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ABSTRACT

Objectives To compare the incidence and drivers of major
adverse kidney events (MAKESs) between COVID-19 and
non-COVID-19 acute respiratory distress syndrome (ARDS)
patients, with a focus on long-term kidney outcomes.
Design Retrospective cohort study.

Setting Single-centre intensive care unit in the Midlands,
UK.

Participants 708 ARDS patients (458 COVID-19, 250
non-COVID-19).

Primary and secondary outcome measures The
primary outcome was MAKE at 365 days (MAKE-365),
defined as new renal replacement therapy (RRT),
estimated glomerular filtration rate (€GFR) <75% of
baseline or all-cause mortality. Secondary analyses
examined non-mortality MAKE components.

Results The incidence of MAKE-365 was significantly
higher in the non-COVID-19 group compared with the
COVID-19 group (66% vs 39%, p<0.001), primarily driven
by increased RRT initiation, followed by mortality and eGFR
decline (p=0.055). Independent predictors of MAKE-365
included lower eGFR and elevated bilirubin in both groups.
Age (p<0.001) and diabetes (p=0.041) were additional
predictors in the COVID-19 cohort, while lower albumin
(p=0.002) was significant in the non-COVID-19 group.
Excluding mortality, RRT and eGFR decline remained
significant drivers of MAKE outcomes in the non-COVID-19
cohort.

Conclusions Non-COVID-19 ARDS patients face a
greater risk of MAKE-365 and adverse kidney outcomes
due to higher RRT requirements and mortality rates.
These findings underscore the importance of tailored
interventions and long-term nephrology follow-

up, particularly for patients with reduced eGFR,

elevated bilirubin and comorbidities like diabetes and
hypoalbuminaemia.

BACKGROUND

The clinical course of COVID-19 ranges from
mild, transient infections to severe conditions
leading to multi-organ failure and mortality,
particularly in vulnerable individuals.'* Acute
kidney injury (AKI) has been notably preva-
lent among patients with COVID-19 who
develop acute respiratory distress syndrome

,"?% Rahul Y Mahida,® Mansoor N Bangash,* Jaimin Patel,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study addresses long-term kidney outcomes
in acute respiratory distress syndrome, providing a
direct comparison of COVID-19 and non-COVID-19
cohorts.

= MAKE at 365 days was used as the primary out-
come, aligning with internationally recognised ne-
phrology definitions.

= The large sample size, consistent management
and lengthy follow-up strengthen the reliability of
findings.

= The single-centre design may limit generalisability,
and differences in intensive care unit admission cri-
teria could introduce selection bias.

= Baseline estimated glomerular filtration rate esti-
mates and a lack of competing risk analysis may
impact the precision of results.

(ARDS), affecting up to 59% of these patients,
with approximately 20% requiring renal
replacement therapy (RRT). The mortality
associated with AKI in these patients is signifi-
cantly higher than those without AKI.”?

Major adverse Kkidney events (MAKEs),
comprising the need for RRT, a reduc-
tion in estimated glomerular filtration rate
(eGFR) of less than 75% of baseline, or all-
cause mortality, are crucial for assessing the
long-term impacts of AKI. These measures
are relevant for understanding the medium
to long-term outcomes in ARDS patients.*
Furthermore, the assessment of MAKE at 365
days (MAKE-365) provides a critical lens for
evaluating I-year kidney outcomes, offering
valuable insights into the prolonged effects
of severe illness.

Previous studies have shown that patients
with AKI or renal dysfunction at intensive
care unit (ICU) admission have a high risk
for progression to receive RRT, which is one
of the components of the MAKE outcome.”
Several studies have investigated the long-term
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kidney outcomes in patients who developed AKI during
COVID-19 hospitalisation. For instance, a study by Lu et
aP found that 58.0% of hospitalised COVID-19 patients
with AKI experienced early recovery, 14.8% delayed
recovery and 27.1% prolonged recovery.” Longer time to
recovery from AKI was associated with higher incidences
of major adverse cardiovascular events, MAKE, recurrent
AKI and new-onset chronic kidney disease (CKD) within
90 days postdischarge. This highlights the persistent risk
of adverse kidney outcomes long after the acute phase of
the infection has resolved.

Similarly, Nugent et al compared the rate of change in
eGFR after hospital discharge between patients with and
without COVID-19 who experienced in-hospital AKIL®
They found that patients with COVID-19-associated AKI
had a greater decrease in eGFR over time compared with
non-COVID-19 AKI patients, indicating a worse long-term
renal prognosis.

Most recently, a large multicentre study by Aklilu et al’
provided additional insights into the long-term outcomes
of COVID-19-AKI survivors.” Their findings revealed that
COVID-19-AKI survivors had a 33% lower risk of MAKE,
including worsened kidney function and mortality,
compared with patients with AKI from other illnesses.
Contrary to initial concerns, the study suggested that
COVID-19-AKI survivors might experience more favour-
able long-term kidney outcomes compared with non-
COVID-19-related AKI.

Despite the prevalence of AKI in ARDS during COVID-
19, there is a notable gap in research comparing long-
term kidney outcomes between ICU ARDS admissions
with and without COVID-19. This study specifically aims
to identify the incidence of MAKE-365 from ICU admis-
sion in these two patient groups, which is vital for under-
standing and potentially mitigating long-term renal
consequences in this high-risk cohort.

METHODS

Study design and participants

This retrospective cohort study included ICU patients
with ARDS, both COVID-19 and non-COVID-19, at
Queen Elizabeth Hospital Birmingham. Ethical approvals
for non-COVID-19 ARDS patients were obtained from
the Wales Research and Ethics Committee 1 (REC 16/
WA/0169) under the Alveolar Macrophage in ARDS (AM-
ARDS) study, with subsequent approval by the Health
Research Authority and University Hospitals Birmingham
and Heart of England NHS Trusts (National Institute for
Health and Care Research (NIHR) Portfolio, registration
number 32296). Local governance approval was granted
by the audit and quality improvement departments for
the collection of observational data from patients with
COVID-19.

In brief, this retrospective study included adult patients
(aged =18 years) admitted to ICU and receiving inva-
sive mechanical ventilation (IMV) who met ARDS diag-
nostic criteria based on the Berlin Definition.® The study

involved two cohorts from the ICU: COVID-19 patients
admitted between March 2020 and April 2021 and non-
COVID-19 patients from April 2016 to July 2019.

Sample size

The sample size for this retrospective cohort study was
determined by including all ICU patients meeting the
predefined eligibility criteria during the study periods. To
confirm the adequacy of the sample size, a post hoc power
analysis was performed based on the observed difference
in MAKE-365 incidence (66% vs 39%). A minimum of 554
patients would have been required to detect this differ-
ence with a power of 0.9 and an alpha of 0.01, which was
exceeded with the inclusion of 708 patients, supporting
the robustness of the findings.

Outcomes and definition

The primary outcome of this study was the incidence of
MAKE-365 after ICU admission in non-COVID-19 versus
COVID-19-ARDS. Secondary outcomes included major
adverse kidney events at 30, 90, and 180 days (MAKE-30,
MAKE-30, MAKE-90, MAKE-180, respectively), risk factors
for MAKE-365 and rates of complete renal recovery at
hospital discharge.

MAKE was defined as a composite of receiving new RRT,
or reduction in eGFR to <75% of the baseline or all-cause
mortality." AKI diagnosis and complete renal recovery
assessment (eGFR at discharge >60mL/min/1.73 m2)
were determined based on the Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines.9

Data collection

Retrospective data collected included patient demo-
graphics (age, sex, body mass index (BMI), ethnicity, pre-
existing comorbidities, date of ICU admission and date
of ICU and hospital discharge), comorbidities, baseline
routine laboratory blood results (creatinine and eGFR,
white cell count (WCC) and differential, C-reactive
protein (CRP), platelet count, albumin and bilirubin)
and observations (need for RRT, PaO2/FiO2 ratio, inci-
dence and stages of AKI and mortality) after ICU admis-
sion. Baseline eGFR values at 30-, 90-, 180- and 365-day
post-ICU admission were extracted in chronological
order to track longitudinal changes in renal function.

If baseline eGFR values were missing, the best (highest)
preadmission eGFR within the 6months prior to ICU
admission was extracted. If preadmission eGFR was also
missing, the baseline eGFR value was estimated using
the Chronic Kidney Disease Epidemiology Collaboration
formula, due to its greater accuracy in estimating eGFR
in diverse populations. This method is recommended
by KDIGO guidelines.” For follow-up eGFR values, the
closest values to the specific time points (30, 90, 180
and 365 days from ICU admission) were extracted when
the exact values were missing. If there were significant
gaps between available values, the closest available value
within a specific window (eg, 30 days) was used, or it was
recorded as missing if no value fell within this window.
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Data on new RRT use and mortality at 30, 90, 180 and 365
days from ICU admission were extracted retrospectively
from the electronic patient record.

Statistical analysis
All statistical analyses were conducted using R statistical
software (V.4.1.2; R Foundation for Statistical Computing,
Vienna, Austria). Baseline characteristics were reported
as frequencies and percentages for categorical variables.
Data distribution was assessed using the Shapiro-Wilk
test. Continuous variables, being non-normally distrib-
uted, were presented as medians with IQR. Categorical
variables were compared using the yx* test or Fisher’s
exact test. For non-parametric data analyses between
two groups, the Wilcoxon rank-sum test (independent
samples) or Wilcoxon signed-rank test (related samples)
was used. The Kruskal-Wallis test was used for compari-
sons among more than two groups.

Univariate and multivariate logistic regression anal-
yses determined associations between outcomes and
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Figure 1 Modified CONSORT diagram. This diagram

illustrates the process of participant screening and enrolment
for the study. A total of 768 ICU patients were screened
during the study period, of which 708 were included based
on the eligibility criteria for ARDS, COVID-19 status and

IMV requirements. The remaining patients were excluded

for the following reasons: not receiving IMV (n=54), age <18
years (n=3) or not meeting the Berlin criteria for ARDS (n=3).
AKI, acute kidney injury; ARDS, acute respiratory distress
syndrome; ICU, intensive care unit; IMV, invasive mechanical
ventilation; MAKEs, major adverse kidney events.

parameters, reported as OR with 95% CI. Variables signif-
icant in the univariate analysis were included in a back-
ward stepwise multivariable logistic regression model.
This selection method was employed due to its efficiency
in reducing the model to the most statistically relevant
predictors while avoiding overfitting and preserving
interpretability. The decision was made to balance statis-
tical rigour with clinical relevance, aligning with stan-
dard practices for observational cohort studies. To assess
potential multicollinearity and interaction effects, vari-
ance inflation factor testing was conducted among the
risk factors. No significant multicollinearity or interaction
effects were identified, supporting the stability of the final
model. The Kaplan-Meier curves plotted time-to-event
data for each MAKE-365 component, and differences
were analysed using the log-rank test. A p value of <0.05
was considered statistically significant.

Patient and public involvement

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

RESULTS

768 ICU admissions within the study duration were
screened for eligibility (figure 1). 708 patients were
eligible, 458 with COVID-19 and 250 admitted to the ICU
before the COVID-19 pandemic; all met the ARDS diag-
nostic criteria after ICU admission. ARDS aetiology in the
non-COVID-19 cohort was further categorised based on
the underlying cause of lung injury: 200 patients were
identified with ARDS resulting from direct lung injury—
such as pneumonia (bacterial, viral, fungal), acute bron-
chitis and exacerbation of bronchiectasis. The remaining
50 patients were classified as having ARDS from an indi-
rect lung injury, which included cases associated with
systemic inflammatory responses such as septic shock and
septicaemia without a direct pulmonary source.

Characteristics of acute respiratory distress syndrome
patients in COVID-19 versus non-COVID-19 groups

The non-COVID-19 group had a higher median age (61
vs b7 years, p<0.001) and BMI (30 vs 26kg/m?, p<0.001)
compared with the COVID-19 group. COVID-19 patients
showed higher rates of obesity, diabetes and asthma, while
non-COVID-19 patients had more ischaemic heart disease
and cancer. CKD rates were similar between groups
(table 1). The non-COVID-19 group had higher base-
line WCC, CRP and serum creatinine levels (p<0.001),
whereas COVID-19 patients had lower albumin and
higher platelet counts (p<0.001) (table 1).

On admission, the median eGFR was significantly
different between COVID-19 and non-COVID-19 groups
(90 vs 70mL/min per 1.73m?, p<0.001). AKI rates were
higher in non-COVID-19 patients (70% vs 48%, p<0.001).
The non-COVID-19 group had higher RRT use, shorter
ICU stay and higher mortality (p<0.001). Overall, there
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Table 1 The demographic and clinical characteristics of COVID-19 versus non-COVID-19 groups

Overall (n=708) COVID-19 (n=458) Non-COVID-19 (n=250) P value*

Demographics
Age (years) 59 (49-68) 57 (49-66) 61 (49-71) <0.001
Male (n, %) 459 (65%) 307 (67%) 152 (61%) 0.115
Ethnicity (n, %)

White 374 (53%) 187 (41%) 187 (75%) <0.001

Asian/Asian British 177 (25%) 139 (30%) 38 (15%)

Black/African/Caribbean 49 (6.9%) 32 (7.0%) 17 (6.8%)

Other 108 (15%) 100 (22%) 8 (3.2%)
BMI (kg/m?) 29 (25-33) 30 (27-35) 26 (22-31) <0.001
Comorbidities (n, %)
Hypertension 220 (31%) 154 (34%) 66 (26%) 0.057
Diabetes mellitus 202 (29%) 153 (33%) 49 (20%) <0.001
Obesity 318 (45%) 238 (52%) 80 (32%) <0.001
Ischaemic heart disease 75 (11%) 39 (8.5%) 36 (14%) 0.021
Asthma 79 (11%) 61 (13%) 18 (7.2%) 0.019
COPD 30 (4.2%) 15 (3.3%) 15 (6.0%) 0.127
Cancer 68 (9.6%) 20 (4.4%) 48 (19%) <0.001
CKD 70 (9.9%) 44 (9.6%) 26 (10%) 0.837
Laboratory blood tests
White cell count (x10%L) 10 (7-14) 9 (7-13) 12 (7-18) <0.001
Neutrophils (x10%L) 8.6 (5.6-12.4) 8.1 (5.7-11.6) 9.6 (5.5-14.4) 0.025
Lymphocytes (x10%L) 0.76 (0.50-1.20) 0.77 (0.55-1.20) 0.70 (0.40-1.20) 0.005
Monocytes (x10%L) 0.50 (0.28-0.80) 0.455 (0.28-0.69) 0.60 (0.30-1.10) <0.001
Eosinophils (x10%/L) 0.00 (0.00-0.02) 0.00 (0.00-0.02) 0.00 (0.00-0.02) 0.077
CRP (mg/L) 128 (61-226) 117 (59-208) 160 (72-266) <0.001
Platelets (x10%/L) 245 (169-327) 261 (200-336) 195 (100-304) <0.001
Creatinine (umol/L) 77 (55-115) 72 (55-97) 93 (58-164) <0.001
Albumin (g/L) 27 (23-31) 25 (22-29) 31 (27-36) <0.001
Bilirubin (umol/L) 10 (7-16) 10 (7-14) 10 (6-24) 0.385
ICU observations
eGFR, mL/min per 1.73m? 90 (58-90) 90 (76-90) 70 (33-90) <0.001
RRT 1 (n, %) 257 (36%) 142 (31%) 115 (46%) <0.001
PaO,/FiO, ratio, kPa 14 (11-19) 14 (11-18) 15 (11-23) 0.070
ARDS severity (n, %)
Mild 80 (11%) 39 (8.5%) 41 (16.4%) 0.005
Moderate 307 (43%) 209 (46%) 98 (39%)
Severe 321 (45%) 210 (46%) 111 (44%)
ICU LOS days 12 (6-23) 13 (6-25) 10 (6-20) 0.024
ICU admission to death days 12 (6-23) 13 (6-25) 10 (6-20) 0.12
Mortalityt (n, %) 266 (37.6%) 138 (30.1%) 128 (51%) <0.001
AKl incidence 398 (56%) 222 (48%) 176 (70%) <0.001
AKI stages
No AKI 310 (44%) 236 (52%) 74 (30%) <0.001
Stage 1 130 (18%) 93 (20%) 37 (15%)
Stage 2 76 (11%) 42 (9.2%) 34 (14%)
Stage 3 192 (27 %) 87 (19%) 105 (42%)

Data is presented as median (IQR), unless otherwise stated.
*P values from x test or Wilcoxon rank-sum test represent the differences between COVID-19 versus non-COVID-19 groups.

tData collected within 365 days from ICU admission.
AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; BMI, body mass index; CKD, chronic kidney disease; COPD, Chronic obstructive pulmonary disease; CRP,
C-reactive protein; eGFR, estimated glomerular filtration rate; ICU, intensive care unit; LOS, length of stay; MAKESs, major adverse kidney events; PaO,/FiO, ratio, the ratio of partial

pressure arterial oxygen and the fraction of inspired oxygen; RRT, renal replacement therapy.
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were significantly more patients with moderate (43%) and
severe (45%) ARDS compared with mild ARDS (11%),
according to the Berlin criteria (p=0.004and p=0.016,
respectively). The distribution of ARDS severities differed
significantly between groups such that mild ARDS was less
likely seen in COVID-19 patients.

The incidence of major adverse kidney events

The non-COVID-19 group had a higher incidence of
MAKE-365 (66% vs 39%, p<0.001), as well as MAKE-
30, MAKE-90 and MAKE-180 compared with the
COVID-19 group (all p<0.001), predominantly driven
by RRT requirements and mortality (table 2). In the

Table 2 The incidence of MAKEs outcome and cause of MAKEs in COVID-19 versus non-COVID-19 groups

Overall (n=708) COVID-19 (n=458) Non-COVID-19 (n=250) P value*
MAKE outcome
MAKE-30 321 (45%) 172 (38%) 149 (60%) <0.001
253 (79%) 141 (82%) 112 (75%) 0.291
» RRT
22 (6.9%) 11 (6.4%) 11 (7.4%)
» eGFR<75% of baseline
46 (14%) 20 (12%) 26 (17%)
» Death
MAKE-90 330 (47%) 175 (38%) 155 (62%) <0.001
254 (77%) 142 (81%) 112 (72%) 0.151
» RRT
26 (7.9%) 12 (6.9%) 14 (9.0%)
» eGFR<75% of baseline
50 (15%) 21 (12%) 29 (19%)
» Death
Patients still requiring RRT 32 (4.5%) 20 (4.4%) 12 (4.8%) 0.939
MAKE-180 340 (48%) 178 (39%) 162 (65%) <0.001
255 (75%) 142 (80%) 113 (70%) 0.100
» RRT
34 (10%) 15 (8.4%) 19 (12%)
» eGFR<75% of baseline
51 (15%) 21 (12%) 30 (19%)
» Death
Patients still requiring RRT 5(0.7%) 2 (0.4%) 3 (1.2%) 0.49
MAKE-365 344 (49%) 178 (39%) 166 (66%) <0.001
256 (74%) 142 (80%) 114 (69%) 0.055
» RRT
37 (11%) 15 (8.4%) 22 (13%)
» eGFR<75% of baseline
51 (15%) 21 (12%) 30 (18%)
» Death
Patients still requiring RRT 4 (0.6%) 2 (0.4%) 2 (0.8%) 0.927

Data are presented as frequencies with percentages. MAKE outcomes include renal replacement therapy (RRT), estimated glomerular filtration rate
(eGFR) decline <75% of baseline and all-cause mortality.
* P values represent differences between COVID-19 and non-COVID-19 groups and were derived from y? tests. Patients still requiring RRT indicate

those with unresolved renal replacement needs at specific time points.

eGFR, estimated glomerular filtration rate; MAKEs, major adverse kidney events; RRT, renal replacement therapy.
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Table 3 Incidence of MAKE outcomes excluding mortality in COVID-19 versus non-COVID-19 groups
Overall (n=708) COVID-19 (n=458) Non-COVID-19 (n=250) P value*
MAKE outcome
MAKE-30 275 (42%) 152 (35%) 123 (56%) <0.001
253 (92%) 141 (93%) 112 (91%) 0.768
» RRT
22 (8.0%) 11 (7.2%) 11 (8.9%)
» eGFR<75% of baseline
MAKE-90 280 (43%) 154 (35%) 126 (57 %) <0.001
254 (91%) 142 (92%) 112 (89%) 0.456
» RRT
26 (9.3%) 12 (7.8%) 14 (11%)
» eGFR<75% of baseline
MAKE-180 289 (44%) 157 (36%) 132 (60%) <0.001
255 (88%) 142 (90%) 113 (86%) 0.276
» RRT
34 (12%) 15 (9.6%) 19 (14%)
» eGFR<75% of baseline
MAKE-365 293 (45%) 157 (36%) 136 (62%) <0.001
256 (87%) 142 (90%) 114 (84%) 0.127
» RRT

37 (13%)
» eGFR<75% of baseline

15 (9.6%)

22 (16%)

Data are presented as frequencies with percentages. MAKE outcomes exclude mortality and focus on renal replacement therapy (RRT) and

eGFR decline <75% of baseline.

*P values represent differences between COVID-19 and non-COVID-19 groups and were derived from y? tests. This analysis highlights non-

mortality drivers of MAKE outcomes.

eGFR, estimated glomerular filtration rate; MAKESs, major adverse kidney events; RRT, renal replacement therapy.

non-COVID-19 group, RRT initiation and eGFR decline
were observed at higher rates than in the COVID-19
group, particularly at earlier time points (MAKE-30 and
MAKE-90). The detailed breakdown of MAKEs by their
components, including mortality, eGFR decline and RRT
requirements, is provided in table 2.

To explore the non-mortality drivers of MAKE outcomes,
additional analysis was conducted, excluding mortality
from the composite endpoint (table 3). This revealed
that RRT and eGFR decline continued to show higher
incidences in the non-COVID-19 group at all time points
(MAKE-30, MAKE-90, MAKE-180 and MAKE-365), with
statistically significant differences for most comparisons.

Factors associated with major adverse kidney events

In the COVID-19 group, univariate analysis revealed
that male sex, older age, Black ethnicity, hyperten-
sion, diabetes, ischaemic heart disease, lower eGFR,
lower albumin and higher bilirubin levels were

associated with MAKE-365 (table 4, figure 2A), as well
as MAKE-30 (online supplemental tablet 1), MAKE-90
(online supplemental table 2) and MAKE-180 (online
supplemental table 3). In multivariable analysis,
older age, diabetes, lower eGFR and higher bilirubin
levels were significant predictors across all MAKE
outcomes, including MAKE-30, MAKE-90, MAKE-180
and MAKE-365.

In the non-COVID-19 group, univariate anal-
ysis indicated that lower WCC, lower eGFR, lower
albumin and higher bilirubin levels were associated
with MAKE-365 (table 4, figure 2B), MAKE-30 (online
supplemental table 1), MAKE-90 (online supple-
mental table 2) and MAKE-180 (online supplemental
table 3). Multivariable analysis identified lower eGFR,
lower albumin and higher bilirubin levels as consis-
tent independent predictors of MAKE-30, MAKE-90,
MAKE-180 and MAKE-365 development.
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Table 4 Binomial logistic regression analysis of factors associated with MAKE-365 in COVID-19 versus non-COVID-19 groups

COVID-19 group

Non-COVID-19 group

Characteristic

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

OR 95% Cl Pvalue aOR 95%Cl Pvalue OR 95% Cl P aOR 95%Cl P value

value

Age 1.04 1.02-1.06 <0.001 1.03 1.01-1.06 <0.001 1.00 0.98-1.01 0.8

Male 1.65 1.10-2.50 0.016 1.62 0.99-2.70 0.056 1.08 0.63-1.85 0.77

BMI 1.00 0.97-1.02 0.87 1.01 0.97-1.05 0.57

Ethnicity 0.026 0.2

White - — — — — -

Asian/Asian British 0.79 0.50-1.23 0.79 0.46-1.36 0.395 2.19 0.99-5.37

Black/African/ 2.04 0.96-4.47 0.90 0.34-2.39 0.838 1.9 0.64-6.95

Caribbean

Other 0.63 0.37-1.04 0.51 0.27-0.93 0.030 0.97 0.23-4.87

Hypertension 1.93 1.30-2.87 0.001 1.00 0.60-1.66 0.992 1.12 0.62-2.06 0.72

Diabetes mellitus  1.74 1.17-2.58 0.006 1.87 1.13-3.08 0.014 1.18 0.61-2.38 0.62

Obesity 0.82 0.56-1.19 0.29 1.39 0.79-2.50 0.26

Asthma 0.87 0.49-1.51 0.63 1.34 0.49-4.31 0.58

Ischaemic heart ~ 1.95 1.01-3.80 0.048 0.95 0.44-2.02 0.889 1.37 0.65-3.13 0.42

disease

Cancer 0.84 0.31-2.10 0.72 1.9 0.94-4.12 0.074

eGFR 0.95 0.93-0.96 <0.001  0.95 0.94-0.96 <0.001  0.97 0.96-0.98 <0.001 0.97 0.95-0.98 <0.001

White cell count  1.01 0.99-1.03 0.54 0.97 0.94-1.00 0.042 0.98  0.95-1.01 0.252

Neutrophils 1.08 0.99-1.07 0.12 0.99 0.96-1.00 0.21

Lymphocyte 1.03 0.98-1.18 0.31 0.9 0.71-1.14 0.37

Monocytes 1.00 0.94-1.05 >0.99 1.01 0.80-1.36 0.91

Eosinophils 2.39 0.93-14.8 0.078 0.46 0.11-1.46 0.19

Platelets 0.996  0.995-0.998 <0.001 0.998  0.996-0.999 0.035

Albumin 0.95 0.92-0.99 0.013 0.98 0.94-1.03 0.432 0.91 0.87-0.95 <0.001 0.89 0.84-0.94 <0.001

Bilirubin 1.02 1.01-1.05 0.003 1.03 1.01-1.06 0.016 1.04 1.02-1.06 <0.001 1.04 1.02-1.06 0.002

CRP 1.003  1.001-1.005 0.001 0.999  0.997, 1.001 0.66

Variables associated with MAKE-365 in the univariable analysis and included in a backward multivariable model. P values reported as <0.001 indicate statistical significance below this

threshold and were not rounded to an exact figure.

aOR, adjusted odds ratio; BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; OR, odds ratio.

Time to event of individual major adverse kidney event
outcome

The Kaplan-Meier curves for time-to-event data for
each MAKE component at 365 days from ICU admis-
sion among patients with MAKE-365 in the COVID-19
and non-COVID-19 groups are displayed in figure 3.

Renal replacement therapy

The Kaplan-Meier analysis revealed no significant
difference in the time to initiate RRT among patients
with MAKE-365 in both groups, with RRT initiation
commonly observed within the first 30 days following
ICU admission (p=0.53, log-rank test). The Cox
proportional hazards model further confirmed this
finding, with no significant difference in risk between
the two groups (HR=0.943, 95% CI: 0.737 to 1.207,
p=0.643).

Estimated glomerular filtration rate decline (<75% of baseline)
Patients in the non-COVID-19 group had a signifi-
cantly higher risk of eGFR decline compared with the

COVID-19 group over the 365-day follow-up period
(p=0.006, log-rank test). The Cox proportional
hazards model supported this observation with an HR
of 0.659 (95% CI: 0.490 to 0.888, p=0.006), indicating
a lower risk of eGFR decline in the COVID-19 cohort.

Mortality

A l-year survival was significantly lower in the non-
COVID-19 group compared with the COVID-19 group
(p=0.005, log-rank test). The Cox proportional hazards
model indicated a significantly higher risk of mortality in
the non-COVID-19 group (HR=1.457, 95% CI: 1.114 to
1.905, p=0.006).

Estimated glomerular filtration rate and mortality after
initiating renal replacement therapy

Patients requiring RRT earlier in admission showed
worse renal outcomes and survival rates than those who
did not. Initiation of RRT within 30 days was signifi-
cantly associated with lower eGFR at 1 year and higher
mortality in both COVID-19 (online supplemental table
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Figure 2 Forest plots of factors associated with major
adverse kidney event at 365 days (MAKE-365) in COVID-19
and non-COVID-19 acute respiratory distress syndrome
(ARDS) groups. Forest plots illustrating factors associated
with MAKE-365 in (A) COVID-19 and (B) non-COVID-19
ARDS groups, based on multivariable logistic regression
analysis. ORs with 95% CI are displayed. Significant
predictors in the COVID-19 group (A) include older age,
diabetes, lower eGFR and higher bilirubin levels, while
significant predictors in the non-COVID-19 group (B) include
lower eGFR, lower albumin and higher bilirubin levels. eGFR,
estimated glomerular filtration rate.

4) and non-COVID-19 groups (online supplemental
table 5). In the COVID-19 group, patients who received
RRT within 30 days and completed I-year follow-up
had a significant decrease in the median eGFR by 365
days compared with their eGFR on ICU admission
(p=0.00048), while there was no significant difference
in median eGFR in non-COVID-19 patients (p=0.35), as
displayed in figure 4.

Renal recovery

There were no significant differences between the
COVID-19 and non-COVID-19 groups in the proportion
of AKI patients who achieved complete renal recovery
at hospital discharge, as assessed at 30, 90 and 180 days
following ICU admission (online supplemental table 6).

Incidence of acute kidney injury and major adverse kidney
event at 365 days across acute respiratory distress syndrome
severities

In the COVID-19 group (n=458), there were no statisti-
cally significant differences in the incidence of AKI and
MAKE-365 across ARDS severities (p=0.276and p=0.17,
respectively) (online supplemental table 7), although
there was a trend of higher incidences of MAKE-365 in
the moderate to severe ARDS categories compared with
mild ARDS. In contrast, the non-COVID-19 group showed
a significant difference in the incidence of AKI (p=0.032)
and MAKE-365 (p=0.027) across ARDS severity cohorts
(online supplemental table 8). These data indicate thatin
the non-COVID-19 ARDS population, there is a stronger
association between ARDS severity and the incidences of
AKI and MAKE-365.

Incidence of major adverse kidney event among acute
respiratory distress syndrome patients with mainly
respiratory infection

The incidence of MAKE outcomes at 30, 90, 180 and 365
days after ICU admission among ARDS patients with only
respiratory infection is shown in online supplemental
table 9. This analysis included 658 patients, of which
458 were in the COVID-19 group and 200 in the non-
COVID-19 group. The incidence of MAKE-365 was higher
in the non-COVID-19 group (38.9% vs 61.0%, p<0.001).

Discussion

Our study fills the gap in understanding long-term kidney
outcomes for ICU admissions with ARDS, comparing
COVID-19 and non-COVID-19 patients. Non-COVID-19
ARDS patients had higher incidences of AKI, RRT and
MAKE-365. The primary drivers were RRT initiation,
mortality and eGFR decline. The higher incidence of
adverse outcomes in the non-COVID-19 cohort can be
attributed to both baseline population differences and
disease-specific factors. Non-COVID-19 patients presented
with a greater burden of comorbidities, including older
age, ischaemic heart disease and cancer, which may have
increased the risk of renal complications and mortality."’
Additionally, non-COVID-19 ARDS often involves a
heterogeneous mix of respiratory failure causes, such
as bacterial pneumonia and sepsis, which are known to
trigger multi-organ failure, whereas COVID-19 ARDS
typically presents with more isolated viral pneumonia.’

MAKE incidence increased over time (30, 90, 180
and 365 days) in both groups, typical for cumulative
outcomes. The higher MAKE-365 incidence in the non-
COVID-19 group suggests a more severe long-term ARDS
impact, aligning with Vinclair and De Montmollin,'* who
reported high MAKE incidences in venoarterial extracor-
poreal membrane oxygenation (VA-ECMO) patients.

It has been well-known that AKI contributes to higher
rates of morbidity and mortality, especially in patients
with ARDS." Our study found greater AKI incidence and
severity in the non-COVID-19 group, consistent with Pani-
tchote and Mehkri.'* Proposed mechanisms for AKI onset
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during ARDS include haemodynamic, metabolic and
neurohormonal imbalances, which have been extensively
described in previous literature.'” °

ARDS and IMV remain independent risk factors for AKI,
alongside older age, diabetes and cardiac dysfunction.'”
However, the observed differences in kidney outcomes
between COVID-19 and non-COVID-19 ARDS patients
may also reflect disease-specific pathology. COVID-19
ARDS is often characterised by viral pneumonitis with
a lower incidence of superimposed bacterial infections,
whereas non-COVID-19 ARDS frequently involves bacte-
rial sepsis and systemic inflammation, both of which are
known to worsen renal outcomes and contribute to multi-
organ failure."® Management strategies like lower oxygen
saturation tolerance and permissive hypercapnia increase
diuresis and renal resistive indices, potentially reducing
glomerular filtration rate (GFR) and leading to AKL'"

In the present study, the non-COVID-19 group, charac-
terised by older age, exhibited a higher prevalence of pre-
existing comorbidities (including ischaemic heart disease
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and cancer), elevated baseline serum creatinine levels,
decreased eGFR and elevated counts of circulating leuco-
cytes and neutrophils. While elevated leucocyte counts
indicate an inflammatory response rather than directly
indicating kidney dysfunction, these findings suggest
potential underlying health differences that could affect
renal outcomes. This aligns with findings from a prior
study comparing characteristics and outcomes of ARDS
patients with and without COVID-19."" These differences
underscore the complex interaction between pre-existing
health status, severity of illness and renal outcomes,
which likely contributed to the higher rates of MAKE-365
observed in the non-COVID-19 cohort.

There is limited published data investigating the risk
factors for MAKE-365 in COVID-19-related ARDS. The
present study found that older age, diabetes, reduced
eGFR and elevated bilirubin levels were strongly associ-
ated with a higher risk of MAKE-365 in the COVID-19
group. However, we acknowledge that baseline differences
in population characteristics, including comorbidities
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Figure 3 The Kaplan-Meier curves for time to event of individual MAKE outcome. These Kaplan-Meier curves illustrate no
difference in the initiation of RRT (A) for patients with MAKE-365 across both groups. However, the non-COVID-19 group
demonstrated a higher risk of eGFR decline (B) and decreased 1-year survival (C) compared with the COVID-19 group. eGFR,
estimated glomerular filtration rate; RRT, renal replacement therapy.
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Figure 4 Comparison of Median eGFR on day 1 and day
365 following ICU admission in patients who received RRT
within 30 days. This figure illustrates a significant difference
in the median eGFR by 365 days compared with their eGFR
on ICU admission, while there was no significant difference
in median eGFR in non-COVID-19 patients. eGFR, estimated
glomerular filtration rate; RRT, renal replacement therapy.

and severity of illness at ICU admission, may have influ-
enced these associations and should be considered when
interpreting the findings. A recently published study
demonstrated that COVID-19 patients with high direct
bilirubin levels had higher risks of shock and respiratory
failure during hospitalisation.”” Elevated bilirubin levels
may reflect underlying hepatic injury or systemic inflam-
mation, both of which can contribute to the severity of
illness in COVID-19 patients, potentially leading to worse
outcomes such as ARDS and multiple organ failure.*’

Our findings align with recent reports, such as Aklilu et
al7, who noted a lower incidence of MAKE in COVID-19
AKI patients compared with those with AKI from other
illnesses.” This suggests that long-term kidney outcomes
in COVID-19 survivors may be more favourable than
initially anticipated.

RRT initiation was higher in the non-COVID-19
group, consistent with current literature.”® * This may
be due to different pathophysiological presentations,
with COVID-19 ARDS patients often presenting single-
organ failure, while non-COVID-19 patients frequently
presented with multi-organ failure, increasing renal
impairment risk."" Resource limitations during the
pandemic may have led to a more cautious ‘wait-and-see’
approach to RRT initiation; however, all patients meeting
clinical criteria ultimately received RRT, and the impact
of delayed initiation on outcomes was minimised under
the START-AKI protocol.

Lumlertgul and Pirondini** found that $2% of
COVID-19 patients received RRT early in ICU stay. Indi-
cations included high urea, oliguria, hyperkalaemia,
acidosis, pulmonary oedema, rhabdomyolysis and fluid/
electrolyte imbalances.”® A common rationale while
treating ARDS patients with AKI is that early initiation of
RRT prevents fluid overload and uraemia, thus promoting

a faster recovery.”” However, in contrast with the previous
study, we found that patients who had RRT within 30
days were at a higher risk of mortality by 365 days in both
groups. It is important to note that these patients also
had lower baseline eGFRs. Therefore, it appears that it
is the severity of the AKI, rather than the RRT itself, that
increases the mortality risk. The recent STARRT-AKI study
supports this view, showing that accelerated RRT was asso-
ciated with worsened longer-term renal outcomes, partic-
ularly in patients with reduced eGFR.*®

We found a higher incidence of MAKE-365 in non-
COVID-19 ARDS patients, possibly due to several factors.
Non-COVID-19 respiratory infections may lead to multi-
organ failure, increasing renal impairment risk."" Su
et al” reported that kidney disease was associated with
higher mortality in non-COVID-19 respiratory infections.
A higher burden of comorbidities and different patient
demographics during admission may also contribute to
increased MAKE-365 incidence.

The present study assessed the renal recovery of AKI
patients at hospital discharge and found no signifi-
cant differences among those who had complete renal
recovery in the two groups at 30, 90 and 180 days. Inter-
estingly, the number of patients who had completed
renal recovery and received RRT in the COVID-19 group
increased over time. This observation may be related to
the unique pathophysiology and treatment protocols
for COVID-19 patients. Future research should explore
the factors contributing to the increased use of RRT in
COVID-19 patients who initially achieve renal recovery.

The findings of this study emphasise the importance of
MAKE-365 as a composite endpoint to assess long-term
kidney health following ARDS. Specifically, the results
highlight the need for targeted clinical interventions in
high-risk groups, such as patients with reduced eGFR and
elevated bilirubin levels, both of which were indepen-
dent predictors of MAKE-365 in this study. Closer moni-
toring of kidney function, earlier intervention strategies
for renal protection and individualised care plans based
on baseline risk factors may help improve long-term
outcomes. Additionally, MAKE-365 could serve as a useful
prognostic tool in the development of post-ICU discharge
care pathways, identifying patients who may benefit
from nephrology follow-up and chronic kidney disease
screening. Future clinical trials should explore whether
early detection and management of MAKE components
could reduce long-term morbidity and mortality in ARDS
survivors.

Our study’s strengths include a large sample size, consis-
tent management and lengthy follow-up, enhancing
the reliability and relevance of our findings. However,
several limitations should be acknowledged. The study
was conducted at a single centre, which may limit the
generalisability of the findings. Reliance on preadmission
eGFR estimates may have introduced variability in base-
line kidney function assessment. Additionally, the lack of
competing risk analysis could have influenced the inter-
pretation of long-term kidney outcomes. The unequal
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sample sizes between the COVID-19 (n=458) and non-
COVID-19 (n=250) cohorts could influence the statistical
power and contribute to baseline differences between the
groups. However, all available eligible patients meeting
the inclusion criteria during the study periods were
included, and adjustments for key baseline characteristics
were made in the multivariable analyses to account for
this imbalance.

The use of the MAKE-365 composite endpoint, while
aligned with internationally recognised nephrology defi-
nitions,”* reflects a cumulative outcome and may not fully
capture dynamic changes in renal function over time,
such as resolved kidney injury or new-onset dysfunction
during follow-up. This could obscure the distinction
between persistent kidney injury and recovered renal
function. To address this concern, we have presented
the individual MAKE components (RRT, reduced eGFR
and mortality) separately in table 2 to clarify the specific
drivers of MAKE incidence. Differences in ICU admission
criteria and resource constraints during the COVID-19
pandemic may have further contributed to selection bias.
Although all patients meeting clinical criteria ultimately
received RRT, a more cautious ‘wait-and-see’ approach
was sometimes applied, as described under the STAR-
RT-AKI protocol.

Additionally, the inclusion of patients from multiple
hospitals across the Midlands region led to some loss to
follow-up due to variations in electronic health record
systems and patient transfers between institutions, which
limited the ability to consistently capture long-term
follow-up data. Furthermore, the lengthy ICU stays and
muscle mass loss observed in some patients may have led
to an overestimation of renal recovery due to suppressed
creatinine levels. Despite these limitations, our find-
ings provide important insights into long-term kidney
outcomes in critically ill ARDS patients and emphasise
the need for further research using more dynamic renal
recovery metrics and competing risk models to fully
capture the complexity of kidney function changes over
time.

In summary, MAKE-365 was more prevalent in non-
COVID-19 ARDS patients, primarily driven by higher RRT
initiation and mortality rates. Key risk factors included
lower eGFR and elevated bilirubin in both groups, with
additional contributions from age and diabetes in the
COVID-19 cohort, and lower albumin levels in the non-
COVID-19 group. These findings emphasise the need for
continued research on adverse kidney events in ARDS
patients, with a focus on targeted interventions for high-
risk groups. Future strategies could explore developing a
risk score system to better predict MAKE-365 and improve
long-term outcomes.

X Dhruv Parekh @drdhruvparekh
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