. eprints@whiterose.ac.uk
= Whlte Rose https://eprints.whiterose.ac.uk

Qo o
w) ReseCerh On"ne Universities of Leeds, Sheffield and York

Deposited via The University of Sheffield.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/183501/

Version: Published Version

Article:

Sullivan, MK, Lees, JS, Drake, TM et al. (2022) Acute kidney injury in patients hospitalized
with COVID-19 from the ISARIC WHO CCP-UK Study : a prospective, multicentre cohort
study. Nephrology Dialysis Transplantation, 37 (2). pp. 271-284. ISSN: 0931-0509

https://doi.org/10.1093/ndt/gfab303

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

C3 ; % UNIVERSITY
ﬁ \‘Eﬁ’/ University of by,

UNIVERSITY OF LEEDS S Sheffield



mailto:eprints@whiterose.ac.uk
https://doi.org/10.1093/ndt/gfab303
https://eprints.whiterose.ac.uk/id/eprint/183501/
https://eprints.whiterose.ac.uk/

Nephrol Dial Transplant (2022) 37: 271-284
https://doi.org/10.1093/ndt/gfab303
Advance Access publication date 18 October 2021

Acute kidney injury in patients hospitalized with COVID-19
from the ISARIC WHO CCP-UK Study: a prospective,
multicentre cohort study

Michael K. Sullivan @', Jennifer S. Lees ®', Thomas M. Drake?, Annemarie B. Docherty?, Georgia Oates?,
Hayley E. Hardwick?, Clark D. Russell®, Laura Merson®, Jake Dunning’, Jonathan S. Nguyen-Van-Tam®,
Peter Openshaw’, Ewen M. Harrison?, J. Kenneth Baillie!®, ISARIC4C Investigators',

Malcolm G. Semple ®**, Antonia Ho ®@!'!* and Patrick B. Mark ®'*

!nstitute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, UK, *Centre for Medical Informatics, Usher Institute,
University of Edinburgh, Edinburgh, UK, *Edinburgh Medical School, University of Edinburgh, Edinburgh, UK, “HPRU in Infection and
Emerging Diseases, Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool, UK, >Centre for Inflammation Research,
University of Edinburgh, Edinburgh, UK, *ISARIC Global Support Centre, University of Oxford, Oxford, UK, ”Centre for Tropical Medicine
and Global Health, University of Oxford, Oxford, UK, 8Division of Epidemiology and Public Health, University of Nottingham, Nottingham,
UK, °National Heart and Lung Institute, Imperial College London, London, UK, ’Roslin Institute, University of Edinburgh, Edinburgh, UK
and ' Medical Research Council-University of Glasgow Centre for Virus Research, Glasgow, UK

*Indicates joint senior authors.

HISARICA4C Investigators are listed in the supplementary data: https://isaric4c.net/about/authors/

Study registration ISRCTN66726260. The ISARIC WHO CCP-UK study was registered at
https://www.isrctn.com/ISRCTN66726260 and designated an Urgent Public Health Research Study by NIHR.

Correspondence to: Michael K. Sullivan. E-mail: michael.sullivan@glasgow.ac.uk

© The Author(s) 2021. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any
medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

@)
=
2
Z
5
-
=
=
@)
=
o



https://doi.org/10.1093/ndt/gfab303
https://orcid.org/0000-0002-3800-2330
https://orcid.org/0000-0001-6331-0178
https://orcid.org/0000-0001-9700-0418
https://orcid.org/0000-0003-1465-3785
https://orcid.org/0000-0003-3387-2123
https://isaric4c.net/about/authors/
https://www.isrctn.com/ISRCTN66726260
mailto:michael.sullivan@glasgow.ac.uk
https://creativecommons.org/licenses/by/4.0/
journals.permissions@oup.com

GRAPHICAL ABSTRACT

Prospective
cohort

Acute kidney injury is the commonest
Buckground complication in COVYID-19 and is associated

with an increased risk of mortality

Methods Resulis
s=ye=  Multi-centre
Zalw=  N=254 hospitals, United Kingdom
# % Participant @ f
pants -
b = Adults hospitalised with COVID-19 ) d
Outcomes Risk
* Biochemical acute kidney injury factors ﬁ
(AKI; KDIGO stages 1, 2 or 3) @K\
* Kidney replacement therapy (KRT) W

* 28-day mortality

Statistical analysis
* Logistic regression
* Stratified by critical care admission

Outcome

Acute kidney injury in patients hospitalised with COVID-19 from
the ISARIC WHO Clinical Characterisation Protocol UK Study

ISARIC WHO CCP-UK is the largest
prospective cohort study of kidney outcomes

in patients hospitalised with COVID-19

Biochemical AKI KRT
N=13 000/41 294 (31.5%) N=2198/85 687 (2.6%)
Pre-existing : .
CKD 3-5 1.66 (1.57-1.78) 3.41 (3.06-3.81)
Male sex 1.29(1.23-1.35) 2.43 (2.18-2.71)
Black race 1.44 (1.28-1.61) 2.17 (1.79-2.63)
Respiratory ¥y >
B 1.68 (1.56-1.81) 1.63 (1.43-1.86)
Odds ratios (95% Cl) adjusted for AKI risk factors and COVID-19 illness severity
Stage1 Stage2 Stage3 KRT
28-day
mortality 1.58 2.41 3.50 3.06
(1.49-1.67) (2.20-2.64) (3.14-391) (2.75-3.39)

AKIl is common and associated with mortality in adults hospitalised with COVID-19. Although rates

Conclusion

of AKI have fallen from the early months of the pandemic, high-risk patients should have their kidney

function and fluid status monitored closely.

ABSTRACT

Background. Acute kidney injury (AKI) is common in
coronavirus disease 2019 (COVID-19). This study investigated
adults hospitalized with COVID-19 and hypothesized that risk
factors for AKI would include comorbidities and non-White
race.

Methods. A prospective multicentre cohort study was
performed using patients admitted to 254 UK hospitals with
COVID-19 between 17 January 2020 and 5 December 2020.
Results. Of 85687 patients, 2198 (2.6%) received acute kidney
replacement therapy (KRT). Of 41294 patients with biochem-
istry data, 13000 (31.5%) had biochemical AKI: 8562 stage 1
(65.9%), 2609 stage 2 (20.1%) and 1829 stage 3 (14.1%). The
main risk factors for KRT were chronic kidney disease (CKD)
[adjusted odds ratio (aOR) 3.41: 95% confidence interval 3.06-
3.81], male sex (aOR 2.43:2.18-2.71) and Black race (aOR 2.17:
1.79-2.63). The main risk factors for biochemical AKI were
admission respiratory rate >30 breaths per minute (aOR 1.68:
1.56-1.81), CKD (aOR 1.66: 1.57-1.76) and Black race (aOR
1.44:1.28-1.61). There was a gradated rise in the risk of 28-day
mortality by increasing severity of AKI: stage 1 aOR 1.58 (1.49-
1.67), stage 2 aOR 2.41 (2.20-2.64), stage 3 aOR 3.50 (3.14-
3.91) and KRT aOR 3.06 (2.75-3.39). AKI rates peaked in April
2020 and the subsequent fall in rates could not be explained by
the use of dexamethasone or remdesivir.
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Conclusions. AKI is common in adults hospitalized with
COVID-19 and it is associated with a heightened risk of
mortality. Although the rates of AKI have fallen from the early
months of the pandemic, high-risk patients should have their
kidney function and fluid status monitored closely.

Keywords: acute kidney injury, COVID-19, dialysis, renal
failure, SARS-CoV-2

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has had a major impact on global health. Although
coronavirus disease 2019 (COVID-19) produces primarily
pulmonary damage (acute respiratory distress syndrome—
ARDS), acute kidney injury (AKI) is common [1], ranging
from minor biochemical changes in serum creatinine to
requirement for kidney replacement therapy (KRT: dialysis or
haemofiltration).

As infection rates accelerated in New York in March
2020, there were reports of AKI in 37% of hospitalized
patients [2-4], substantially higher than reports from China
(<5%) [5, 6]. Given that KRT resources are finite, additional
strategies were planned in some areas [7], including acute
peritoneal dialysis [8]. However, AKI rates among patients with
COVID-19 have fallen as the pandemic has unfolded, perhaps

MK Sullivan et al.



KEY LEARNING POINTS

What is already known about this subject?

o Acute kidney injury (AKI) is the most common complication in COVID-19 and it is associated with an increased risk of
mortality.

o Studies from early in the pandemic identified risk factors for COVID-AKI: male sex, older age, Black race, diabetes, chronic
kidney disease (CKD), hypertension, heart disease and obesity.

o This is the largest prospective cohort study of kidney outcomes in patients hospitalized with COVID-19 with data over the
course of 2020 and it includes valuable information on illness severity, race and COVID-19 specific medications.

What this study adds?

o Patients from minority ethnic backgrounds are at heightened risk of COVID-AKI and comorbidities like diabetes and
CKD play important roles in their risk profiles.

o COVID-AKI has become less common since the first wave of the pandemic, but this is not linked to the use of
dexamethasone or remdesivir.

What impact this may have on practice or policy?

o Although the rates of COVID-AKI have fallen from the first wave of the pandemic, it remains common, particularly in
patients with CKD, patients with severe COVID-19 illness and patients of Black race.

o Given the link between COVID-AKI and mortality, clinicians should monitor the fluid balance and kidney function of
patients with COVID-19 and intervene early if AKI occurs.

due to improvements in treatment, changes in practice or some
other factors. Several mechanisms of AKI in COVID-19 have
been postulated, including systemic inflammation [9], kidney
tropism and direct damage[10, 11], collapsing glomerulopathy
[12], complement activation [13] and organ crosstalk, although
it seems likely from case series that acute tubular necrosis is
the predominant renal pathology [14, 15]. AKI is common
in all patients treated in critical care environments, so it may
be that AKI in COVID-19 is merely an indicator of severe
illness.

Studies of AKI from the early months of the pandemic
have not been verified and updated via comprehensive studies.
The International Severe Acute Respiratory and Emerging
Infections Consortium (ISARIC) World Health Organization
(WHO) Clinical Characterisation Protocol UK (CCP-UK) for
Severe Emerging Infections was planned in 2012 to capture
clinical information on any emerging infectious disease. It was
activated in the UK on 17 January 2020 in response to the
COVID-19 pandemic and has collected data since. It is one of
the largest global cohorts of patients hospitalized with COVID-
19 and it has demonstrated that renal complications are more
frequent than in any other body system [16]. This study
investigates AKI in detail, refining the estimates of risk factors
and mortality and focusing on the potential relationships
between AKI and race, illness severity and pharmaceutical
intervention.

MATERIALS AND METHODS
Study design and patients

Adults over the age of 18 years hospitalized between 17
January 2020 and 5 December 2020 with confirmed or highly
suspected SARS-CoV-2 infection leading to COVID-19 were
recruited at 254 sites in England, Scotland and Wales. Data
were entered into a standardised Research Electronic Data

Acute kidney injury in patients hospitalized with COVID-19

Capture secure online database [17]. Study information and
materials are available online [18]. Confirmation of SARS-
CoV-2 was performed using reverse-transcriptase polymerase
chain reaction. Highly suspected cases were eligible for
inclusion because SARS-CoV-2 was an emergent pathogen
at the time of protocol activation. Exclusion criteria were
long-term dialysis, nosocomial infection and readmission to
hospital (i.e. only the first admission was included for each
patient) [19]. Two analyses were performed:

+ KRT analysis: patients with information on the need for
acute KRT were included.

+ Biochemical AKI analysis: patients with two or more
serum creatinine results were included.

Outcomes

The primary outcome was the use of acute KRT. The sec-
ondary outcome was biochemical AKI. We used biochemical
AKI definitions based on the National Health Service AKI
e-alert algorithms [20] and AKI severity was graded using
Kidney Disease: Improving Global Outcomes (KDIGO) stages
[21]:

o Stagel
o Serum creatinine >26 umol/L higher than the lowest
creatinine within 48 h
o Serum creatinine >1.5-1.9 times higher than the
lowest creatinine within 7 days
o Serum creatinine >1.5-1.9 times higher than the
median of all creatinine values 8-365 days ago
o Stage2
o Serum creatinine >2-2.9 times higher than the lowest
creatinine within 7 days
o Serum creatinine >2-2.9 times higher than the median
of all creatinine values 8-365 days ago
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o Stage 3 Biochemical
o Serum creatinine >3 times higher than the lowest
creatinine within 7 days
o Serum creatinine >3 times higher than the median of
all creatinine values 8-365 days ago

Covariates

Race was categorized as White, Black, South Asian, East
Asian and other. Socioeconomic deprivation was quantified
using Index of Multiple Deprivation (IMD) scores. Smoking
status was categorized as ‘Never, ‘Previous’ and ‘Current.
Health conditions and long-term use of medications before
admission were captured from available health care records by
research nurses and volunteer medical students. Illness severity
on admission was estimated using oxygen saturation on air and
respiratory rate.

Statistical methods

Patient characteristics were described for those who re-
ceived and did not receive KRT, for those with each stage
of biochemical AKI and for those from the overall cohort
with and without biochemistry data. Medians and interquartile
ranges (IQR) were used to describe continuous variables and
percentages for categorical variables.

Logistic regression was performed to study the associations
between risk factors and KRT, biochemical AKI and each stage
of AKI. Adjustments were made for age, sex, race, diabetes,
heart disease, chronic kidney disease (CKD), use of renin—
angiotensin system blockers (RAS blockers) before admission
and socioeconomic deprivation status (as these variables have
previously been associated with AKI [21]), oxygen saturation
on air and respiratory rate on admission (as indicators of illness
severity, both as continuous variables). Age as a confounder
was treated as a continuous variable and as a risk factor as
a categorical variable. The missingness patterns of race, de-
privation, diabetes, heart disease, CKD, admission respiratory
rate and oxygen saturations were explored, and these variables
were found to be missing at random. Multiple imputation using
chained equations [22] was used for these variables using 10
sets, each with 10 iterations, and Rubin’s rules were used to
combine the results [23]. Complete case sensitivity analysis
was performed and the results were compared with those from
multiple imputation. Prespecified interaction analyses were
performed for the relationship between race and each of KRT
and biochemical AKI and considered significant if P-values
were <0.01.

The relationship between AKI and 28-day mortality was
described using a Kaplan-Meier survival curve. Follow-up
started on the date of symptom onset or—where this was
not available—the date of hospitalization. Follow-up ended
on the date of death or discharge (whichever occurred
first), or 28 days following hospitalization if neither event
occurred. Patients were categorized by the highest stage of AKI
they reached. Logistic regression was performed for 28-day
mortality using the same confounders and multiple imputation
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approach as in the AKI analyses. These analyses were stratified
by AKI stage and critical care status.

AKI rates in each month in 2020 were compared by
calculating the proportion of patients with each stage of AKI.
95% confidence intervals were calculated using Wilson Score
Intervals [24]. The severity of COVID-19 illness was compared
using median admission 4C Mortality Scores per month [25].

The median number of days from both symptom onset
and hospitalization to identification of AKI was compared per
month. The proportion of patients whose AKI had resolved by
the end of follow-up was calculated.

The risk of AKI in patients receiving dexamethasone was
compared with patients not receiving dexamethasone using
propensity score matching. Propensity score matching was
used for this part of the study as a method for evaluating
treatment effects using observational data [26]. Only patients
receiving supplemental oxygen and admitted to the hospital
after 31 May 2020 were included because dexamethasone
became the standard of care for patients with COVID-19
requiring oxygen from June 2020 onwards [27]. Patients with
AKI on the day of admission were excluded from this part
of the analysis because the influence of dexamethasone on
AKI could not be determined for them. Exact matching was
performed for the month of admission with nearest neighbour
matching for age, sex, race, IMD deprivation quintile, diabetes,
heart disease, CKD, RAS blockers, and oxygen saturations
on air and respiratory rate on admission. The same analysis
was performed for remdesivir, but, in addition, patients
needed satisfactory kidney and liver function on admission
to be included, based on the UK prescribing guidelines for
remdesivir (estimated glomerular filtration rate greater than
30 mL/min/1.73 m? and alanine aminotransferase less than
five times the upper limit of normal). The characteristics of
the patients receiving dexamethasone and/or remdesivir were
compared with those not receiving the medications. Analyses
were not performed for tocilizumab because insufficient
patients in the cohort received the drug.

Statistical analyses were performed using R version 3.6.1
(R Foundation for Statistical Computing, Vienna, Austria):
tidyverse, finalfit, survival, survminer, nephro, mice, Matchlt
and forestplot packages.

RESULTS

Of 114131 patients with data available at the time of the
analysis, 85687 were studied in the KRT analysis and 41294
in the biochemical AKI analysis (Supplementary data, Figure
S1). A total of 2198 (2.6%) received acute KRT, and 13000
(31.5%) had biochemical AKI: 8562 stage 1 (65.9%), 2609 stage
2(20.1%) and 1829 stage 3 (14.1%).

Patient characteristics

Patient characteristics are presented by KRT status (Table 1)
and stage of biochemical AKI (Table 2). Of the 85687 patients
in the KRT analysis, 63021 (73.5%) had confirmed infection
and 22 666 (26.5%) had highly suspected infection. The charac-
teristics of patients with biochemistry data were slightly differ-
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Table 1. Patient characteristics by kidney replacement therapy status

No KRT KRT
(N = 83489) (N = 2198)
Age (years) Median (IQR) 74 (58 to 83) 62 (54 to 70)
Sex (%) Female 37339 (44.7) 528 (24.0)
Not specified: 202 (0.2%) Male 45954 (55.0) 1664 (75.7)
Race (%) White 61266 (82.7) 1204 (63.8)
Missing values: 9718 (11.3%) Black 2642 (3.6) 179 (9.5)
South Asian 4407 (5.9) 245 (13.0)
East Asian 543 (0.7) 25 (1.3)
Other 5224 (7.1) 234 (12.4)
IMD quintile (%) 1 16228 (20.2) 436 (20.7)
Missing values: 3183 (3.7%) 2 16610 (20.7) 457 (21.7)
3 15836 (19.7) 362 (17.2)
4 15988 (19.9) 414 (19.7)
5 15739 (19.6) 434 (20.6)
Smoking (%) Never 27733 (55.7) 899 (61.0)
Missing values: 34413 (40.2%) Current 4390 (8.8) 86 (5.8)
Former 17678 (35.5) 488 (33.1)
Hypertension (%) 40304 (53.9) 1164 (62.1)
Missing values: 8990 (10.5%)
Diabetes (%) 16753 (21.8) 742 (36.9)
Missing values: 6952 (8.1%)
Chronic kidney disease (%) 12944 (16.3) 648 (31.1)
Missing values: 3991 (4.7%)
Heart disease (%) 25507 (31.9) 485 (23.6)
Missing values: 3601 (4.2%)
Lung disease (not asthma) (%) 13808 (17.3) 175 (8.5)
Missing values: 3767 (4.4%)
Asthma (%) 10848 (13.6) 306 (14.9)
Missing values: 3954 (4.6%)
Chronic liver disease (%) 2659 (3.4) 67 (3.3)
Missing values: 4479 (5.2%)
Neurological disease (%) 9917 (12.5) 117 (5.7)
Missing values: 4274 (5.0%)
Cancer (%) 8095 (10.2) 118 (5.8)
Missing values: 4412 (5.1%)
Haematological disease (%) 3435 (4.3) 86 (4.2)
Missing values: 4442 (5.2%)
Human immunodeficiency virus (%) 288 (0.4) 23 (1.1)
Missing values: 5689 (6.6%)
Obesity (%) 8602 (12.1) 510 (26.6)
Missing values: 12413 (14.5%)
Rheumatological disease (%) 9247 (11.7) 153 (7.6)
Missing values: 4650 (5.4%)
Dementia (%) 12386 (15.6) 23(1.1)
Missing values: 4242 (5.0%)
RAS blockers (%) 20603 (27.9) 618 (33.6)
Missing values: 9926 (11.6%)
Calcium channel blockers (%) 15794 (21.4) 594 (32.3)
Missing values: 9926 (11.6%)
Beta-blockers (%) 22349 (30.2) 602 (32.8)
Missing values: 9926 (11.6%)
Diuretics (%) 18165 (24.6) 383 (20.8)
Missing values: 9926 (11.6%)
Statins (%) 30843 (41.7) 858 (46.7)
Missing values: 9926 (11.6%)
Systemic corticosteroids (%) 8368 (11.3) 230 (12.5)
Missing values: 9926 (11.6%)
Immunosuppressants (%) 1871 (2.5) 84 (4.6)

Missing values: 9926 (11.6%)

Acute kidney injury in patients hospitalized with COVID-19 275



Table 1. Continued

No KRT KRT
(N=2198)

(N =83489)

Proton pump inhibitors (%)
Missing values: 9926 (11.6%)
Nonsteroidal anti-inflammatory drugs (%)
Missing values: 9926 (11.6%)
Aspirin (%)

Missing values: 9926 (11.6%)
Any supplemental oxygen (%)
Missing values: 281 (0.3%)

Any critical care admission (%)
Missing values: 47 (0.1%)

Any invasive ventilation (%)
Missing values: 39 (0.0%)

Any non-invasive ventilation (%)
Missing values: 242 (0.3%)

32347 (43.8) 771 (41.9)
2710 (3.7) 74 (4.0)
22254 (30.1) 586 (31.9)
60640 (72.9) 2091 (95.4)
10603 (12.7) 1752 (79.7)
4872 (5.8) 1613 (73.5)
11709 (14.1) 1040 (47.5)

All medications were those in use before hospitalization.

ent to patients without biochemistry data (Supplementray data,
Table S1). A number of comorbidities were more common in
patients with biochemistry data compared with those without
biochemistry data, including diabetes (24.7% versus 20.3%),
CKD (17.5% versus 16.2%) and obesity (14.2% versus 10.9%).

Clinical variables associated with KRT

Risk factors strongly positively associated with KRT were
CKD [adjusted odds ratio (aOR) 3.41: 95% confidence interval
3.06-3.81], male sex (aOR 2.43: 2.18-2.71) and Black race
(aOR 2.17: 1.79-2.63) (Figure 1). Indicators of severe illness
on admission associated with KRT were as follows: admission
respiratory rate greater than 30 breaths per minute (aOR 1.63:
1.43-1.86) and admission oxygen saturation less than 92%
on air (aOR 1.56: 1.39-1.76). Age over 80 years (aOR 0.14:
0.11-0.17) and dementia (aOR 0.15: 0.10-0.22) were negatively
associated with KRT. aORs were similar for complete case
sensitivity analysis (Supplementary data, Table S2).

Clinical variables associated with biochemical AKI

Risk factors with strongly positive associations with bio-
chemical AKI were admission respiratory rate greater than 30
breaths per minute (aOR 1.68: 1.56-1.81), CKD (aOR 1.66:
1.57-1.76) and black race (aOR 1.44: 1.28-1.61) (Figure 2).
aORs were similar for complete case sensitivity analysis
(Supplementary data, Table S3). Analysis of each stage of AKI
showed similar risk factors (Supplementary data, Table S4).
Patients of South Asian and other race and those on non-
steroidal anti-inflammatory drugs were at increased risk of
stages 2 and 3 AKI, but not stage 1.

Race analyses

For the KRT analysis, there were interactions between South
Asian race and each of age, male sex, CKD and hypertension;
there was an interaction between Black race and CKD; and
there was an interaction between other race and each of
age and CKD (P-values all <0.01) (Supplementary data,
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Tables S5 and S6). For the biochemical AKI analysis, there was
an interaction between South Asian race and each of CKD
and diabetes and there was an interaction between Black race
and CKD (P-values all <0.01). Compared with White patients,
those from minority race groups in the analysis were younger
and proportionally more of them were admitted to critical care
(Supplementary data, Table S7). CKD was more common in
White patients (17.6%) than those from minority race groups:
Black (15.7%), South Asian (14.5%), East Asian (9.5%) and
other (12.6%).

28-day mortality risk

There was an increased risk of mortality for those receiving
KRT (aOR 3.06: 2.75-3.39) and those with biochemical AKI
(aOR 1.91: 1.82-2.01) (Figures 3 and 4). The associations
for biochemical AKI were present in patients treated within
and outside critical care, and mortality risk was higher
in those with stage 3 than less severe stages (aOR 3.50:
3.14-3.91).

AKI rates by month

KRT rates peaked in March 2020 at 4.0% and biochemical
AKI in April 2020 at 33.8% (Figure 5). After June 2020, there
was a marginal reduction in 4C Mortality Scores: median score
11 (IQR 7-13) in April 2020 and 9 (IQR 6-12) from July 2020
onwards.

Timing of AKI

Amongst patients with AKI, the median time from symp-
tom onset to AKI was 6 days (IQR 2-11). Amongst patients
with AKI, 7123 0f 13 000 (54.8%) had it on the day of admission
and the median time from admission to AKI was 0 days (IQR
0-3). There was no trend in the timing of AKI throughout
the months of 2020 (Supplementary data, Table S8). At the
end of follow-up, AKI had resolved in 9758/13 000 (75.1%) of
patients.
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Table 2. Patient characteristics by biochemical acute kidney injury stage

No AKI Stage 1 Stage 2 Stage 3
(N = 28294) (N = 8562) (N = 2609) (N = 1829)
Age (years) Median (IQR) 73 (58-83) 73 (61-83) 71 (60-80) 65 (57-75)
Sex (%) Female 12105 (42.8) 3085 (36.0) 960 (36.8) 586 (32.0)
Not specified 151 (0.4%) Male 16096 (56.9) 5441 (63.5) 1637 (62.7) 1233 (67.4)
Race (%) White 20689 (82.2) 6183 (80.6) 1800 (78.3) 1147 (70.9)
Missing values: 4543 (11.0%) Black 953 (3.8) 395 (5.1) 134 (5.8) 125 (7.7)
South Asian 1315 (5.2) 421 (5.5) 137 (6.0) 136 (8.4)
East Asian 214 (0.9) 68 (0.9) 16 (0.7) 20 (1.2)
Other 1989 (7.9) 608 (7.9) 211 (9.2) 190 (11.7)
IMD quintile (%) 1 5022 (18.5) 1616 (19.7) 487 (19.5) 348 (19.9)
Missing values: 1734 (4.2%) 2 5245 (19.3) 1672 (20.4) 569 (22.8) 373 (21.4)
3 5294 (19.5) 1610 (19.7) 510 (20.4) 319 (18.3)
4 5470 (20.2) 1605 (19.6) 448 (17.9) 324 (18.5)
5 6092 (22.5) 1689 (20.6) 484 (19.4) 383 (21.9)
Smoking (%) Never 9972 (55.9) 2828 (53.2) 862 (54.9) 726 (58.3)
Missing values: 15327 (37.1%) Current 1485 (8.3) 414 (7.8) 115 (7.3) 83 (6.7)
Former 6381 (35.8) 2073 (39.0) 592 (37.7) 436 (35.0)
Hypertension (%) 13681 (53.1) 4795 (60.4) 1428 (59.8) 941 (59.0)
Missing values: 3620 (8.8%)
Diabetes (%) 5872 (22.6) 2261 (28.9) 702 (29.7) 510 (29.9)
Missing values: 3378 (8.2%)
Chronic kidney disease (%) 4040 (15.1) 2043 (25.2) 487 (19.9) 240 (13.9)
Missing values: 2273 (5.5%)
Heart disease (%) 8367 (31.0) 2805 (34.4) 714 (29.2) 381 (22.0)
Missing values: 1997 (4.8%)
Lung disease (not asthma) (%) 4706 (17.5) 1471 (18.1) 416 (17.0) 197 (11.4)
Missing values: 2164 (5.2%)
Asthma (%) 3919 (14.6) 988 (12.2) 321 (13.1) 237 (13.7)
Missing values: 2285 (5.5%)
Chronic liver disease (%) 1002 (3.8) 282 (3.5) 90 (3.7) 48 (2.8)
Missing values: 2583 (6.3%)
Neurological disease (%) 3095 (11.6) 948 (11.8) 259 (10.7) 137 (8.0)
Missing values: 2476 (6.0%)
Cancer (%) 2812 (10.6) 835 (10.4) 246 (10.1) 120 (7.0)
Missing values: 2523 (6.1%)
Haematological disease (%) 1219 (4.6) 396 (4.9) 112 (4.6) 46 (2.7)
Missing values: 2559 (6.2%)
Human immunodeficiency virus (%) 102 (0.4) 36 (0.5) <15(0.3) <15(0.9)
Missing values: 3190 (7.7%)
Obesity (%) 3183 (13.2) 1086 (14.8) 408 (18.5) 348 (21.7)
Missing values: 6081 (14.7%)
Rheumatological disease (%) 3163 (11.9) 878 (11.0) 258 (10.7) 141 (8.2)
Missing values: 2660 (6.4%)
Dementia (%) 3498 (13.1) 1234 (15.3) 328 (13.5) 136 (7.9)
Missing values: 2395 (5.8%)
RAS-blockers (%) 6895 (27.0) 2529 (32.2) 830 (35.0) 542 (34.3)
Missing values: 3946 (9.6%)
Calcium channel blockers (%) 5495 (21.5) 2003 (25.5) 665 (28.1) 433 (27.4)
Missing values: 3946 (9.6%)
Beta-blockers (%) 7457 (29.2) 2666 (34.0) 773 (32.6) 433 (27.4)
Missing values: 3946 (9.6%)
Diuretics (%) 6079 (23.8) 2201 (28.1) 599 (25.3) 336 (21.2)
Missing values: 3946 (9.6%)
Statins (%) 10638 (41.6) 3669 (46.8) 1057 (44.6) 666 (42.1)
Missing values: 3946 (9.6%)
Systemic corticosteroids (%) 3042 (11.9) 914 (11.7) 259 (10.9) 153 (9.7)
Missing values: 3946 (9.6%)
Immunosuppressants (%) 776 (3.0) 296 (3.8) 66 (2.8) 47 (3.0)
Missing values: 3946 (9.6%)
Proton pump inhibitors (%) 11349 (44.4) 3440 (43.8) 1010 (42.6) 607 (38.4)

Missing values: 3946 (9.6%)
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Table 2. Continued

Nonsteroidal anti-inflammatory drugs (%)
Missing values: 3946 (9.6%)

Aspirin (%)

Missing values: 3946 (9.6%)

Any supplemental oxygen (%)

Missing values: 402 (1.0%)

Any critical care admission (%)

Missing values: 163 (0.4%)

Any invasive ventilation (%)

Missing values: 601 (1.5%)

No AKI Stage 1 Stage 2
(N =28294) (N=8562) (N =2609)

894 (3.5) 235 (3.0) 91 (3.8) 89 (5.6)
7400 (29.0) 2618 (33.4) 734 (31.0) 386 (24.4)
22623 (80.8) 7464 (88.0) 2333 (90.0) 1696 (93.8)
4838 (17.2) 2616 (30.7) 1240 (47.7) 1275 (70.0)

2184 (7.8) 1615 (19.1) 1001 (38.8) 1147 (63.7)
5232 (18.8) 2405 (28.5) 928 (36.0) 785 (43.7)

Any non-invasive ventilation (%)
Missing values: 686 (1.7%)

All medications were those in use before hospitalization.

Dexamethasone/remdesivir

Compared with the patients not receiving these
medications, those receiving dexamethasone and/or
remdesivir were on average 6 years younger and had higher
rates of antimicrobial use and treatment in critical care
(Table S9a-d, S10 and S11). The use of dexamethasone was
positively associated with KRT [odds ratio (OR) 2.23: 1.09-
4.80] and there was no relationship between dexamethasone
and biochemical AKI (OR 0.90: 0.51-1.56). There was no
relationship between the use of remdesivir and KRT (OR 1.09:
0.38-2.72) or biochemical AKI (OR 0.84: 0.52-1.34).

DISCUSSION

In this prospective multicentre study of up to 85687 patients
hospitalized with COVID-19, we have described risk factors
and associations for COVID-19-induced AKI and related
mortality. Men, patients with CKD, diabetes, hypertension and
obesity, patients from minority race backgrounds and those
with severe COVID-19 on admission were at highest risk of
AKI related to COVID-19. All stages of AKI were associated
with an increased risk of mortality and there was a graded
rise in mortality risk by increasing AKI severity. Rates of AKI
peaked in April 2020 and although they fell following the first
wave of the pandemic, improvements in COVID-19 treatment
via pharmaceutical developments were not associated with risk
reductions.

The rate of AKI in our study was 31.5%, matching reports
from the USA [2, 28]. The KRT rate in our study was
2.6%, lower than in some others (14-15%) [4, 29]. However,
these were single-centre studies and clinical practice such
as eligibility criteria for critical care treatment may have
influenced KRT rates. Declines in AKI rates following the
first wave of the pandemic have been reported elsewhere
[28, 30], but the reasons for this have not been evaluated.
Our findings suggest that improvements in the treatment
of COVID-19 with dexamethasone and remdesivir did not
directly account for the falls in AKI rates. By comparison,
the RECOVERY randomized controlled trial found that fewer
patients randomized to dexamethasone needed KRT [31]. This
may be because, after the end of May 2020, these medications
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were given to the most unwell patients with COVID-19 in
the hospital. Although we adjusted for several confounding
variables including illness severity, there is likely to be residual
confounding that could affect the results.

Beyond pharmaceutical developments, the management
of COVID-19 patients changed significantly during 2020.
National Institute for Health and Care Excellence guidelines in
the UK encouraged the maintenance of euvolaemia in COVID-
19 [32]. However, some clinicians employed conservative fluid
resuscitation strategies in the early months of the pandemic.
This approach originated from the treatment of patients with
non-COVID-19 ARDS and was advocated in the COVID-19
Surviving Sepsis Guideline [33]. We postulate that conservative
fluid strategies may have inadvertently contributed to the
development of AKI in some patients in the early months of the
pandemic, such as in those with precarious oxygenation and
fluid losses. As previously reported from the ISARIC WHO
CCP-UK study, the use of invasive mechanical ventilation in
patients with COVID-19 fell significantly as the pandemic
unfolded [34]. This change in practice may have had an
additional impact on AKI. We found the risk of biochemical
AKI was lower in the oldest adults (over 80 years) compared
with other age groups (50-79 years). This was not associated
with reduced frequency of blood tests in the oldest adults,
hence the reasons for this trend are unclear. The declining rates
of AKI over time may in part be due to increasing clinician
awareness of AKI in COVID-19, prompting them to monitor
their patients’ fluid status and blood tests more closely, as well
as decreasing illness severity [34].

We have verified findings from smaller studies from the
first wave of the pandemic, including the role of AKI as
a risk factor for mortality in COVID-19. Overall, 40.4% of
patients with biochemical AKI in our study died, which
falls between the 34% [2, 28, 6] and 51.8% [35] reported
in previous studies. Even patients with minor biochemical
changes (stage 1 AKI) were at increased risk of dying,
highlighting that all patients with COVID-19 and AKI should
have targeted monitoring and optimization of their fluid
status. Although we have confirmed that mortality risk rose
with the increasing stage of AKI, our ORs are lower than
in previous studies [6, 28, 36]. This may be because the
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Acute KRT in adults hospitalised with COVID-19

Adjusted Odds Ratio (95% CI)*

<50 years 1.0 (ref.)

50-69 years ——— 1.29 (1.12-1.50)

70-79 years —— 0.56 (0.47-0.66)

80+ years —— 0.14 (0.11-0.17)
Female o 10 (ref)
Male — 2.43(2.18-2.71)

White 10(ef)
Black — 217 (1.79-2.63)

South Asian —— 1.87 (1.58-2.21)

East Asian —_— 1.48 (0.92-2.37)

Other o 1.58 (1.33-1.88)
IMD quintile 1 (most deprived) T 10(ref)
IMD quintile 2 ——— 1.14 (0.98-1.32)

IMD quintile 3 —— 0.96 (0.82-1.13)

IMD quintile 4 —— 1.25 (1.07-1.46)

IMD quintile 5 (least deprived) —— 1.31(1.12-1.53)

Never Smoker o 10(ref)
Current Smoker — 0.72 (0.58-0.91)
Ex-Smoker — 0.98 (0.86-1.11)
Chronic Kidney Disease T - 3.41(3.06381)
Hypertension —— 1.562 (1.35-1.71)

Heart Disease 0.67 (0.60-0.76)
Diabetes —— 1.72 (1.55-1.91)
Obesity —— 1.85 (1.64-2.08)
Dementia —_— 0.15(0.10-0.22)
Chronic Liver Disease — 0.75 (0.57-0.99)

Lung Disease (not asthma) —— 0.54 (0.45-0.63)
Asthma ——— 1.17 (1.02-1.33)
Neurological Disease —— 0.50 (0.41-0.61)
Cancer 0.66 (0.54-0.80)
Haematological Disease —r 0.94 (0.74-1.20)

HIV —_— 1.45 (0.87-2.43)
Rheumatological Disease — 0.82 (0.68-0.99)
RAS-blockers e 126 (1.14-1.40)
NSAIDs —— 1.08 (0.85-1.38)
AdmissionRR<20 T ST 10(ref)
RR 20-29 —— 1.19 (1.06-1.34)
RRZ30 oS 163(143:186)
Admission SpO2 292% 1.0 (ref.)

Sp02 <92% —— 1.56 (1.39-1.76)

o‘lm o“zo o‘."m o.:ao l u.é.olu.:ao‘”o zlo 3?0 4!0

Adjusted Odds Ratio (95% ClI, log scale)

FIGURE 1: Associations between risk factors and acute kidney replacement therapy. *Adjusted for age, sex, race, deprivation quintile, chronic
kidney disease, heart disease, diabetes, admission oxygen saturations on air and admission respiratory rate. HIV, human immunodeficiency
virus; RR, respiratory rate; SpO2, oxygen saturations. Error bars are 95% confidence intervals (CI).

patients in our ‘no AKI’ reference group were more co-
morbid than the rest of the cohort, with high rates of diabetes
and CKD.

The AKI risk factors we identified were similar to those
reported previously [2, 28]. We have confirmed a particularly
high risk of AKI in patients from minority race backgrounds
and our findings suggest this is contributed to by comorbidities
[37]. A study of 1737 patients with COVID-19 in East London
(60% non-White) demonstrated an increased risk of mortal-
ityin Black and Asian patients, independent of comorbidities
[38]. Several factors are postulated to contribute to this
increased risk, including a higher prevalence of comorbidities
that are associated with greater COVID-19 disease severity,

Acute kidney injury in patients hospitalized with COVID-19

cultural factors, host genetics, cultural and lifestyle factors, and
inequality [39]. We found that non-White patients admitted to
the hospital with COVID-19 were younger and more likely to
be admitted to critical care than their White counterparts. This
may explain to a large extent their increased risk of requiring
KRT. South Asian race was a predictor of stages 2 and 3 AKI,
and our interaction analysis suggests this was contributed to by
CKD and diabetes. Our results suggest that the increased risk
of biochemical AKI in Black patients is contributed to by CKD,
even though the proportion of Black patients with CKD was
less than for White patients. It is possible that prior CKD was
infrequently recorded in patients of Black race [40]. In addition
to multiple socioeconomic and health risk factors associated
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Biochemical AKI in adults hospitalised with COVID-19

Adjusted Odds Ratio (95% CI)*

<50 years L 1.0 (ref.)

50-69 years -— 1.35 (1.24-1.48)

70-79 years —-— 1.36 (1.24-1.49)

80+ years r-— 1.12 (1.02-1.23)
Female o 10 (ref)
Male v 1.29 (1.23-1.35)

White 10(ef)
Black —— 1.44 (1.28-1.61)

South Asian Ll 1.08 (0.97-1.20)

East Asian — 0.97 (0.74-1.26)

Other = 1.09 (1.00-1.19)

IMD quintile 1 (most deprived) T 10(ref)
IMD quintile 2 - 1.04 (0.97-1.11)

IMD quintile 3 - 0.96 (0.90-1.03)

IMD quintile 4 - 0.94 (0.88-1.01)

IMD quintile 5 (least deprived) - 0.91 (0.84-0.97)

Never Smoker o 10(ref)
Current Smoker —_— 0.98 (0.88-1.09)
Ex-Smoker - 1.03 (0.97-1.09)
Chronic Kidney Disease T 166 (157-1.76)
Hypertension - 1.16 (1.10-1.22)

Heart Disease - 0.90 (0.85-0.95)
Diabetes - 1.21(1.15-1.28)
Obesity - 1.13 (1.06-1.21)
Dementia - 1.15 (1.07-1.23)
Chronic Liver Disease —— 0.91 (0.80-1.03)

Lung Disease (not asthma) - 0.92 (0.86-0.98)
Asthma - 0.85 (0.80-0.91)
Neurological Disease - 0.98 (0.91-1.05)
Cancer - 0.95 (0.88-1.02)
Haematological Disease .- 0.98 (0.88-1.09)

HIV —_— 1.03 (0.73-1.45)
Rheumatological Disease - 0.90 (0.84-0.97)
RAS-blockers L 128 (1224134)
NSAIDs — 1.06 (0.94-1.20)
AdmissionRR<20 T ST 10(ref)
RR 20-29 - 1.24 (1.17-1.31)
RRZ0 B emmemeoreteasessramans 168 (156:181)
Admission Sp0O2 292% 1.0 (ref.)

Sp02 <92% - 1.29 (1.21-1.38)

o‘lm o“zo o‘."m o.:ao l o.é.olu.;o‘”o zlo 3‘lo 4!0

Adjusted Odds Ratio (95% ClI, log scale)

FIGURE 2: Associations between risk factors and biochemical acute kidney injury. *Adjusted for age, sex, race, deprivation quintile, chronic
kidney disease, heart disease, diabetes, admission oxygen saturations on air and admission respiratory rate. HIV, human immunodeficiency
virus; RR, respiratory rate; SpO2, oxygen saturations. Error bars are 95% confidence intervals (CI).

with adverse outcomes in people of Black race in COVID-
19 [41], AKI-specific risk may in some part be attributable to
the possession of high-risk APOLI genotypes [42], which are
present in people of West African ancestry. These alleles are
associated with a greatly increased risk of CKD in people of
Black race in North America [43] and have been implicated in
COVID-19-related glomerular disease [44].

Our study has some notable strengths. To our knowledge, it
is the largest study of AKI in COVID-19 to date. Our cohort
comprised patients from 254 acute hospital sites spanning
most of 2020, allowing us to evaluate the temporal variations
in AKI and KRT rates over the first wave and part of the second
wave of the pandemic. Our cohort included a significant
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number of patients who were prescribed dexamethasone
and remdesivir, thus allowing us to assess the relationship
between the use of these medications and AKI. We have
explored additional crucial areas: the relationship between
race and AKI and illness severity as a key risk factor for
AKIL

Our study has some limitations. Some 26.5% of the
patients were identified as having COVID-19 before testing for
SARS-CoV-2 was universally available. Some of these patients
may therefore have had illnesses other than COVID-19. In our
biochemical AKI analysis, we excluded patients without two or
more recorded creatinine values, risking the introduction of se-
lection bias. Despite slightly higher rates of comorbidities such
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—— No AKlI —— Stage1 —— Stage2 —— Stage3

1.004

Survival probability
o o
a o

o
o
(4]

0.00 1

Number at risk

20 25 30 35 40

Time (days)
27457 25968 21508 15516 10301 6926 4753 3323 2408
== 8316 7981 6753 5066 3548 2466 1721 1190 825
== 2534 2485 2206 1764 1345 998 724 510 384
= 1761 1737 1597 1309 1010 764 576 441 329

FIGURE 3: Kaplan—-Meier plot of 28-day mortality by biochemical acute kidney injury status. Time is after symptom onset. Shaded area

represents 95% confidence intervals.

28-day mortality in adults hospitalised with COVID-19

Adjusted Odds Ratio (95% CI)*

No KRT L
KRT
No Biochemical AKI L]

Biochemical AKI

No Biochemical AKI u
Stage 1 AKI
Stage 2 AKI

Stage 3 Biochemical AKI

No Biochemical AKI (Critical care only) L]

Biochemical AKI (Critical care only)

No Biochemical AKI (Non-critical care only) L]

Biochemical AKI (Non-critical care only)

1.0 (ref.)

3.06 (2.75-3.39)

1.0 (ref.)

- 1.91 (1.82-2.01)

e 1.58 (1.49-1.67)

2.41 (2.20-2.64)

3.50 (3.14-3.91)

1.0 (ref.)

2.05 (1.73-2.44)

1.0 (ref.)

1.71 (1.57-1.86)

1.0

2.0 3.0
Adjusted Odds Ratio (95% Cl, log scale)

4.0

FIGURE 4: Associations between acute kidney injury and 28-day mortality. P-values for all groups <0.001. *Adjusted for age, sex, race,
deprivation quintile, chronic kidney disease, heart disease, diabetes, admission oxygen saturations on air and admission respiratory rate. Error

bars are 95% confidence intervals (CI).

as CKD in those included in the study, the patients without
biochemistry data were very similar. Some blood results during
an individual’s admission may not have been available if they
were not recorded in the database. This could have an impact
on AKI detection and accurate categorization of the AKI stage.
The execution of separate KRT and biochemical AKI analyses
was appropriate for two reasons. First, the use of acute KRT

Acute kidney injury in patients hospitalized with COVID-19

in an individual is considerably linked to illness severity and
whether clinicians decide it is appropriate to care for them
in a critical care environment or a ward (which may depend
on pre-morbid health status). Second, due to the challenges of
real-time data collection during a pandemic, creatinine results
were available for relatively few patients and we sought to
study as many patients as possible. We did not have access to
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Biochemical AKI rates
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lliness severity
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FIGURE 5: Acute kidney injury rates and 4C scores by month in 2020. Error bars represent 95% confidence intervals for KRT and biochemical

AKI rates and interquartile ranges for illness severity.

baseline kidney function, therefore we may have missed some
AKIT events and we were unable to stratify risk by severity of
baseline CKD. Although most cases of AKI had resolved by
the end of in-hospital follow-up, we did not have access to
kidney function following discharge and so we were unable to
study long-term recovery following AKI. We did not have data
on urine output or fluid resuscitation regimens, although it is
difficult reliably to record this information outside of critical
care settings.

In conclusion, AKI was common in patients hospitalized
with COVID-19 and these patients were at high risk of
death. The patients at highest risk of AKI were typically
men, Black, with CKD and with severe COVID-19 illness on
admission. AKI rates have fallen since the early months of the
pandemic, despite no observed influence of pharmaceutical
developments. This may reflect changes in attitudes towards
fluid balance. Clinicians should monitor the kidney function
and fluid status of patients with COVID-19 closely and
intervene early if AKI develops.
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