(4.3) - -
Wang et a/’’ China 339 239 (70.5) 27 (8.0) - - - 65 (19.2) 17 (62.9) -
Hirsch et al'® USA 5449 1395 (25.6) 1993 (36.6)  285(5.2) 1060 (76.0)  276(19.8)  888(16.3) 694 (34.8) -
Nowak et a/*® Poland 169 27 (16.0) 17 (10.1) 1(06) - - 46 (27.2) 10 (58.8) 1(100.0)
Zheng et al” China 34 34 (100.0) 7 (20.6) 5(14.7) 6 (40.0) 4(26.7) 0(0.0) - -
Wang et al*® China 107 - 14(13.1) - - - 19 (17.8) 14(100.0) -
Yu et al*' China 226 226 (100.0) 57 (25.2) 24.(10.6) 57 (25.2) 24 (10.6) 87 (38.5) - -
Richardson et a/** USA 5700 373 (6.5) 1370 24.0) 225(33.9) - - 553 (9.7) 347 (253)  78(96.0)*
Pei et a/”® China 333 189 (56.8) 35(10.5) 6(1.8) 24(429) - 29 (8.7) 20(57.1) -
Li et al’ China 54 54 (100.0) 29(53.7) - = = 6(11.1) = =
Yao et al'’ China 108 25 (23.1) 16 (14.8) 109 - - 12 (11.1) 7 (43.8) 1(100.0)
Qiu et aP* China 104 25 (24.0) 2(1.9) - - - 1(1.0) - -

*78 deaths among 81 patients discharged alive or dead; 144 RRT patients remained in hospital.
AKI, acute kidney injury; ICU, intensive care unit; RRT, renal replacement therapy.
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Study, Location AKIl cases Sample size

AKI Incidence 95% Cl Weight

Tao Chen et al., 2020, China 29 274 —°- 0.11 [0.07;0.15] 5.0%
W. Guan et al., 2020, China 6 1099 0.01 [0.00;0.01] 4.6%
Xiaobo Yang et al., 2020, China 15 52 P 0.29 [0.17;043] 4.8%
Fei Zhou et al., 2020, China 28 191 — 0.15 [0.10;0.20] 5.0%
Yingzhen Du et al., 2020, China 48 85 — 0.56 [0.45;0.67] 5.0%
Chaolin Huang et al., 2020, China 3 41 —+—— 0.07 [0.02;0.20] 4.1%
Qingxian Cai et al., 2020, China 17 298 0.06 [0.03;0.09] 4.9%
Yichun Cheng et al., 2020, China 36 701 0.05 [0.04;0.07] 5.0%
Shaoqing Lei et al., 2020, China 2 34 —+—— 0.06 [0.01;0.20] 3.7%
Dawei Wang et al., 2020, China 5 138 =+ 0.04 [0.01;0.08] 4.5%
Lang Wang et al., 2020, China 27 339 = 0.08 [0.05;0.11] 5.0%
Jamie S. Hirsch et al., 2020, USA 1993 5449 0.37 [0.35;0.38] 5.1%
Blazej Nowak et al., 2020, Poland 17 169 = 0.10 [0.06;0.16] 4.9%
Yi Zheng et al., 2020, China 7 34 0.21 [0.09;0.38] 4.6%
Dawei Wang et al.,2020, China 14 107 —— 0.13 [0.07;0.21] 4.9%
Yuan Yu et al., 2020, China 57 226 . 0.25 [0.20;0.31] 5.1%
Safiya Richardson et al., 2020, USA 1370 5700 0.24 [0.23;0.25] 5.1%
Guangchang Pei et al., 2020, China 35 333 = 0.11 [0.07;0.14] 5.0%
Yanlei Li et al., 2020, China 29 54 e 0.54 [0.40;0.67] 4.9%
Qingchun Yao et al., 2020, China 16 108 —— 0.15 [0.09;0.23] 4.9%
Chengfeng Qiu et al., 2020, China 2 104 = 0.02 [0.00;0.07] 3.8%
Random effects model 3756 15536 < 0.12 [0.07; 0.20] 100.0%
Prediction interval [0.01; 0.65]
Heterogeneity: 12 = 98%, t° = 1.4231, p < 0.01 I T T T T !
0 02 04 06 08 1

Figure 2  Forest plot for the incidence of acute kidney injury (AKI) cases in patients with COVID-19.

subset: Richardson et al.>* Repeating the meta-analysis without

this study, we obtained an estimation of 26.4% (95% CI 14.7%
t0 42.8%; Cochran’s Q=66.6 with 12 df; p<0.001; *=82% and
12=0.72), resulting in a percentage variation of 13%. As it was
not significant, our original meta-analysis was deemed robust.
The overall mortality among AKI cases was 67.0% (95% CI
39.8% to 86.2%, Cochran’s Q=111.8 with 9 df; p<0.001;
*=91.9%and 1*=1.55) (figure 5). We detected two outliers
among this subset: Hirsch ez al and Richardson et al.’® 3*
Repeating the meta-analysis without those, we obtained an esti-
mation of 75.7% (95% CI 49.1% to 91.0%; Cochran’s Q=23.3
with 7 df; p=0.002; ’=70.0%and t>=0.98), resulting in a
percentage variation of 13%. Again, the variation was consid-
ered small and these studies were included in the meta-analysis.
The meta-analysis of AKl-associated mortality risk showed
that patients with AKI had 13 times more risk of dying when
compared with patients without AKI (OR=13.3. 95%CI 6.1 to
29.2; Cochran’s Q=21.2 with 7 df; p=0.004; [*=66.9%and
1*=0.27) (figure 6). No outliers were detected in this analysis.
All multivariate meta-regression analyses did not reveal asso-
ciation between any of the evaluated variables, namely hyperten-
sion, chronic cardiovascular disease, diabetes, chronic pulmonary
disease, CKD and cancer with the outcomes (table 3). However,
older age was associated with increased prevalence of AKI cases

Study, Location Severe cases AKIl cases

W. Guan et al., 2020, China 5 6
Chaolin Huang et al., 2020, China 3 3
Qingxian Cai et al., 2020, China 13 17
Shaoging Lei et al., 2020, China 2 2
Dawei Wang et al., 2020, China 3 5
Jamie S. Hirsch et al., 2020, USA 1060 1993
Yi Zheng et al., 2020, China 7 7
Yuan Yu et al., 2020, China 57 57
Guangchang Pei et al., 2020, China 30 35
Qingchun Yao et al., 2020, China 9 16
Random effects model 1189 2141
Prediction interval

Heterogeneity: /12 = 72%, 1> = 0.7970, p < 0.01

among coronavirus-infected patients only in the univariate meta-
regression analysis (p=0.005).

DISCUSSION

Our meta-analysis analysed 21 observational studies about
clinical characteristics and outcomes of 15739 patients with
COVID-19. We found an AKI incidence of 12.3% in hospital-
ised patients, higher than the incidence calculated in previous
meta-analysis.**™** Conversely, other studies have shown a lower
incidence of AKI. Ng et al evaluated nine studies with a total of
2702 patients and evidenced a pooled incidence rate of AKI of
3% (95% CI 1.0 to 7.0).** Similarly, Yang et al found an AKI
incidence of 4.5% (95% CI 3.0 to 6.0) in a meta-analysis of 17
studies with 3968 patients.*” Another meta-analysis including 20
studies and 6945 patients from China, Italy, the UK and the USA
showed an AKI incidence of 8.9% (95% CI 4.6 to 14.5).*

The higher incidence of AKI in our meta-analysis can be
explained by the heterogeneity of the evaluated populations.
In previous meta-analysis, >95% of patients were Chinese** **;
whereas in the present study <30% of patients were from China
and around 70% of patients were from the USA, with similar
proportion of black, white and other races. Studies from the
USA had higher rates of AKI risk factors, such as hypertension,

Incidence  95% Cl Weight

— 0.83 [0.36;1.00] 7.7%

—_— 1.00 [0.29;1.00] 5.0%

—a— 0.76 [0.50;0.93] 13.7%

: 1.00 [0.16;1.00] 4.8%

0.60 [0.15;0.95] 9.4%

0.53 [0.51;0.55] 19.2%

—_— 1.00 [0.59;1.00] 5.2%

— 1.00 [0.94;1.00] 5.5%

— 0.86 [0.70;0.95] 14.9%

— 0.56 [0.30;0.80] 14.6%

_— 0.77 [0.59; 0.89] 100.0%

[0.27; 0.97]

I T T T T l
0O 02 04 06 08 1

Figure 3  Forest plot for the incidence of severe cases among patients with acute kidney injury (AKI) associated with COVID-19.
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Study, Location Hemodialysis AKI cases

Hemodialysis Incidence 95% Cl Weight

Tao Chen et al., 2020, China 3 29 —— 0.10 [0.02;0.27] 7.6%
Xiaobo Yang et al., 2020, China 9 15 I p— 0.60 [0.32;0.84] 8.1%
Yingzhen Du et al., 2020, China 8 48 —— 0.17 [0.07;0.30] 9.0%
Chaolin Huang et al., 2020, China 3 3 —— & 1.00 [0.29;1.00] 3.2%
Qingxian Cai et al., 2020, China 4 17 —— 0.24 [0.07;0.50] 7.8%
Shaoqing Lei et al., 2020, China 1 2 0.50 [0.01;0.99] 3.5%
Dawei Wang et al., 2020, China 2 5§ ————&——— 0.40 [0.05;0.85] 5.7%
Jamie S. Hirsch et al., 2020, USA 285 1993 0.14 [0.13;0.16] 10.3%
Blazej Nowak et al., 2020, Poland 1 17 +—— 0.06 [0.00;0.29] 5.0%
Yi Zheng et al., 2020, China 5 7 _— 0.71 [0.29;0.96] 6.1%
Yuan Yu et al., 2020, China 24 57 —a 0.42 [0.29;0.56] 9.7%
Safiya Richardson et al., 2020, USA 81 1370 0.06 [0.05;0.07] 10.2%
Guangchang Pei et al., 2020, China 6 35 — 0.17 [0.07;0.34] 8.6%
Qingchun Yao et al., 2020, China 1 16 —+——— 0.06 [0.00;0.30] 5.0%
Random effects model 433 3614 S 0.23 [0.13; 0.39] 100.0%
Prediction interval e — [0.03; 0.76]
Heterogeneity: /2 = 91%, t* = 1.0054, p < 0.01 I T J T J !
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Figure 4 Forest plot for the incidence of renal replacement therapy among patients with acute kidney injury (AKI) associated with COVID-19.

diabetes, older age and more severe cases with respiratory
failure and need of vasopressors, when compared with Chinese
studies.'® 3 Moreover, it has been shown that there is some
variability in genetic expression of the ACE2 that may partially
explain the differences in susceptibility or severity to COVID-19
among races (eg, between Chinese and white Americans), but
not between sex.* The ACE2 is mostly expressed in the kidneys
and in the gut, and to a lesser extent in the pneumocytes 2, in
the lungs and in the peripheral blood; it cleaves peptides and
the ACE2 receptor is used by SARS-CoV2 to enter the cells.*®
The SARS-CoV2 also targets the ACE2 receptor in the CD4
*and CD8™ T cells, leading to interleukins release, cell death and
lymphopenia, which is a marker of aggressive disease.*®

Severity of COVID-19 is closely associated with AKL**** In
our meta-analysis, 77% of patients with AKI were critically ill
and the incidence of AKI among critically ill patients ranged
from 8% to 76% among the studies. Yang et al showed an
AKI incidence in critically ill cases of 36% (95% CI 14.6% to
58.5%), higher than an AKI incidence of 2.8% (95% CI 1.4 to
4.2) in severe cases and 1.3% (95% CI 0.2% to 2.4%) in mild
to moderate cases. In addition, the risk of AKI was 1.8 times
greater in severe patients, compared with non-severe patients
(95%CI 1.21 to 2.41, p<0.010).** Temporally, severe COVID-
19-associated AKI usually occurs close to respiratory failure and
mechanic ventilation. The majority of patients under RRT are
mechanically ventilated, which denotes the important cross-
talking between these organs.”® The cytokine storm observed in
severe cases is also in a temporal proximity to the respiratory
failure and contributes to the prothrombotic milieu that reduces
vital organs perfusion.

Study, Location Deaths AKI cases

Urinalysis in early AKI cases showed that around 40% of cases
had =2+ proteinuria and >35 red blood cells per high-power
field, denoting parenchymal damage rather than a reversible
acute kidney dysfunction."® Analysis of kidney specimens from
autopsy of patients with COVID-19-associated AKI showed
predominant tubular lesion, with vacuole degeneration, loss of
luminal brush border and severe acute tubular necrosis, associ-
ated with a prominent expression of ACE2 in proximal tubular
cell. In addition, immunohistochemistry detected SARS-COV-2
antigen in kidney tubules and virus particles were detected in
the renal tubular epithelium and podocytes by transmission elec-
tronic microscopy.® 7 In contrast to these findings, subsequent
studies evaluated kidney biopsies of patients with COVID-19-
associated AKI with or without proteinuria and/or haematuria
and found no evidence of SARS-COV-2 by immunohistochemical
staining and electronmicroscopy ultrastructural examination.®®
Rossi et al also evaluated viral genetic material in renal tissue,
urine and serum by real-time PCR and did not find SARS-COV-2
RNA.Y

In addition to the tubular lesion, erythrocyte aggregates
obstructing peritubular capillary lumens and endothelium activa-
tion were described in optic microscopy revealing the prothrom-
botic status that is often observed in severe cases of COVID-19.°
The COVID-19-related immunothrombosis is due to the macro-
phage activation and cytokine storm leading to elevated C reac-
tive protein, ferritin and D-dimer levels, which are correlated to
worse outcomes.*®* Thus, the probable mechanisms of COVID-
19-associated AKI is the tubular lesion caused by hypoxia, hypo-
tension, cytokine storm and hypercoagulable state usually seen
in critically ill patients with concomitant multiple organs failure.

Death Incidence 95% Cl Weight

Tao Chen et al., 2020, China 28 29 ! — 0.97 [0.82;1.00] 7.5%
Xiaobo Yang et al., 2020, China 12 15 — 0.80 [0.52;0.96] 9.9%
Fei Zhou et al., 2020, China 27 28 —= 0.96 [0.82;1.00] 7.5%
Lang Wang et al., 2020, China 17 27 — 0.63 [0.42;0.81] 11.4%
Jamie S. Hirsch et al., 2020, USA 694 1993 : 0.35 [0.33;0.37] 12.5%
Blazej Nowak et al., 2020, Poland 10 17 — 0.59 [0.33;0.82] 10.8%
Dawei Wang et al.,2020, China 14 14 —_— 1.00 [0.77;1.00] 5.4%
Safiya Richardson et al., 2020, USA 347 1370 0.25 [0.23;0.28] 12.5%
Guangchang Pei et al., 2020, China 20 35 — 0.57 [0.39;0.74] 11.7%
Qingchun Yao et al., 2020, China 7 16 — 0.44 [0.20;0.70] 10.8%
Random effects model 1176 3544 —_— 0.67 [0.40; 0.86] 100.0%
Prediction interval [0.08; 0.98]
Heterogeneity: 12 = 92%, % = 1.5535, p < 0.01 f T T T T !
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Figure 5 Forest plot for mortality associated with acute kidney injury (AKI) in patients with COVID-19.
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AKI Non-AKI
Study, Location Deaths Total Deaths Total Odds Ratio OR 95%-Cl Weight
Tao Chen et al., 2020, China 28 29 85 245 —_— 52.71 [7.05; 394.12] 5.2%
Xiaobo Yang et al., 2020, China 12 15 20 37 340 [0.82; 14.08] 8.6%
Fei Zhou et al., 2020, China 27 28 27 163 —+—— 136.00 [17.72; 1044.04] 5.1%
Lang Wang et al., 2020, China 17 28 48 311 B 847 [3.74; 19.20] 15.3%
Jamie S. Hirsch et al., 2020, USA 694 1213 194 2955 19.03 [15.82; 22.89] 24.2%
Blazej Nowak et al., 2020, Poland 10 17 36 152 —~— 460 [1.63; 12.97] 12.4%
Safiya Richardson et al., 2020, USA 347 523 206 2111 18.23 [14.47; 22.98] 23.8%
Qingchun Yao et al., 2020, China 7 9 5 16 7.70 [1.16; 51.17] 5.7%
Random effects model 1142 1862 621 5990 < 13.33 [6.08; 29.23] 100.0%
Prediction interval — [2.92; 60.79]
Heterogeneity: /2 = 67%, 12 = 0.2744, p < 0.01 f T T !
0.001 01 1 10 1000

Figure 6 Forest plot for mortality risk among patients with acute kidney injury (AKI) associated with COVID-19.

Besides age, our meta-regression could not identify significant
risk factors for AKI. Most of the selected studies were descrip-
tive, did not focus AKI as a main outcome or did not have multi-
variable analysis in this regard. However, the second largest
study from the meta-analysis, with >5000 patients, found that
older age, black ethnicity, hypertension, diabetes and cardiovas-
cular disease were risk factors for AKI in the adjusted analysis.'?

Patients with AKI associated with COVID-19 had higher risk
of death compared with non-AKL**** In our meta-analysis, the
overall mortality among patients with AKI was 67%. More-
over, patients with AKI had 13 times higher risk of dying when
compared with patients without AKI associated with COVID-
19. Similarly, it has been shown that the risk increases according
to AKI severity (AKI stage 1=1.90; AKI stage 2=3.51; AKI
stage 3=4.38).2* Moreover, all AKI stages were independent
risk factors for in-hospital death, even after adjusting for age,
sex, disease severity, comorbidity and leucocyte count.** A
meta-analysis comparing non-survivors with survivors showed
a higher incidence of AKI (52.9% vs 0.7%) and RRT (15.6%

vs 0.4%) among non-survivors. In addition, RRT was indicated
in 5.6% of severe patients and 0.4% of non-severe patients.*
In our study, RRT was required in 23% of patients with AKI
and mortality among RRT patients ranged from 89% to 100%
between selected studies.'” 28 32333739

The main limitation of this study is the retrospective design of
most selected studies. Some studies did not analyse covariates or
risk factors for AKI; and the majority had no data about patients’
baseline glomerular filtration rate or CKD history, which are
important predictors of AKI occurrence. Additionally, most
patients were from the USA and China, and a small amount from
Poland, which does not preclude a global sample. The hetero-
geneity between studies was high, therefore, all analyses were
interpreted according to a random-effects model.

In conclusion, despite SARS-CoV-2 being a predominantly
respiratory virus, it can often damage the kidneys, probably by
hypoxia, hypotension, cytokine storm and hypercoagulable state
found in critically ill patients. Our findings showed a higher inci-
dence of AKI in hospitalised patients with COVID-19 compared

Table 3 Meta-regression modelling risk of COVID-19-associated AKI

Coefficient 95% Cl
Variable Coefficient Lower bound Upper bound P value
(Intercept) —7.1298 —27.825 13.5654 0.393
Study design Case series Reference - - -
Prospective 3.9234 —-9.0058 16.8527 0.4469
Retrospective 4.8177 —-7.3411 16.9764 0.333
Study setting Multicentre Reference - - -
Single centre -0.0597 -3.1023 2.983 0.9592
Location China Reference = = =
Poland —-0.774 —-5.6628 4.1147 0.6829
USA 1.5444 -5.1826 8.2714 0.5585
Median age in years 0.1119 —-0.1747 0.3985 0.3392
Proportion of males —5.7066 —-30.6097 19.1964 0.5592
AKI diagnostic criteria eGFR (CKD) Reference - - -
KDIGO —-3.4725 -10.7691 3.8242 0.2569
KDIGO Expanded Criteria -5.6275 —17.4334 6.1783 0.2563
Serum creatinine -1.5829 —12.4894 9.3236 0.7076
Comorbidities Proportion of people with hypertension -12.7624 —41.2774 15.7526 0.2819
Proportion of people with any CVD -12.511 —83.395 58.3729 0.6498
Proportion of people with diabetes 29.8351 —41.7105 101.3807 0.3114
Proportion of people with COPD 7.8958 —98.6438 114.4353 0.847
Proportion of people with CKD 77.4441 —139.5486 294.4367 0.3778
Proportion of people with cancer -5.5262 —61.8269 50.7746 0.7987

AKI, acute kidney injury; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate;

KIDGO, Kidney Disease Improving Global Outcomes.
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with previous meta-analysis; a close association of AKI with
disease severity and high mortality among all patients with AKI,
especially for patients on RRT. Thus, healthcare systems should
be aware of kidney impairment in COVID-19 by screening and
monitoring the cases and be prepared to deliver prompt renal
care for those who need it.

Take home messages

» Meta-analysis of 21 studies with 15 536 patients with
COVID-19.

» Incidence of COVID-19-associated acute kidney injury (AKI)
was 12.3% and 77% of patients with AKI were critically ill.

» The risk of death was 13 times higher in patients with COVID-
19-associated AKI compared with patients without AKI.

» High mortality among renal replacement therapy patients
(89%—100%).

Handling editor Tahir S Pillay.
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