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ABSTRACT 

Background. Cardiac surgery-associated acute kidney injury ( CSA-AKI) is a serious complication in patients undergoing 
cardiac surgery with extracorporeal circulation ( ECC) that increases postoperative complications and mortality. CSA-AKI 
develops due to a combination of patient- and surgery-related risk factors that enhance renal ischemia–reperfusion 

injury. Sodium-glucose cotransporter 2 inhibitors ( SGLT2i) such as empagliflozin reduce renal glucose reabsorption, 
improving tubulo-glomerular feedback, reducing inflammation and decreasing intraglomerular pressure. Preclinical 
studies have observed that SGLT2i may provide significant protection against renal ischemia–reperfusion injury due to 
their effects on inadequate mitochondrial function, reactive oxygen species activity or renal peritubular capillary 
congestion, all hallmarks of CSA-AKI. The VERTIGO ( EValuating the Effect of periopeRaTIve empaGliflOzin) trial is a 
Phase 3, investigator-initiated, randomized, double-blind, placebo-controlled, multicenter study that aims to explore 
whether empagliflozin can reduce the incidence of adverse renal outcomes in cardiac surgery patients. 

R

©
C
i

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/17/8/sfae229/7718102 by guest on 18 January 2026
eceived: 3.4.2024; Editorial decision: 10.6.2024

The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the
reative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) , which permits unrestricted reuse, distribution, and reproduction 
n any medium, provided the original work is properly cited. 

1 

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae229
https://orcid.org/0000-0002-1724-5229
https://orcid.org/0000-0002-0526-8722
mailto:a.coca.rojo@gmail.com
https://creativecommons.org/licenses/by/4.0/


2 A. Coca et al.

Methods. The VERTIGO study ( EudraCT: 2021-004938-11) will enroll 608 patients that require elective cardiac surgery 
with ECC. Patients will be randomly assigned in a 1:1 ratio to receive either empagliflozin 10 mg orally daily or placebo. 
Study treatment will start 5 days before surgery and will continue during the first 7 days postoperatively. All participants 
will receive standard care according to local practice guidelines. The primary endpoint of the study will be the 
proportion of patients that develop major adverse kidney events during the first 90 days after surgery, defined as ≥25% 

renal function decline, renal replacement therapy initiation or death. Secondary, tertiary and safety endpoints will 
include rates of AKI during index hospitalization, postoperative complications and observed adverse events. 
Conclusions. The VERTIGO trial will describe the efficacy and safety of empagliflozin in preventing CSA-AKI. Patient 
recruitment is expected to start in May 2024. 

GRAPHICAL ABSTRACT 

Coca, A.
Clinical Kidney Journal (2024)

a.coca.rojo@gmail.com
@CKJsocial

Conclusion: this is a Phase 3, randomized, double-blind, multicenter trial which 
will investigate the efficacy and safety of perioperative empagliflozin 10 mg in 
preventing cardiac surgery-associated AKI. 

Evaluating the effect of perioperative empagliflozin on cardiac
surgery-associated acute kidney injury: rationale and design of
the VERTIGO study

Trial design Intervention Outcomes

Phase 3; Randomized
Double-blind; Multicenter

Adults that require
elective cardiac surgery

with extracorporeal circulation

eGFR ≥ 30 mL/min

Empagliflozin Placebo

1st to 5th doses before surgery
(days –5 to –1)

6th dose
(on the day of surgery)

7th to 13th doses
(days +1 to +7)

90-day follow up

Primary endpoint – MAKE90
One or more of the following:
•≥ 25% eGFR decline from
    preoperative baseline
•Renal replacement therapy
    start
•Death

Secondary endpoints
•AKI of any stage during index admission
•Stage 3 AKI during index admission
•Renal replacement therapy start
•Death during index admission
•≥ 25% eGFR decline from preoperative
    baseline at day 90 after surgery

Keywords: acute kidney injury, cardiac surgery, ischemia, ischemia–reperfusion injury, survival analysis 
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KEY LEARNING POINTS 

What was known: 

• Cardiac surgery-associated acute kidney injury ( CSA-AKI) is a life-threatening complication that affects almost half of pa- 
tients undergoing cardiac surgery with extracorporeal circulation and is associated with higher incidence of postoperative 
complications and mortality.

• Although several preventive strategies have been tested to reduce the high rates of CSA-AKI, none has achieved convincing 
enough results to integrate these therapies in daily clinical practice.

This study adds: 

• Sodium-glucose cotransporter 2 inhibitors are a class of oral antidiabetic drugs that have demonstrated significant nephro- 
protective effects, slowing the progression of chronic kidney disease, as well as reducing proteinuria.

• The VERTIGO ( EValuating the Effect of periopeRaTIve empaGliflOzin) trial aims to describe the effect of perioperative em- 
pagliflozin to reduce the incidence of CSA-AKI in patients that require elective cardiac surgery.

Potential impact: 

• The trial will provide evidence about the efficacy and safety of empagliflozin in reducing the incidence and severity of CSA- 
AKI.

• If results are favorable, the planned intervention could be widely applied as a preventive therapeutic strategy in this clinical 
setting.
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NTRODUCTION 

ardiac surgery-associated acute kidney injury ( CSA-AKI) is a se- 
ious complication that affects up to 40% of patients undergo-
ng cardiac surgery with extracorporeal circulation ( ECC) . This 
omplication is associated with higher incidence of postoper- 
tive complications and mortality, longer in-hospital stay and 
ncreased healthcare costs [1 ]. 

The combination of risk factors such as age, patient comor-
idities such as hypertension, diabetes or peripheral artery dis- 
ase, together with other determinants associated with surgery 
tself, such as time on ECC, aortic cross-clamp time or high-dose
notrope administration, explain the high incidence of CSA-AKI 
2 ]. The joint action of these risk factors induces systemic and
enal tissue ischemia, increased oxidative stress and inflamma- 
ion [3 ]. 

Kidneys are especially vulnerable to ischemia, which occurs 
n two phases: during the initial phase, ischemia triggers nutri-
nt and oxygen supply reduction, causing kidney cell injury and
eath [4 ]. An intense inflammatory response develops during 
he second, reperfusion phase, which intensifies tissue damage 
nd leads to acute renal failure [5 ]. 

Over the last few years, several preventive strategies have 
een tested aiming at reducing the high rates of CSA-AKI and
ts consequences, including the use of albumin, erythropoietin 
r remote ischemic preconditioning, without achieving conclu- 
ive enough results to allow the integration of these therapies in
aily clinical practice [6 –8 ]. 
Sodium-glucose cotransporter 2 inhibitors ( SGLT2i) are a 

lass of oral antidiabetic drugs that inhibit renal glucose reab-
orption in the proximal tubule of the nephron, increasing re-
al glucose excretion, improving tubulo-glomerular feedback by 
nducing efferent arteriole vasodilation and decreasing intra- 
lomerular pressure. The consequence of these changes is a sig-
ificant short- and long-term nephroprotective effect [9 , 10 ]. 
SGLT2i induce a fasting-like state that facilitates fatty acid 

-oxidation, body adiposity reduction and ketone formation 
11 ]. Glycosuria resulting from SGLT2i administration reduces 
lasma glucose and insulin levels, creating an energy-deficient 
etabolic state that stimulates the synthesis of ketones such 
s β-hydroxybutyrate that can be used as an alternative en-
rgy source. This molecule has significant antioxidant and anti- 
r  
nflammatory effects due to its capacity to activate the hy-
roxycarboxylic acid receptor 2, stimulate anti-inflammatory 
acrophage subpopulations and the formation of prostaglandin 
2, or modulate the activity of antioxidant enzymes such as
atalase or manganese superoxide dismutase [9 , 12 –14 ]. β-
ydroxybutyrate is also capable of protecting mitochondrial 
unction and inhibiting hydroxyl radical activity that boosts
xidative stress–associated damage [15 , 16 ]. Depleted levels of
rostaglandin E2 or superoxide dismutase 1 concentrations in
idney tissue, as well as reduced mitochondrial abundance, have
een associated with more severe ischemic AKI [17 –19 ]. 

In parallel to their effect on ketone formation, SGLT2i have
dditional anti-inflammatory properties that generate synergis- 
ic effects, such as the inhibition of the NOD-like receptor Pyrin
omain containing protein 3 ( NLRP3) inflammasome, the mod- 
lation of metabolites of the tricarboxylic acid cycle or the re-
uction of reactive oxygen species activity [20 , 21 ]. Persistent
verexpression of NLRP3 has been associated with the severity
f ischemia–reperfusion-induced AKI [22 ]. In animal models of
enal ischemia, SGLT2i stimulated the expression of hypoxia-
nducible factor 1 ( HIF-1) , reducing the Bax/Bcl2 ratio in re-
al tissue, improving renal function and reducing apoptosis
23 ]. It has also been observed that SGLT2i prevented ischemia–
eperfusion-associated renal peritubular capillary congestion 
nd hemorrhage [24 ]. 

Results of the recent EMPA-KIDNEY ( The study of heart and
idney protection with empagliflozin) and DAPA-CKD ( A study to 
valuate the effect of dapagliflozin on renal outcomes and car-
iovascular mortality in patients with chronic kidney disease)
rials have demonstrated the ability of SGLT2i to reduce protein-
ria in chronic kidney disease, considerably slowing its progres-
ion [25 , 26 ]. The fundamentals for such effect, including down-
egulation of proinflammatory and profibrotic pathways in the
ubule or decreased energy expenditure via Na + /K + ATPase and
a + /H + exchanger 3, could perfectly well apply to ischemic AKI
27 ]. 

SGLT2i have shown great preclinical potential against 
schemia–reperfusion injury in multiple organs—including the 
idney—and with a wide administration window, from 7 days
o 2 h before ischemia–reperfusion injury. This effect seems to
e mediated through several mechanisms, such as increased
enal levels of glycogen synthase kinase 3 β, restoration of
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Figure 1: VERTIGO study design. ICU, intensive care unit. 
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rinary levels of microRNA-26a, or a downregulation in ischemic 
issue of the expression of proinflammatory markers such as 
nterleukin-1, interleukin-6 or tumor necrosis factor- α [28 –30 ]. 

There are no published data regarding key points of the study,
uch as the minimum effective dose of empagliflozin as a pre- 
entive therapy for CSA-AKI or the most appropriate timing for 
herapy initiation. Furthermore, SGLT2i have been considered as 
sick days drugs,” with some guidelines recommending against 
heir routine use during hospital stays [31 ]. Nevertheless, results 
f empagliflozin administration in patients admitted in inten- 
ive care/cardiac care units have already been reported, with an 
cceptable safety profile [32 , 33 ]. The results of our study will pro- 
ide key data regarding the efficacy and safety of empagliflozin 
n this setting. A dose of empagliflozin 10 mg has been chosen,
ince it has shown both long-term nephro- and cardio-protective 
fficacy, with a low incidence of adverse effects [25 , 34 ]. 

The aim of this trial is to analyze the effect of the periopera- 
ive administration of empagliflozin 10 mg in patients who will 
ndergo elective cardiac surgery with ECC on kidney function,
nflammation, oxidative stress, postoperative complications and 
ortality. To do this, we have designed a Phase 3, investigator- 

nitiated, randomized, double-blind, placebo-controlled, multi- 
enter study. 

ATERIALS AND METHODS 

tudy objective 

he primary aim of the VERTIGO ( EValuating the Effect of peri- 
peRaTIve empaGliflOzin) trial is to evaluate whether periopera- 
ive empagliflozin reduces the composite endpoint of worsening 
f renal function, defined as a decline in estimated glomerular 
ltration rate ( eGFR) of ≥25%, renal replacement therapy initi- 
tion or death during the first 90 days following surgery, com- 
ared with placebo, in patients requiring elective cardiac surgery 
ith ECC. Furthermore, the trial will evaluate the effects of em- 
agliflozin, compared with placebo, on postoperative AKI sever- 
ty, postoperative complications, length of intensive care unit 
nd in-hospital stay, as well as need for hospital readmission 
or cardiovascular disease, patient-reported quality of life and 
afety profile of empagliflozin in this setting. This study will 
e conducted in accordance with the declaration of Helsinki 
nd the International Council for Harmonisation Guidelines on 
ood Clinical Practice, and has been designed following the rec- 
mmendations of the COMET Handbook and the SPIRIT 2013 
tatement [35 , 36 ]. The first patient will be enrolled in May 2024
nd study completion is expected in approximately December 
025. The trial is registered with https://eudract.ema.europa.eu
 EudraCT: 2021-004938-11) . 

tudy design 

ERTIGO is a Phase 3, investigator-initiated, randomized,
ouble-blind, placebo-controlled, multicenter study that will re- 
ruit 608 patients at four third-level, academic hospitals. Figure 1 
hows the overall study design. 

rial participants 

rial participants will be adults that require elective cardiac 
urgery with ECC with a baseline eGFR > 30 mL/min/1.73 m2 .
dded inclusion and exclusion criteria are indexed in Table 1 . 

nrolment 

otentially eligible patients will be invited for screening. Those 
ho meet all inclusion criteria, and no exclusion criteria will be 
andomized within 3 days after the screening visit. 

andomization, stratification and blinding 

atients meeting all eligibility criteria will be randomized in a 
:1 ratio to receive either empagliflozin 10 mg orally daily or 
atching placebo in a double-blind manner. These patients will 
onstitute the primary intention-to-treat population for evalu- 
ting the efficacy and safety of the planned intervention. Ran- 
omization will be performed centrally employing an interactive 
eb system with a computer-generated randomization sched- 
le and will be stratified according to study site and diabetic 
tatus ( yes/no) to ensure a similar proportion of patients with 
nd without type 2 diabetes in both treatment groups. Block ran- 
omization with random block sizes will be employed to mini- 
ize selection bias. Planned enrolment is 608 patients from four 
ites. 

All patients and study personnel, except for the indepen- 
ent data-monitoring committee, will be kept blinded to treat- 
ent allocation. Empagliflozin and placebo will be packaged in 

https://eudract.ema.europa.eu
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Table 1: Inclusion and exclusion criteria. 

Inclusion criteria 
- ≥18 years of age 
- Requiring elective cardiac surgery with ECC 
- Able to understand the aim of the study and to provide written informed consent

Exclusion criteria 
- Emergent surgery 
- Endocarditis 
- Patients awaiting heart transplantation 
- Planned use of intra-aortic balloon pump 
- Type 1 diabetes 
- Chronic kidney disease with eGFR < 30 mL/min/1.73 m2 

- Severe liver dysfunction ( ALT or AST > 3 times above the upper limit of normality) 
- Active cancer 
- Active treatment with any SGLT2i 
- Known allergy to empagliflozin, any other SGLT2i or any of its excipients 
- Solid organ transplant recipients 
- Pregnant or lactating women 
- Patients who are participating in another clinical trial 

ALT, alanine transaminase; AST, aspartate transaminase. 

Figure 2: Study visit schedule. D, discharge; ICU, intensive care unit; IO, intraoperative; PO, preoperative. 
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n indistinguishable manner, with identical appearance and la- 
elling. Study medication will be administered in the morning,
xcept for the sixth dose ( first postoperative dose) , at approxi- 
ately the same time of the day throughout the study. 

chedule of assessments 

he first study visit will be performed immediately after study
articipants provide written informed consent, enrolment and 
andomization. Anthropometric information, baseline treat- 
ent and laboratory data will be recorded. Elective cardiac 
urgery will be programmed within 30 days of the first visit. The
esearch team will provide study medication to each participant.
oses 1–5 of study medication will be administered daily on the
ast 5 days before surgery ( Days –5 to –1) . The sixth dose will be
dministered within the first 8 h after surgery ( Day 0) . Doses 7–
3 will be administered daily during the first 7 days after surgery
 Fig. 1 ) . Previous research has not adequately defined the best
iming for SGLT2i initiation to prevent ischemia–reperfusion in- 
ury with protocols starting SGLT2i administration both before 
nd after the onset of injury [21 , 23 , 24 ]. However, empagliflozin
as been shown to reach the peak of its glycosuric effect within
he first 24 h after its administration, with further stabilization
ver the next 72 h. Moreover, renal protective effects of SGLT2i
eem to appear early after treatment initiation [23 , 37 ]. We chose
o start study medication 5 days before surgery to ensure a stable
nd sustained effect of empagliflozin on the kidney. 

The visit schedule is summarized in Fig. 2 . Vital signs, blood
nd urine samples, as well as information about study end-
oints, adverse events and other outcomes of interest, will be
ecorded in each visit. 
Discontinuation of the study drug will be required for pa-
ients who develop any serious adverse event that could reason-
bly be related to study medication, at the discretion of the treat-
ng physician. Patients who prematurely discontinue the study
rug but do not withdraw consent will continue follow-up visits
s scheduled if possible. 

utcome definitions and background medication 

he primary endpoint of the study will be the time to the first
ccurrence of any major adverse kidney event during the first
0 days after surgery ( MAKE90) . The components of MAKE90 will
e a ≥25% eGFR decline from preoperative baseline, the start of
enal replacement therapy or patient death. Secondary, tertiary
nd safety endpoints are listed in Table 2 . Treating physicians
ill be responsible for adjudicating possible postoperative com-
lications. 
Adverse event data will be recorded. Serious adverse events

nd adverse events that lead to premature study medication
iscontinuation or interruption will be immediately reported.
ackground medication will be left to the discretion of treating
hysicians, in accordance with local clinical practice guidelines.
ostoperative management will be performed according to each
enter’s protocol to ensure a real-world approach. 

ample size calculation and statistical analyses 

revious studies have observed an incidence of MAKE90 of 25%
mong patients that required elective cardiac surgery [38 , 39 ].
ssuming the prior proportion of MAKE90 to be 25% for the
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Table 2: Primary, secondary, tertiary and safety endpoint of the VERTIGO trial. 

Primary endpoint 
Proportion of patients that present MAKE90, defined as one or more of the following: 
- ≥25% eGFR decline from preoperative baseline 
- Start of renal replacement therapy 
- Patient death 

Secondary endpoints 
- Proportion of participants who developed any stage of AKI defined according to KDIGO guidelines during index admission 
- Proportion of patients who suffered a Stage 3 AKI according to KDIGO guidelines during index admission 
- Proportion of patients who required renal replacement therapy during index admission 
- Proportion of patients who died during index admission 
- Proportion of patients that maintain ≥25% eGFR decline from preoperative baseline 90 days after surgery 

Tertiary endpoints 
- Difference in total time ( h) on mechanical ventilation 
- Difference in mean daily dose of inotropes used 
- Difference in plasma levels of interleukin-6 and C-reactive protein 
- Difference in urinary levels of interleukin-18 and protein/creatinine ratio 
- Difference in serum interleukin-1 β and interleukin-18 concentration 
- Time to first occurrence of postoperative complications, defined as low cardiac output, reoperation for bleeding, delirium, seizures, 
surgical site infection, sepsis, arrhythmias, cardiac arrest, pneumonia, liver dysfunction or need for blood transfusion 

- Difference in total time ( days) spent in the ICU 

- Difference in total time ( days) of index hospital stay 
- Difference in rates of hospital readmission due to cardiovascular disease 
- Difference in frailty evaluation, represented by the results of the Clinical Frailty Scale 
- Patient reported quality of life EuroQoL-5D 

Safety endpoints 
- Adverse events 
- Serious adverse events ( i.e. adverse event that results in death, is considered life-threatening, requires or extends an hospitalization 
episode, causes disability or is judged as such according to the clinical criteria of the research team) 

- Discontinuation of study medication due to adverse events 

ICU, intensive care unit. 
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lacebo group, a sample size of 546 patients ( 273 patients per 
reatment group) will provide a 90% ( β = 0.10) power to detect 
 statistically significant difference of 10% in the proportion of 
atients with MAKE90 under a one-sided significance level of 5% 

 α = 0.05) , i.e. to detect a proportion of 15% for the empagliflozin 
roup. Finally, by taking in account a potential dropout rate of 
0% we determined a sample size of 608 patients ( 304 patients 
er treatment group) . 
Our trial will apply adaptive Bayesian methodology to es- 

imate the proportions of patients with the primary endpoint 
n both groups. For such a purpose, a conjugate beta-binomial 
odel will be used, allowing for continuous updates of poste- 

ior distributions as new samples are obtained. This means that,
s additional data are collected, proportion estimates will be 
ynamically adjusted, providing a real-time view of treatment 
ffectiveness in disease prevention. 

Two interim analyses will be carried out by the independent 
ata monitoring committee. These analyses will be carried out 
nce 30% and 60% of the planned study sample have been re- 
ruited. The objective of the first analysis will be to assess the 
utility of the study intervention, using conditional power anal- 
sis. The aim of the second analysis will be to evaluate the need 
o adjust the study sample size. Both interim analyses will be 
erformed by an external statistician to ensure that no loss of 
linding occurs. 

Primary endpoint analysis will be based on the intention-to- 
reat population, defined as all validly randomized patients. In 
he analysis of the primary endpoint, study treatments will be 
ompared using a Cox proportional hazards regression model 
ith a factor for the treatment group. Hazard ratio, 95% confi- 
ence interval and P -value will be reported. Kaplan–Meier esti- 
ates of the cumulative incidence to the occurrence of MAKE90 
ill be calculated. Secondary endpoints will be tested in a sim- 

lar manner. If superiority is achieved for the primary endpoint,
he secondary endpoints will be tested following a hierarchical 
rder, as follows. ( i) Any stage of AKI defined according to Kidney 
isease: Improving Global Outcomes ( KDIGO) guidelines during 
ndex admission. ( ii) Stage 3 AKI according to KDIGO guidelines 
uring index admission. ( iii) Time to renal replacement therapy 
nitiation during index admission. ( iv) Time to death from any 
ause. Statistical significance will be required before testing the 
ext hypothesis in the hierarchy. The effects of the planned in- 
ervention on primary and secondary outcomes will also be as- 
essed in subanalyses stratified by sex, baseline eGFR, diabetic 
tatus and type of planned surgery ( valvular/coronary/valvular 
nd coronary) . 

ISCUSSION 

ERTIGO is designed as a Phase 3, investigator-initiated, ran- 
omized, double-blind, placebo-controlled, multicenter study 
hat will examine whether empagliflozin added to standard care 
or patients that undergo elective cardiac surgery reduces the in- 
idence of MAKE up to 90 days after surgery. 

CSA-AKI is a common complication that occurs in approx- 
mately 20%–40% of patients that require cardiac surgery [40 ].
ts incidence is expected to increase in the coming years due 
o progressive changes in the profile of these patients, who are 
lder and suffer greater comorbidities. Multiple perioperative 
trategies have been implemented to reduce the incidence of 
idney-related adverse events associated with cardiac surgery.
hese include pharmacological, technical and management- 
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elated interventions, performed pre-, intra- and/or postopera- 
ively [40 ]. Published trials and meta-analyses are characterized 
y a marked lack of homogeneity in renal outcomes definition,
iming of planned intervention as well as length of follow-up. 

Certain interventions, such as perioperative sodium bicar- 
onate, n-acetylcysteine, dexmedetomidine or remote ischemic 
reconditioning have proved ineffective [8 , 41 , 42 ]. In addi- 
ion, several randomized controlled trials have offered con- 
icting results regarding actual efficacy of specific interven- 
ions, like the administration of erythropoietin or levosimendan 
7 , 43 , 44 ]. Additional controlled trials that were studying po-
ential treatment alternatives, such as hemoperfusion with Cy- 
oSorb during ECC ( NCT3384875) or teprasiran ( NCT03510897) ,
ere terminated early due to either undisclosed reasons or to
esults not meeting efficacy outcomes at the prespecified time 
oint. 
As a result, no preventive or therapeutic strategy for CSA-AKI,

utside of hemodynamic, respiratory and nutritional support,
as managed to effectively translate so far into daily clinical
ractice, while morbidity and mortality remain significantly in- 
reased not only in the acute postoperative period but also in the
nsuing years after surgery, generating index hospitalization- 
ssociated costs of approximately US $1.01 billion annually in 
he USA [45 , 46 ]. In this study we seek to test the potential of pe-
ioperative empagliflozin in preventing CSA-AKI and MAKE90. 

Several studies have observed incidence rates of MAKE90 in 
ardiac surgery patients of approximately 25% [38 , 39 ]. A sample
ize of 608 patients will provide power of 90% to demonstrate
 10% reduction in the incidence of MAKE90 with empagliflozin
ersus placebo. This proportion has been chosen as it has been
onsidered potentially achievable after reviewing the preclinical 
ata and results of previously conducted trials on the subject,
n addition to considering it as a clinically significant reduction
28 , 44 , 45 ]. Due to the existing limitations in relation to previ-
us data, two interim analyses have been planned to evaluate 
utility and the need for a sample size re-estimation, applying
daptive Bayesian methodology. Results of the interim analyses 
ill be reviewed by an independent data-monitoring committee,
ho will provide a recommendation to stop the trial early due to
utility or to maintain or increase the sample size. All research
eam members, as well as participants, will remain blinded until
tudy completion. 

The primary endpoint of the study will be the incidence of
AKE during the first 90 days after surgery. This endpoint has
een considered as a clinically meaningful tool that may help to
ncrease our capacity to understand AKI in a wide variety of clin-
cal settings, as well as providing a composite to allow compari-
on of potential interventions [47 ]. MAKE90 combines worsened 
enal function, defined as a decline in eGFR of ≥25%, new dialysis
r death, thus including new-onset or progressive renal dysfunc- 
ion of variable intensity, as well as death as the definitive major
orbid outcome. A renal composite such as MAKE90 allows as-
essment of renal disability-free survival, securing a higher pro- 
ortion of patients that suffer poor renal outcomes, in addition
o eliminating potential competing risks [47 ]. 

Secondary endpoints will provide additional information on 
he effect of empagliflozin on the incidence of AKI immediately
fter cardiac surgery. The use of KDIGO consensus criteria for
KI, a classification that employs serum creatinine levels as well
s urine output to classify AKI severity [48 ], will allow for easier
omparison of efficacy across different therapeutic strategies.
he description of the effect of the planned intervention on kid-
ey function will be completed with urinary biomarkers of AKI
uch as interleukin-18 or DKK3/albumin ratio. The results of sec-
ndary endpoints, in combination with the primary endpoint of
he study, will provide an extensive exploration of the efficacy of
mpagliflozin in preventing CSA-AKI in the study sample using
linically meaningful outcomes. 

Tertiary endpoints, such as time on mechanical ventilation
fter surgery, average inotrope dose, biomarkers of inflamma-
ion and AKI, frailty assessment, incidence of postoperative
omplications, as well as total length of intensive care unit and
ospital stay, or need for hospital readmission for cardiovascu-
ar disease, will allow us to analyze the short- and medium-term
ostoperative recovery of patients. 
The study will also provide information on the safety of pe-

ioperative empagliflozin in patients that require elective car-
iac surgery. The safety profile of SGLT2i, and specifically em-
agliflozin, has been extensively described in recent years, both
n patients with diabetes as well as in non-diabetic chronic kid-
ey disease [25 , 49 , 50 ]. Empagliflozin is generally well tolerated,
nd specific potential complications, such as symptomatic de-
ydration, hypoglycemia or urinary tract infections, will be care-
ully monitored and reported throughout the trial. 

Although multiple interventions have been tested aiming 
o reduce the incidence and severity of CSA-AKI, no treatment
trategy has been successfully translated into daily clinical prac-
ice. Therefore, our study will be placebo controlled. All partici-
ants in the study will receive standard treatment as per treating
hysicians and local practice guidelines. Randomization will be
tratified by center and diabetic status. To minimize the risk of
election bias, block randomization with random block sizes will
e employed. 

In summary, this trial will provide evidence about the ef-
cacy and safety of empagliflozin in reducing the incidence
nd severity of CSA-AKI in patients that require elective car-
iac surgery. To accomplish this task, we will use a Phase
, investigator-initiated, randomized, double-blind, placebo- 
ontrolled, multicenter design, using standard care in both study
roups and analyzing clinically relevant primary, secondary and
ertiary endpoints. Interim analysis will be conducted with the
urpose of assessing early futility and the need for sample size
djustment. Patient recruitment is expected to start in May 2024.
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