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ABSTRACT

Objectives To evaluate hospital outcomes and their
predictors during the pandemic for patients with and
without COVID-19, stratified by the presence of acute
kidney injury (AKI).

Design Retrospective observation study using the
Hospital Episodes Statistics database for England.
Participants 2385337 unique hospital admissions of
adult patients from March 2020 to March 2021 in England.
Main outcome measures COVID-19 cases were
identified by the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) code

of U07.1. Patients with suspected COVID-19 (U07.2

code) and patients with end-stage kidney disease on
chronic dialysis (N18.6 and 299.2) were excluded. AKI
cases were identified by the ICD10 code. Patients were
categorised into four groups based on COVID-19 and AKI
diagnoses: Group 1—neither; Group 2—COVID-19 only;
Group 3—AKI only; Group 4—both. A multivariable logistic
regression model was created with in-hospital mortality as
the outcome, including diagnostic groups, demographics,
admission methods, comorbidity severity, deprivation index
and intensive therapy unit (ITU) admission.

Results Among 2385 337 admissions involving 663 628
patients, 856 544 had AKI (N17 codes) and 1528793 did
not. Among patients without AKI, there were 1,008,774
admissions among 133,988 individuals without COVID-19
(Group 1) and 520,019 admissions among 256,037
individuals with COVID-19 (Group 2). Among patients with
AKI, there were 630,342 admissions among 218,270
individuals without COVID-19 (Group 3) and 226,202
admissions among 55,333 individuals with COVID-19
(Group 4). Patients in group 4 were older (75.4 + 13.8
years) and had greater length of stay (17.1 = 17 days)
than all other groups. They also had and had a greater
proportion of males, ethnic minorities and comorbidities
than other groups. Mortality was highest in Group 4
(28.7%) and lowest in Group 1 (1.1%). The increased risk
of death persisted after controlling for multiple baseline
factors (OR for death vs Group 1: Group 4—22.28, Group
2—9.67, Group 3—6.44). ITU admission was least
required in Group 1 (1.2%) and most in Group 4 (10.9%),
with mortality at 4.8% versus 47.8%, respectively.
Conclusions Patients with COVID-19 and AKI have a
high risk of mortality and should be recognised early

.2 Richard Fluck,! Maarten Taal ® 2

STRENGTHS AND LIMITATIONS OF THIS STUDY

= National data on hospitalised COVID-19 patients ad-
dresses a key gap by comparing outcomes across
multiple cohorts, including a control group, to better
understand varying risks.

= Reliance on diagnosis via administrative codes may
lack granularity and accuracy.

= Administrative data reflects real-world clinical
practices.

= The  observational

design  limits  causal

interpretations.

and provided with optimal support. Planning for future
pandemics should ensure adequate critical care and acute
dialysis capacity.

Trial registration number NCT04579562.

INTRODUCTION

While the primary focus of COVID-19 was
initially on its respiratory effects, it soon
became evident that severely and critically ill
patients were at heightened risk of developing
acute kidney injury (AKI), a condition associ-
ated with a higher mortality rate and poorer
prognosis.'™ In response to this concern,
researchers worldwide have published
numerous reports examining the incidence,
risk factors and clinical outcomes. However,
the occurrence of AKI among hospitalised
COVID-19 patients has shown variability
with studies from the UK reporting AKI
rates ranging from 26.2% to 31.5%, whereas
reports from the USA have indicated even
higher rates, ranging from 87% to 57%.' **°
The perception that AKI in COVID-19 may
be more severe than AKI from other causes
has prompted studies to compare AKI associ-
ated with COVID-19 with AKI in various other
viral infections with conflicting results.’ !
Some have found that the incidence of AKI
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was comparable to other viral infections, while others
have reported a higher incidence of AKI and more
adverse outcomes in patients hospitalised with COVID-
19. However, research on AKI related to COVID-19 has
been constrained by relatively small sample sizes, limited
geographical representation and variable duration of
observation.® Few studies have directly compared AKI
cases in non-COVID-19 illnesses with those in COVID-19
patients during the same period.'® Furthermore, there is
a lack of comprehensive national-level studies to address
geographical and temporal disparities. Additionally,
while both COVID-19 and AKI have been associated with
increased mortality, the interaction between these condi-
tions has not been thoroughly investigated, particularly
with appropriate control groups. This comprehensive
national study endeavours to fill this knowledge gap by
comparing outcomes in people admitted to hospitals
during the pandemic with and without COVID-19, strat-
ified by the presence or absence of AKI and controlled
for demographic and health characteristics. Importantly,
a control group of patients hospitalised during the same
period without AKI or COVID-19 has been incorporated
into the analysis. A secondary objective was to assess
predictors of in-hospital mortality.

METHODS

Ethical and regulatory approval

The study was reviewed and approved by University
Hospitals of Derby and Burton National Health Service
(NHS) Foundation Trust’s research and development
department. Informed consent was waived due to the
nature of the study and the pandemic situation. The
study was registered on the National Library of Medicine
website (www.clinicaltrials.gov) with registration number
NCT04579562, and the protocol is available in online
supplemental text 1. The study was conducted following
the principles of the Declaration of Helsinki and followed
the Strengthening the Reporting of Observational Studies
in Epidemiology reporting guidelines (online supple-
mental table Sb).

Study design and procedure

We obtained anonymised data from the Hospital Episode
Statistics (HES) database, which includes detailed records
of all patients admitted to any hospital in England
commissioned by the NHS. Patients from outside England
were excluded. We included all adult patients aged 18
years and above, who were admitted to NHS hospitals in
England between 1 March 2020 and 31 March 2021, and
had a diagnostic code for COVID-19 included in any of
their 20 diagnosis codes. This study period encompassed
all admissions during the period when the SARS-CoV-2
virus was classified as ‘Original’ and later, when the
‘Alpha’ strain of SARS-CoV-2 became predominant. Each
patient’s data were recorded at the Finished Consultant
Episode (FCE) level, which represents the care deliv-
ered by a single consultant. In the context of hospital

records, a ‘spell’ refers to a whole hospital stay, including
all related treatments and services. The records of these
stays are kept as FCEs, and each individual hospitalisation
or ‘spell’ can have multiple FCEs associated with it. To
obtain details of the intensive therapy unit (ITU) stay, we
linked the admitted patient care dataset with the critical
care dataset, including the total number of ITU stays and
total organ support. We also linked the dataset to the
Office of National Statistics dataset to obtain the date of
death for each patient.

Definitions

We used the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) code
of U07.1 to identify episodes of confirmed COVID-19
between 1 March 2020 and 31 March 2021, by extracting
only one FCE from each spell or admission containing the
U071 code. We excluded episodes with the U07.2 code
(suspected COVID-19) and patients with end-stage kidney
disease on chronic dialysis (N18.6 and 799.2). We identi-
fied AKI by ICD10 code in any of the 20 diagnoses codes
and extracted up to 20 diagnoses codes and 24 OPCS-4
codes, including codes for dialysis (online supplemental
table S1) in the same spell, to ensure temporal relation
between COVID-19 and AKI. We grouped ethnicity into
six categories and English IMD quintiles were summarised
as a categorical factor. Comorbidities studied included
myocardial infarction, congestive cardiac failure, periph-
eral vascular disease, cerebrovascular disease, dementia,
chronic lung disease, connective tissue disorder, diabetes
with complications, paraplegia, chronic kidney disease,
chronic liver disease and cancer. Charlson’s Comorbidity
Index (CCI) was computed using ICD-10 hospitalisation
codes (online supplemental table S2) and categorised
based on the total score into four categories: no comor-
bidity with CCI score of 0; mild, with CCI scores of 1-2;
moderate, with CCI scores of 3—4; and >5 was categorised
in the severe category.”"" The study included admission
methods as elective, emergency, maternity and child,
transfers and unknown.

Outcomes

The primary aim of the study was to analyse and compare
outcomes in two groups of patients hospitalised with
COVID-19: those with AKI and those without AKI. A
secondary aim was to compare outcomes in patients hospi-
talised with COVID-19 and AKI to those with AKI from
other causes. In addition, a control group of patients who
were hospitalised without AKI or COVID-19 was included
for reference. In addition, we aimed to explore how
demographic and health characteristics might impact
in-hospital mortality rates to inform future strategies to
improve outcomes.

Statistical analysis

We used IBM SPSS Statistics for Windows, V.28.0
to analyse our data. Each admission had a binary
outcome, so we analysed the data for each admission

2

Kolhe NV, et al. BMJ Open 2025;15:095020. doi:10.1136/bmjopen-2024-095020

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bollgig sousby 1e 5Zoz ‘9 aunr uo /woo fwg uadofwg/:dny wouy pspeojumoq 'S20Z Yote ST Uo 020560-7202-uadolwa/9eTT 0T se paysiignd 1su1) :uado CING


www.clinicaltrials.gov
https://dx.doi.org/10.1136/bmjopen-2024-095020
https://dx.doi.org/10.1136/bmjopen-2024-095020
https://dx.doi.org/10.1136/bmjopen-2024-095020
https://dx.doi.org/10.1136/bmjopen-2024-095020
https://dx.doi.org/10.1136/bmjopen-2024-095020
https://dx.doi.org/10.1136/bmjopen-2024-095020
https://dx.doi.org/10.1136/bmjopen-2024-095020
http://bmjopen.bmj.com/

of AKI separately. We included patients who had
multiple admissions of AKI in separate admission
periods to prevent survival bias by analysing the first
admission or mortality bias by analysing the last admis-
sion. Analysis of variance was used to compare contin-
uous variables, reported as mean with SD, while X2 or
Fisher’s exact test was used to compare categorical
variables, reported as proportions and percentages.
Since there were few missing data, we did not perform
multiple imputations. We categorised patients into
four groups according to whether or not they had
a diagnosis of COVID-19 and a diagnosis of AKI:
Group 1—no COVID-19 or AKI; Group 2—COVID-19
without AKI; Group 3—AKI without COVID-19; Group
4—COVID-19 with AKI. We created a multivariable
logistic regression model with in-hospital mortality as
the outcome and included diagnostic groups, demo-
graphic variables, admission methods, comorbidity
severity, index of multiple deprivations and ITU admis-
sion. We performed sensitivity analyses to confirm our
findings using individual comorbidities instead of CCI
from the model (online supplemental table S4). ORs

and 95% CIs were used to present the results, and
p<0.05 was considered statistically significant.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

We extracted 3324748 FCEs of all adult patients
admitted between March 2020 and March 2021 from
HES—England’s national database of all hospital admis-
sions (figure 1). We excluded multiple FCEs within the
same spell and duplicate FCEs. Out of 2385337 unique
admission spells in 663 628 patients, there were 856544
admission spells (35.91%) in 273 603 patients with AKI as
identified by N17 codes in any of the 20 diagnostic codes,
while 1528793 had no AKI. Among 746221 admissions
with COVID-19, 226202 (30.31%) admissions had AKI.
There were 1008774 admissions in 133988 patients who
did not have AKI or COVID-19 (Group 1) and 520019

All adult patients FCE admitted
patients between March 20 and
March 21=3,324,748

All FCEs with Chronic RRT =

All FCEs with non-English =

F 3

40,903

v

41,369

All FCEs withou

t chronic RRT or
patients in England =
3,242,476

Multiple FCEs within a spell =

A

703,142

A

Admissions in 665,274 patients
without chronic RRT or patients

in England = 2,539,334

CKD with acute RRT = 134,718

Acute dialysis withno N17 |
codes- 4114

A

P Duplicate spells = 11,937

r

Acute dialysis with CKD - 3228

Y

Unique admission spells in
663,628 patients between 1%
March 2020 and 317 March 2021
=2,385,337

4
Admissions in 390,025 patients
with No N17 code in any
diagnoses codes (No AKI) =
1,528,793

|
| '

v

Admissions in 273,603 patients
with N17 code in any diagnoses
codes [AKI) = 856,544

v !

Group 2
Admissions in 256,037 patients with
U071 code in any diagnoses codes
(COVID) = 520,019

Group 1
Admissions in 133,988 patients without
U071 code in any diagnoses codes (No
COVID) = 1,008,774

Group 3
Admissions in 218,270
patients without U071 code in any
diagnoses codes (No COVID) = 630,342

Group 4
Admissions in 55,333 patients with
U071 code in any diagnoses codes
(COVID) = 226,202

Figure 1
replacement therapy.

Study flowchart. AKI, acute kidney injury; CKD, chronic kidney disease; FCE, finished consultant episode; RRT, renal
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admissions in 256037 patients who had COVID-19
without AKI (Group 2). Among admissions with AKI,
there were 630342 admissions in 218270 patients who
did not have COVID-19 (Group 3) and 226202 admis-
sions in 55333 patients with COVID-19 and AKI (Group
4).

Patient data according to diagnostic groups are shown
in table 1. The incidence of AKI was 35.91% in the whole
cohort and 30.31% in patients with COVID-19. Patients
who had AKI were older than patients in non-AKI groups.
Patients in Group 4 were significantly older (75.4+13.8
years), predominantly of male gender (58.9%), had
higher emergency admission rates (96.4%) and a higher
proportion of black ethnicity (4.7%) compared with all
other groups. There was a higher proportion of patients
with Asian ethnicity in both the COVID-19 groups (Group
2—38.3% and Group 4—7.0%), as compared with the non-
COVID-19 groups (Groups 1 and 3). There was a greater
proportion of patients in the decile with the highest depri-
vation compared with the decile with the lowest depriva-
tion in all four groups. There were small but statistically
significant differences in social deprivation between
the groups. While all four groups had a greater propor-
tion of patients in the category of mild comorbidities,
patients in Group 4 had a significantly higher proportion
of moderate comorbidities as compared with all other
groups. Group 4 had a significantly higher proportion of
patients with cerebrovascular disease (11.7%), dementia
(17.8%), kidney disease (37%) and diabetes (35.9%) as
compared with all other groups (online supplemental
table 3).

Patients in Group 4 had the longest duration of hospi-
talisation, with an average length of stay (LOS) of 17+17
days, while the control group (Group 1) had the shortest
LOS at 4.3+10.1days, p<0.001. Additionally, a larger
proportion of Group 4 patients (3.4%) had kidney
replacement therapy (KRT) compared with Group
3 (1.4%), p<0.001. Unadjusted mortality was highest
in patients in Group 4 (28.7%), followed by Group 2
(10.9%), Group 3 (10%) and lowest in Group 1 (1.1%),
p<0.001 (table 1).

ITU admissions

In Group 4, 10.9% of patients were admitted to ITU
(table 2), followed by Group 3 (5.3%), Group 2 (5.1%)
and Group 1 (1.2%), p<0.001. The number of organs
supported differed significantly with patients in Group
4 (2.8+1.6) and Group 3 (2.2£1.5) needing more organ
support, p<0.001. Patients in Group 4 needed significantly
more days ofadvanced respiratorysupport (11.2+14.0 days,
p<0.001), more days in ITU (11.5+14.3 days, p<0.001) and
a higher number of days of kidney support as compared
with Group 3 (3.3+7.7 days vs 1.4+4.3 days, p<0.001). ITU
mortality differed significantly between all four groups,
with the highest mortality in Group 4 at 47.8% followed
by Group 2 at 22.3% and the lowest mortality in Group 1
at 4.8%, p<0.001.

Associations with in-hospital mortality

A multivariable logistic regression was performed to
ascertain the effects of age, gender, ethnicity, admission
method, CCI, ITU admission, IMD and the diagnostic
groups of AKI and COVID-19 on the likelihood of case
fatality. In comparison with Group 1, COVID-19 compli-
cated by AKI (Group 4) demonstrated the highest like-
lihood of death after correction for multiple potential
confounders (OR 22.28, 95% CI 21.79, 22.78) followed
by those with COVID-19 only (Group 2: OR 9.67, 95% CI
9.46, 9.88) (figure 2 panel A) and those with AKI only
(Group 3: OR 6.44, 95% CI 6.30, 6.58). Age (OR 1.04,
95% CI 1.04, 1.04), unknown ethnicity (OR 1.08, 95% CI
1.06, 1.11), transfers from other hospitals (OR 3.36,
95% CI 3.20, 3.53) and ITU admission (OR 6.36, 95% CI
6.25, 6.48) also had higher odds of death (figure 2 panel
B). Additionally, a greater comorbidity burden was linked
to an increased likelihood of mortality. When compared
with no comorbidities, the odds of death increased
progressively for mild comorbidities (OR 1.61, 95% CI
1.59, 1.64), moderate comorbidities (OR 2.07, 95% CI
2.03, 2.11) and severe comorbidities (OR 3.00, 95% CI
2.94, 3.07). Sensitivity analysis using individual comor-
bidities instead of CCI and SARS-CoV-2 variant showed
similar findings (online supplemental table S4). In both
analyses, increasing CCI was an independent risk factor
for higher mortality.

The analysis revealed that as the levels of deprivation
increased, the likelihood of mortality also increased when
compared with the least deprived group (figure 2 panel
C). However, this relationship did not demonstrate a
consistent progression.

DISCUSSION

In this large national observational study, we observed
that COVID-19 complicated by AKI was associated with
substantially higher in-hospital mortality than either
COVID-19 without AKI or AKI due to other causes,
and that this association persisted after controlling for
multiple potential confounders. We also noted that
COVID-19 patients with AKI were more frequently in
need of mechanical ventilation and advanced cardiac
support and had a higher ITU mortality rate compared
with the other three groups. Our analysis has identified
risk factors for the development of AKI with COVID-19
and increased mortality, which will aid risk stratification
and prioritisation of clinical care. Moreover, these data
will be valuable in planning for an adequate response to
future pandemics.

Several mechanisms have been proposed to account
for the association between COVID-19 and AKI
including factors like reduced oxygen levels, low blood
pressure, inflammation, blood clot formation, an exces-
sive release of cytokines, severe sepsis and endothelial
dysfunction."*™™ Additionally, a direct viral infection
of kidney cells has been suggested as a cause of AKI in
COVID-19, supported by the detection of viral RNA,
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Table 1 Demographic characteristics and outcomes of patients hospitalised with and without acute kidney injury (AKI) and
COVID-19 in England
No AKI—N (%) AKI—N (%)
No COVID-19 COVID-19 No COVID-19 COVID-19
(Group 1)§ (Group 2)§ (Group 3)§ (Group 4)§ P value
Overall AKI rate 35.91
AKl in COVID-19 - 30.31
Number of 1008774 (42.3) 520019 (21.8) 630342 (26.4) 226202 (9.5)
admissions*®
Age in yearst 70.9+16 68.2+18 74.2+15.4 75.4+13.8 <0.001
Gender* Male 547 003, (54.2) 273854, (52.7) 334305, (53) 133267, (58.9) <0.001
Length of stay 4.3+10.1 12.1+15.8 10.8+12.8 17.0+£17.0 <0.001
(days)t
Ethnicity* White 833 088, (82.6) 382130, (73.5) 524952 (83.3) 169761, (75) <0.001
Mixed 5412_(0.5) 4017, (0.8) 2632_(0.4) 1389, (0.6)
Asian 37767, (3.7) 43344, (8.3) 23073, (3.7) 15792, (7)
Black 26 512, (2.6) 17083, (3.3) 14673, (2.3) 10582 (4.7)
‘Other’ 16 457, (1.6) 15649, (3) 9788, (1.6) 5541 (2.4)
Not known 89 538, (8.9) 57796, (11.1) 55 224 _(8.8) 23137,(10.2) <0.001
Admission Elective 359 472_(36.8) 9413, (1.9) 27211_(4.5) 1956, (0.9)
method*
Emergency 580 081, (59.4) 469350, (93.2) 565855_(92.7) 212028, (96.3)
Maternity and 3880, (0.4) 8553, (1.7) 1526_(0.2) 121,(0.1)
child
Transfers 32 890, (3.4) 16260, (3.2) 15830, (2.6) 5999, (2.7)
Deprivation decilet 10 83 916, (8.3) 37307, (7.2) 50491_(8) 15621, (6.9) <0.001
9 91970, (9.1) 41521, (8) 57 052, (9.1) 18096, (8)
8 94 352, (9.4) 43597, (8.4) 59 323, (9.4) 18832, (8.3)
7 98 274, (9.7) 45560, (8.8) 61775, (9.8) 19872, (8.8)
6 101 568, (10.1) 48954, (9.4) 64339, (10.2) 21694, (9.6)
5 109 834, (10.9) 65504, (12.6) 68 099, (10.8) 28891, (12.8)
4 104 616, (10.4) 60310, (11.6) 66909, (10.6) 26612, (11.8)
3 104 856, (10.4) 55241, (10.6) 65 972_(10.5) 24332, (10.8)
2 104 336, (10.3) 50656, (9.7) 65 257, (10.4) 22101, (9.8)
1 115052, (11.4) 71369, (13.7) 71125, (11.3) 30151 _(13.3)
Acute RRT* Not applicable Not applicable 8617, (1.4) 8213_(3.6) <0.001
Charlson No comorbidity 167 605, (16.6) 150493, (28.9) 80752 (12.8) 30301, (13.4) <0.001
Comorbidity Index
grades*
Mild 371 232, (36.8) 226396, (43.5) 222249 (35.3) 87989, (38.9)
comorbidities
Moderate 251 713, (25) 94842, (18.2) 190422 (30.2) 70554, (31.2)
comorbidities
Severe 218 224 _(21.6) 48288, (9.3) 136 919, (21.7) 37358_(16.5)
comorbidities
Died* 11237,(1.1) 56507, (10.9) 62789, (10.0) 65022, (28.7) <0.001

*Number (%).
tMean SD.

F10= least deprived.

§Each subscript letter denotes a subset of COVID-19 group categories whose column proportions do not differ significantly from each other

at the 0.05 level.

RRT, renal replacement therapy.

Kolhe NV, et al. BMJ Open 2025;15:2095020. doi:10.1136/bmjopen-2024-095020

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

* (s3gv) Jnauadns juswaublasug
| 8p anbiydeibolqig 8ousby 1e Gzoz ‘9 sunr uo jwod fwg uadolway:dny woly papeojumod '520Z Y248 ST U0 0Z0S60-720zZ-uadolwa/9eTT 0T se paysiignd 1siy :uado CING


http://bmjopen.bmj.com/

| 8p anbiyde.bollgig sousby 1e 5Zoz ‘9 aunr uo /woo fwg uadofwg/:dny wouy pspeojumoq 'S20Z Yoe ST U0 020560-7202-uadolwag/9eTT 0T se paysiignd 1su1) :uado CING

Open access 8

Table 2 Intensive therapy unit (ITU) characteristics of patients hospitalised with and without acute kidney injury (AKI) and/or
COVID-19 in England

No AKI or COVID-19 and No COVID-19 with COVID-19 with

COVID-19 without AKI AKI AKI

(Group 1)f (Group 2)F (Group 3)% (Group 4)% P value
Admissions to ITU* 12 423, (1.2) 26649, (5.1) 33647, (5.3) 24768, (10.9) <0.001
Number of ITU admissionst 1.1+04, 1.1£0.4, 1.1£0.4, 1.1£0.5¢ <0.001
Number of organ support requiredt 1.7+1.2, 2.0+1.3, 22+1.5, 2.8+1.6, <0.001
Total advanced cardiac support dayst 0.60 + 2.5, 0.5+2.3, 1.21+3.3, 1.6 4.0, <0.001
Total advanced respiratory support 2.0+6.8, 5.44+10.4, 3.19 £ 8.0, 11.2+£14.0, <0.001
dayst
Total basic cardiac support dayst 3.7+6.4, 7.9+£10.2, 50+7.4, 12.2+£13.3 <0.001
Total basic respiratory support dayst 1.7 + 3.9, 3.9+4.46, 1.9+3.7, 3.2+4.6, <0.001
ITU length of stay (days)t 24+75, 5.58+10.6, 3.96 + 8.4, 11.5+£14.3, <0.001
Liver support dayst 0.1+0.7, 0.01£0.3, 0.1+1.3, 0.1+0.7, <0.001
Kidney support dayst 0 0 1.4+£4.3, 3.3+7.7, <0.001
ITU mortality* 404, (4.8) 4279, (22.3) 5015, (20.8) 8496, (47.8) <0.001
*Number (%).
TMean 2 SD.

FEach subscript letter denotes a subset of COVID-19 group categories whose column proportions do not differ significantly from each other
at the 0.05 level.
ITU, intensive therapy unit.

viral protein and live virus in kidney tissue in some and clinical outcomes, including AKI, although how
studies.””™ A recent autopsy study found a connec-  much this contributes to AKI in hospitalised COVID-19

. . . . . . . .19
tion between the presence of viral RNA in the kidneys patients is still uncertain.
Odds ratio with 95% confidence interval
A B
No COVID-19 or AKI (Group 1) - 1 (Ref)
Odds ratio with 95% confidence interval
COVID-19 without AKI (Group 2) . 9.67 (9.46, 9.88)
Age . 1.04 (1.04, 1.04)
Gender
AKI without COVID-19 (Group 3) . 6.44 (6.3, 6.58) Male - 1 (Ref)
Female * 0.87 (0.86, 0.87)
COVID-19 & AKI (Group 4) - 22.28 (21.79, 22.78) Ethnicity
White . 1 (Ref)
0 5 10 15 20 25 Mixed . 0.88 (0.81, 0.95)
Asian ° 1(0.98, 1.02)
Odds ratio with 95% confidence interval Black - 0.85 (0.83, 0.88)
Other ethnic group . 0.91 (0.88, 0.95)
c nd fd Admission method
vt ACMISSION MENoc =
ndex of deprivation Elective - 1 (Ref)
Least deprived 10% 4 1 (Ref) Emergency - 3.89 (3.73, 4.05)
Maternity and Child —— 0.73 (0.52, 1.03)
i o -
Less deprived 20% —— 1.01(0.99, 1.04) Transhars o 3.36 (3.2, 3.53)
Less deprived 20-30% —_— 1.02 (1, 1.05) Not known 4.37 (265, 7.22)
ITU - 6.36 (6.25, 6.48)
Less deprived 30-40% —_— 1.02 (0.99, 1.04) CCl severit
Less deprived 40-50% _— 1.02 (0.99, 1.04) Nil * 1 (Ref)
Mild . 1.61(1.59, 1.64)
More deprived 10-20% —_— 1.05 (1.02, 1.07) Moderate - 2.07 (2.03, 2.11)
More deprived 20-30% —_— 1.04 (1.02, 1.07) Sl | : M . . . . , 3(294,307)
0 1 2 3 4 5 6 7 8
More deprived 30-40% ——— 1.06 (1.03, 1.09)
More deprived 40-50% —_— 1.03 (1, 1.05)
Most deprived 10% —+—— 1.06 (1.04, 1.09)

0.90 0.95 1.00 1.05 1.10

Figure 2 Multivariate analysis of predictors of mortality in patients hospitalised with COVID-19. AKI, acute kidney injury; CClI,
Charlson’s Comorbidity Index; ITU, intensive therapy unit.
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We observed a slightly lower prevalence of AKI
(30.31%) in patients hospitalised with COVID-19 versus
those without COVID-19 (35.91%). This is in contrast
with our own single-centre study conducted during the
early stages of the pandemic, which identified a higher
incidence of AKI among individuals hospitalised with
COVID-19 (26.2%) versus those without COVID-19
(12.4%).! Similarly, in the USA, the incidence of AKI was
greater in the group of individuals with COVID-19 when
compared with those without COVID-19 (57% vs 37%,
respectively).” The reasons for this disparity are not clear
but may include a higher threshold for admitting patients
without COVID-19 during the pandemic and regional
variation.

Our observations align with prior research, showing
that hospitalised individuals with COVID-19 and AKI
tend to be older, are predominantly male and exhibit
moderate to high levels of comorbidities.””* We also
noted that patients with COVID-19, whether with or
without AKI, had a higher percentage of individuals from
Asian and black ethnic backgrounds compared with those
without COVID-19. Additionally, a greater proportion of
COVID-19 patients, regardless of AKI status, were from
socioeconomically deprived areas. These risk factors may
be clinically helpful to identify patients with COVID-19
who are at greater risk of developing AKI and may benefit
from closer monitoring.

We found that the unadjusted mortality rate for patients
with both COVID-19 and AKI was more than double
that for COVID-19 without AKI or AKI without COVID-
19. Importantly, the increased risk of death in patients
hospitalised with COVID-19 and AKI persisted after
adjustment for multiple other risk factors in a multivari-
able analysis. In Northern Italy, COVID-19-related AKI
was linked to 59.7% of deaths, while in Spain, mortality
was 38.5%, compared with 13.4% in the overall popula-
tion during wave 1.* ** This implies that in the context
of COVID-19, AKI is not simply a consequence of disease
severity but actively contributes to substantially increasing
mortality. Our observations are consistent with previous
studies that have reported a higher fatality rate among
COVID-19 patients with AKI (33.3-86.4%), contrasting
with COVID-19 without AKI (5.6-9.83%).2° 27 More-
over, the inclusion of appropriate control groups enables
us to provide robust evidence that AKI associated with
COVID-19 is associated with a much higher risk of death
than AKI due to other causes. In practice, this means that
clinicians should recognise patients with COVID-19 and
AKI to be at particularly high risk of death and ensure
that they receive close monitoring and early referral for
ITU support and/or RRT.

This study has several strengths compared with previ-
ously published reports. Prior observational studies have
individually explored the risk factors and outcomes
of AKI among COVID-19 patients who were hospital-
ised.! ***** However, there have been no comprehensive
large-scale systematic studies that compare the outcomes
of COVID-19 patients with AKI to those without AKI, as

well as to individuals with AKI in the absence of COVID-
19, and patients admitted without COVID-19 and AKI
during the same observation period. Nevertheless, several
limitations should be considered. First, we relied on
administrative codes for diagnosis, which have limitations
when it comes to accurately capture and characterising
AKI. However, we believe that this is outweighed by the
advantage of administrative codes encompassing a vast
amount of data from multiple healthcare institutions,
providing researchers with access to a large and diverse
patient population. Second, we specifically considered
patients with laboratory-confirmed diagnoses of COVID-
19, but it is worth noting that there may have been indi-
viduals in the early stages of the pandemic who were
infected with SARS-CoV-2 but were not included in the
study due to limited testing availability. Third, we did not
have access to clinical data regarding the physiological
status of patients which may have impacted the outcomes.
Finally, we did not have vaccination data and are unable
to determine any impact of vaccination on the incidence
of AKI.

CONCLUSIONS

Patients with COVID-19 should be proactively monitored
for the development of AKI and managed to reduce the
incidence of AKI, particularly if they are in identified high-
risk groups. Those who develop AKI should be recognised
as having a very high risk of mortality and provided with
optimal treatment and supportive care from early in their
course. Moreover, our observations reinforce the message
that prevention through vaccination remains important
for atrisk groups. In planning for future pandemics,
healthcare systems should consider the broader impact
of an emerging infection. This should include the provi-
sion of sufficient critical care and acute dialysis capacity
to adequately support the anticipated number of cases of
acute infection and AKI.
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