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Abstract
Background  Acute kidney injury (AKI) following transcatheter aortic valve implantation (TAVI) is associated with 
significantly worse outcomes, leading to increased short- and long-term mortality. We sought to evaluate the impact 
of sodium-glucose cotransporter 2 inhibitors (SGLT2i) on the risk of AKI in patients with type 2 diabetes mellitus 
(T2DM) and severe aortic stenosis (AS) undergoing TAVI.

Methods  Multicenter international registry of consecutive T2DM patients with severe AS undergoing TAVI between 
2021 and 2024. The study population was stratified by the presence of chronic kidney disease (CKD), defined 
according to the KDIGO guideline, and anti-diabetic therapy at hospital admission (SGLT2i versus no-SGLT2i users). AKI 
was defined according to the Valve Academy Research Consortium 3 (VARC-3) criteria.

Results  The study population consisted of 514 patients stratified into those without CKD (n = 226, 44%), of whom 43 
(19%) were treated with SGLT2i, and 288 (56%) with CKD, of whom 71 (24.7%) were on SGLT2i treatment. The median 
age was 81 [77–84] years, and 60.1% were males. SGLT2i use did not impact renal function in patients without CKD, 
with AKI occurring in 7.1% of the cases, regardless of SGLT2i use. Among CKD patients, AKI occurred more frequently 
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Introduction
Sodium-glucose cotransporter 2 inhibitors (SGLT2i, 
gliflozins) have been shown to improve kidney and car-
diovascular outcomes in patients with type 2 diabetes 
mellitus (T2DM) [1–3]. Recent evidence also highlights 
their nephroprotective effects in chronic kidney disease 
(CKD), even in patients without T2DM [4, 5]. The dem-
onstrated benefits of SGLT2i and the growing body of 
supporting evidence have heightened interest in expand-
ing their use as a potential therapeutic option for patients 
with aortic stenosis (AS) [6–8]. A recent retrospective, 
observational study suggested that SGLT2i might slow 
the progression of non-severe AS [8]. Furthermore, an 
observational multicenter study revealed that in T2DM 
patients with severe AS and extra-valvular cardiac dam-
age (EVCD) undergoing transcatheter aortic valve 

implantation (TAVI), SGLT2i use was associated with 
more favorable cardiac remodeling and a reduced risk of 
major adverse cardiovascular events (MACE) at 2-year 
follow-up [7]. However, the underlying pathophysiologi-
cal mechanisms remain to be fully elucidated.

Acute kidney injury (AKI) in patients undergoing 
TAVI has been shown to significantly worsen outcomes, 
increasing both short- and long-term mortality. More-
over, AKI is associated with prolonged hospitalizations 
and a higher risk of further renal impairment, establish-
ing it as a critical prognostic marker in this high-risk 
population [9–12].

Currently, the impact of SGLT2i on AKI occurrence 
in diabetic patients with severe AS undergoing TAVI 
remains unexplored, especially in patients with CKD 
[13]. Thus, this study aimed to investigate the risk of AKI 

in no-SGLT2i users compared to those receiving SGLT2i (19.8% versus 8.5%, p = 0.027), with a significant increase in 
post-TAVI and discharge serum creatinine values for no-SGLT2i users (p = 0.001 after TAVI and p < 0.001 at hospital 
discharge). Only in the CKD group, the use of SGLT2i was identified as an independent predictor of a lower rate 
of AKI (OR 0.70, 95%CI 0.42–0.91, p = 0.014). Patients who developed AKI had a higher incidence of major adverse 
cardiovascular events during follow-up, regardless of CKD (p < 0.025 for both groups).

Conclusion  In diabetic patients with CKD undergoing TAVI, SGLT2i therapy was associated with a lower occurrence 
of AKI compared to those not treated with SGLT2i, suggesting a potential nephroprotective effect in this high-risk 
population.

Keywords  SGLT2i, Transcatheter aortic valve implantation (TAVI), Acute kidney injury, Chronic kidney disease, Aortic 
stenosis

Graphical abstract
Summary of the main findings of the study.
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after TAVI in T2DM patients with or without CKD, com-
paring those treated with SGLT2i (SGLT2i users) versus 
those receiving other anti-diabetic agents (no-SGLT2i 
users).

Methods
Study population
This international observational registry included con-
secutive T2DM patients with severe AS undergoing 
TAVI between January 2021 and June 2024. Patients with 
incomplete information on medical therapy at hospital 
admission and incomplete determinations of serum cre-
atinine (SCr) at the time-points required for the assess-
ment of AKI (baseline, within 48  h after TAVI, and at 
discharge) were excluded. Further exclusion criteria 
were: estimated glomerular filtration rate (eGFR) < 20 ml/
min/1.73 m2, follow-up data unavailable or shorter than 
6  months, and inability to provide informed consent. 
The standard transthoracic echocardiographic (TTE) 
protocol is described in Supplementary Files– Extended 
Methods. The definition of severe AS, AS phenotype, 
and indication for TAVI followed current guidelines 
(Supplementary Files– Extended Methods) [14, 15]. The 
extent of extra-valvular cardiac damage (EVCD) was 
classified into five stages based on a model proposed by 
Genereux et al. [16], with detailed descriptions of each 
stage provided in the Supplementary Files—Extended 
Methods. All patients with CKD underwent a pre-pro-
cedural hydration protocol before TAVI, according to 
local institutional practices. All TAVI procedures were 
performed under conscious sedation as per standard of 
care. The technical success and procedural safety of TAVI 
were defined according to the Valve Academy Research 
Consortium 3 (VARC-3) criteria [11]. The study popu-
lation was stratified by the presence of CKD, defined as 
eGFR < 60  ml/min/m2, according to the Kidney Disease 
Improving Global Outcomes (KDIGO) guideline [17]. 
Based on anti-diabetic therapy at hospital admission, 
each group was further divided into SGLT2i users, if 
the patients were admitted on SGLT2i therapy (started 
at least 1 month before hospitalization), and no-SGLT2i 
users, if they received other antidiabetic drugs. The pres-
ent study was conducted according to the principles 
of the Declaration of Helsinki. The institutional review 
boards approved the protocol. All patients were informed 
about their participation in the registry and provided 
informed consent for the anonymous publication of sci-
entific data.

Study objectives
The SCr concentration was measured in all patients at 
least at hospital admission, within 48 h after TAVI, and at 
hospital discharge. The highest SCr level within 48 h after 
TAVI was used to diagnose AKI. The latter was defined 

as an increase of ≥ 0.3 mg/dL (≥ 26.4 mmol/L) within 48 h 
after TAVI or an increase in SCr ≥ 150–200% (≥ 1.5–2.0 
increase) within hospital discharge compared with base-
line, according to the Valve Academy Research Consor-
tium 3 (VARC-3) criteria [11].

The primary objective was to compare the occurrence 
of AKI among T2DM patients undergoing TAVI treated 
with SGLT2i therapy versus no-SGLT2i users, both in 
patients with and without CKD. Secondary objectives 
included all-cause death, cardiovascular death, and hos-
pitalization for heart failure (HF) at 2-year follow-up. 
MACEs were defined as a composite of all-cause death 
and HF hospitalization at 2-year follow-up. The defini-
tions of each clinical outcome followed current standards 
and are specified in the Supplementary Files [18].

Statistical analysis
The normal distribution of continuous variables was 
assessed by histograms and Q-plot; the Shapiro–Wilk 
test was used when required. Continuous variables with 
normal distribution were expressed as the mean ± stan-
dard deviation, and non-normally distributed variables 
as median and interquartile range. Normal ranges were 
presented as the 5th and 95th percentiles. Categorical 
variables were expressed as counts and percentages. Dif-
ferences between groups were analyzed using the t-test 
or the Mann–Whitney U-test for continuous variables 
and the chi-square test or Fisher’s exact test for categori-
cal variables, as appropriate. To compare paired data, 
a Wilcoxon signed test, a paired sample T-test, or the 
Friedman test were performed as appropriate. Univari-
able analysis was performed to identify clinically rele-
vant variables associated with AKI in patients with and 
without CKD. Variables showing statistical significance 
at the 5% level in univariable analysis were then entered 
into a multivariable logistic regression analysis to iden-
tify independent predictors of AKI. The odds ratio (OR) 
and the associated 95% confidence interval (CI) for each 
variable were determined. Kaplan–Meier analysis and 
Log-rank test were used to compare the cumulative inci-
dence of clinical events between groups. A p-value < 0.05 
was considered statistically significant. All analyses were 
performed using R statistical software version 3.5.2 
(R  Foundation for Statistical Computing, Vienna, Aus-
tria), Statistical Package for Social Sciences, version 28.0 
(SPSS, PC version, Chicago, IL, USA), and GraphPad 
Prism (GraphPad Software, Inc., CA, US).

Results
Study population
The study population consisted of 514 diabetic patients 
with severe AS undergoing TAVI, stratified into those 
without CKD (n = 226, 44%), of whom 43 (19%) were 
treated with SGLT2i, and those with CKD (n = 288, 56%), 
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of whom 71 (24.7%) were on SGLT2i therapy. The study 
flowchart is shown in Supplementary Fig. 1. The median 
age of the overall study population was 81 [77–84] years, 
and 60.1% were males. All patients were hemodynami-
cally stable. Among SGLT2i users (n = 114, 22.2%), 60 
(52.6%) patients were prescribed dapagliflozin and 54 
(47.4%) empagliflozin. In this cohort, all patients contin-
ued SGLT2i therapy throughout the hospitalization for 
the TAVI procedure, with no interruptions either before 
or after the intervention. No patient had to discontinue 
SGLT2i for hypoglycemic episodes or ketoacidosis occur-
ring during hospitalization.

Patients without CKD: SGLT2i versus no-SGLT2i users
Among patients without CKD, SGLT2i users were signifi-
cantly younger compared to no-SGLT2i ones (p = 0.024), 
with no sex differences. The prevalence of cardiovascular 

risk factors, comorbidities, and clinical presentation was 
similar in both cohorts (Table 1). The STS-PROM score, 
renal function, and glucose-metabolic control were also 
not different between the 2 study groups (Table  1). No 
difference in AS severity was observed, even though the 
rate of low gradient (LG) AS was higher among SGLT2i 
users (p = 0.008) (Table 2). Thus, SGLT2i users had a sig-
nificantly lower baseline LVEF compared to no-SGLT2i 
ones (p = 0.009) (Table  2). No significant difference was 
observed in baseline EVCD, with a similar percentage of 
patients presenting advanced EVCD with right chamber 
involvement in both groups (Table  2). Medical therapy 
at hospital admission was similar in both groups, except 
for a higher rate of mineral-corticoid receptor antagonist 
use among SGLT2i users (Supplementary Table 1). Pro-
cedural data are reported in Supplementary Table 2. Vas-
cular access, procedural time, and contrast dose did not 

Table 1  Study population baseline characteristics, clinical presentation and laboratory tests of SGLT2i users and no-SGLT2i users, 
according to the presence of CKD

No CKD N = 226 CKD N = 288
SGLT2i users N = 43 No-SGLT2i users 

N = 183
p -value SGLT2i users N = 71 No-SGLT2i users 

N = 217
p 
-value

Baseline characteristics
Age, years 79 [75–82] 81 [77–84] 0.024 78 [74–82] 82 [78–85]  < 0.001
Male Sex, n (%) 31 (72.1) 124 (67.8) 0.582 48 (67.6) 120 (55.3) 0.068
BMI, kg/m2 27.7 [24–31.5] 26.4 [23.5–29.3] 0.162 26.3 [23.3–29] 25.6 [23.7–28.8] 0.701
BSA, m2 1.9 [1.8–2] 1.8 [1.7–1.9] 0.004 1.9 [1.8–2] 1.8 [1.7–1.9] 0.071
Hypertension, n (%) 34 (79.1) 152 (83.1) 0.537 55 (77.5) 185 (85.3) 0.126
Dyslipidemia, n (%) 40 (93) 152 (83.1) 0.101 56 (78.9) 183 (84.3) 0.288
COPD, n (%) 5 (11.6) 35 (19.1) 0.246 14 (19.7) 43 (19.8) 0.986
Cancer, n (%) 4 (9.3) 28 (15.3) 0.310 11 (15.5) 26 (12) 0.443
AF, n (%) 18 (41.9) 61 (33.3) 0.291 43 (60.6) 91 (41.9) 0.006
PAD, n (%) 8 (18.6) 37 (20.2) 0.812 16 (22.5) 54 (24.9) 0.689
Previous HF hospitalization, n (%) 11 (25.6) 31 (16.9) 0.190 28 (39.4) 77 (35.5) 0.548
CAD, n (%) 24 (55.8) 82 (44.8) 0.193 46 (64.8) 135 (62.2) 0.697
Prior PCI, n (%) 15 (34.9) 51 (27.9) 0.363 27 (38) 94 (43.3) 0.433
Prior CABG, n (%) 5 (11.6) 17 (9.3) 0.642 13 (18.3) 43 (19.8) 0.781
Prior MV surgery, n (%) 0 (0) 6 (3.3) 0.229 1 (1.4) 2 (0.9) 0.726
STS PROM score 4.5 [3–6.9] 4.2 [3–7] 0.768 7.2 [4.2–11.5] 7.1 [4–12.1] 0.751
Clinical presentation
Angina, n (%) 8 (18.6) 19 (10.4) 0.135 11 (15.5) 44 (20.3) 0.373
Syncope, n (%) 3 (7) 22 (12) 0.343 7 (9.9) 12 (5.5) 0.202
Dyspnea, n (%) 42 (97.7) 172 (94) 0.099 68 (95.8) 207 (95.4) 0.893
NYHA ≥ 2, n (%) 38 (88.4) 168 (91.8) 0.476 65 (91.5) 207 (95.4) 0.220
Admission lab test
Hemoglobin, g/dl 12.7 ± 1.9 12.1 ± 1.7 0.108 11.8 ± 1.7 11.6 ± 1.6 0.223
Creatinine, mg/dL 0.90 ± 0.15 0.89 ± 0.18 0.696 1.70 ± 0.40 1.56 ± 0.40 0.017
eGFR, mL/min/m2 76 ± 11 74 ± 12.4 0.364 37 ± 10 38 ± 10 0.604
HbA1c, mmol/mol 44 [41–52] 47 [38–55] 0.759 53 [40–58] 47 [41–56] 0.354
NT pro-BNP, ng/L 1864 [436–10172] 1951 [450–4580] 0.633 3248 [1207–9388] 4343 [2071–9175] 0.505
Continuous variables are presented as mean ± SD or as median [IQR]; while categorical variables as number (%).CKD, chronic kidney disease; SGLT2i, sodium-glucose 
co-transporter 2 inhibitors; BMI, body mass index; BSA, body surface area; COPD, chronic obstructive pulmonary disease; AF, atrial fibrillation; PAD, peripheral artery 
disease; HF, heart failure; CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; MV, mitral valve; STS PROM, 
Society of Thoracic Surgeons predicted risk of mortality; NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; 
NT pro-BNP, N-terminal pro–B-type natriuretic peptide
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differ between the 2 cohorts. A similar rate of significant 
paravalvular leak, permanent pacemaker implantation, 
vascular and neurological complications, and bleeding 
events was observed between the 2 study groups (Supple-
mentary Table 2).

Patients with CKD: SGLT2i versus no-SGLT2i users
Among CKD patients, SGLT2i users were significantly 
younger compared to patients not treated with SGLT2i 
(p < 0.001), with no sex differences. Cardiovascular risk 
factors, comorbidities, and clinical presentation were 
similar between the two groups, except for a higher rate 
of atrial fibrillation among SGLT2i users (Table  1). The 
STS-PROM score and glucose-metabolic control were 
not different between the 2 study groups (Table 1). Simi-
lar to patients without CKD, CKD patients treated with 
SGLT2i had more frequently LG AS (p = 0.034), thus 
showing a lower LVEF (p = 0.001), a lower peak aortic 
velocity (p < 0.001), and a lower mean aortic valve gradi-
ent (p = 0.023) (Table  2). No differences in EVCD were 
observed between the two groups, with around 45% of 

patients presenting advanced EVCD with right chamber 
involvement in both groups (Table 2). Medical therapy at 
hospital admission was similar in both groups (Supple-
mentary Table 1). Procedural characteristics and success 
did not differ between the 2 study groups (Supplemen-
tary Table 2).

Impact of SGLT2i on AKI occurrence
The distribution of SCr and changes in individual SCr 
values at baseline, within 48 h after TAVI, and at hospital 
discharge stratified by the presence of CKD are shown in 
Fig. 1.

Among patients without CKD, the mean SCr at hos-
pital admission was 0.90 ± 0.17 mg/dl (eGFR 74 ± 12 ml/
min/m2), with no significant differences between SGLT2i 
and no-SGLT2i users. AKI occurred in 7.1% of the cases, 
regardless of SGLT2i use. Thus, no significant changes 
in SCr levels were observed across the 3 timepoints in 
both SGLT2i and no-SGLT2i users, with the mean post-
TAVI and discharge SCr being similar in the 2 study 
groups (p = 0.328 and p = 0.896, respectively) (Fig.  2). At 

Table 2  Baseline echocardiographic characteristics and cardiac damage staging of SGLT2i users and no-SGLT2i users, according to the 
presence of CKD

No CKD N = 226 CKD N = 288
SGLT2i users N = 43 No-SGLT2i users N = 183 p -value SGLT2i users N = 71 No-SGLT2i users N = 217 p -value

LVEDDi, mm/m2 27 ± 5 28 ± 4 0.704 29 ± 4 28 ± 4 0.075
LVEDVi, mm/ m2 70 ± 33 64 ± 27 0.362 74 ± 26 70 ± 24 0.321
IVS, mm 13 [12–14] 12 [11–14] 0.182 12 [11–13] 12 [11–13] 0.327
LV Mass index, g/m2 127 ± 27 119 ± 31 0.113 131 ± 31 127 ± 30 0.336
2D BP LVEF, % 44 [35–55] 50 [40–60] 0.009 38 [28–47] 45 [36–55] 0.001
LAVi, ml/m2 44 ± 15 46 ± 20 0.106 46 ± 18 49 ± 14 0.055
E/e’ mean 15 ± 5 16 ± 6 0.156 19 ± 7 18 ± 7 0.557
Significant MR, n (%)· 14 (32.6) 50 (27.3) 0.493 22 (31) 80 (36.9) 0.368
Significant TR, n (%)· 10 (23.3) 23 (12.6) 0.074 17 (23.9) 52 (24) 0.997
Significant AR, n (%)· 6 (13.9) 23 (12.6) 0.807 13 (18.3) 36 (16.6) 0.738
TAPSE, mm 19 [17–24] 19 [17–24] 0.474 18 [15–20] 19 [17–22] 0.017
PASP, mmHg 35 [33–47] 36 [30–46] 0.887 40 [33–50] 41 [34–55] 0.490
Peak aortic jet velocity, m/s 4.1 ± 0.8 4 ± 0.7 0.586 3.5 ± 0.5 4 ± 0.7  < 0.001
Max AV gradient, mmHg 60 ± 25 65 ± 22 0.178 50 ± 15 60 ± 20  < 0.001
Mean AV gradient, mmHg 46 ± 28 42 ± 14 0.895 34 ± 14 40 ± 15 0.023
AVA, cm2 0.73 ± 0.19 0.73 ± 0.17 0.913 0.80 ± 0.17 0.72 ± 0.18 0.001
AVAi, cm2/m2 0.39 ± 0.09 0.41 ± 0.10 0.166 0.43 ± 0.09 0.40 ± 0.10 0.001
LF AS, n (%) 19 (44.2) 44 (24) 0.008 38 (53.5) 85 (39.2) 0.034
Extra-valvular Cardiac Damage Staging, n (%)
Stage 0 2 (4.7) 14 (7.7) 0.436 2 (2.8) 6 (2.8) 0.657
Stage 1 5 (11.6) 41 (22.4) 6 (8.5) 25 (11.5)
Stage 2 21 (48.8) 82 (44.8) 29 (40.8) 98 (45.2)
Stage 3 6 (13.9) 18 (9.8) 14 (19.7) 45 (20.7)
Stage 4 9 (20.9) 28 (15.3) 20 (28.2) 43 (19.8)
Continuous variables are presented as mean ± SD or as median [IQR]; while categorical variables as number (%).CKD, chronic kidney disease; SGLT2i, sodium/glucose 
cotransporter 2 inhibitors; LVEDDi, left ventricular end-diastolic diameter indexed; LVEDVi, left ventricular end-diastolic volume indexed; IVS, interventricular 
septum; LV, left ventricle; BP, biplane; LVEF, left ventricular ejection fraction; LAVi, left atrial volume indexed; MR, mitral regurgitation; TR, tricuspid regurgitation; AR, 
aortic regurgitation; TAPSE, tricuspid annular plane systolic excursion; PASP, systolic pulmonary artery pressure; Max, maximum; AV, aortic valve; AVAi, aortic valve 
area indexed; LF-LG, low flow low gradient; AS, aortic stenosis

• ≥ moderate MR/TR
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multivariable analysis, after adjusting for confounding 
factors, LVEF (OR 0.94; 95% CI 0.89–0.98, p = 0.019), 
advanced EVCD stages (OR 3.89; 95% CI 1.25–12.14, 
p = 0.018) and bleeding events (OR 5.73; 95% CI 1.56–
11.14, p = 0.003), were found as independent predictors of 
AKI (Table 3).

Among CKD patients, the mean SCr at hospital 
admission was higher in SGLT2i users compared to no-
SGLT2i ones (1.70 ± 0.40  mg/dl versus 1.56 ± 0.40  mg/
dl, p = 0.017) (Table 1 and Fig. 2). Notably, AKI occurred 
more frequently in no-SGLT2i users compared to those 
treated with SGLT2i (19.8% versus 8.5%, p = 0.027) 
(Fig. 3). Indeed, despite the similar SCr values after TAVI 

Fig. 2  At the top, a line plot with error bars showing the changes of the creatinine values across the 3-time points of the study (pre-TAVI, post-TAVI, and 
hospital discharge), in patients with and without CKD, comparing those treated with SGLT2i vs. no-SGLT2i users. Red lines represent the SGLT2i users; blue 
lines represent the no-SGLT2i users. At the bottom, the table summarizing creatinine values and statistical comparisons at each time point, including p 
-values and changes in serum creatinine (ΔSCr). SGLT2i, sodium-glucose co-transporter 2 inhibitors; CKD, chronic kidney disease; TAVI, transcatheter aortic 
valve implantation; ΔSCr, changes in serum creatinine values

 

Fig. 1  Distribution (panels A, C, E, G) and boxplot with strip chart (panels B, D, F, H) showing individual serum creatinine values at hospital admission, 
post-TAVI, and hospital discharge, stratified by the presence of CKD. Paired data of admission, post-TAVI, and discharge were compared for each group 
using the Friedman test. SGLT2i, sodium-glucose co-transporter 2 inhibitors; CKD, chronic kidney disease; TAVI, transcatheter aortic valve implantation
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and at hospital discharge between the two groups, the 
increase in SCr values compared to baseline (ΔSCr) was 
significantly higher among no-SGLT2i users (p = 0.001 
after TAVI and p < 0.001 at hospital discharge) (Fig.  2). 
Remarkably, in patients treated with SGLT2i, SCr 

levels significantly decreased after TAVI and at hospi-
tal discharge compared to baseline values (p < 0.001, 
Fig.  1—Panel H). Accordingly, eGFR values at hospi-
tal discharge were significantly higher among SGLT2i 
users versus those treated with other antidiabetic drugs 

Table 3  Univariable and multivariable analysis testing predictors of AKI, stratified by the presence of CKD
AKI No-CKD CKD

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

Variables OR 95%CI p -value OR 95%CI p -value OR 95%CI p -value OR 95% CI p -value
Age 0.95 0.87–1.03 0.228 – – – 0.98 0.92–1.03 0.465 – – –
Gender, male 0.52 0.15–1.87 0.313 – – – 0.59 0.31–1.04 0.091 – – –
Hypertension 0.62 0.21–2.03 0.431 – – – 3.55 1.06–4.91 0.040 3.04 0.85–9.87 0.087
Dyslipidemia 1.05 0.29–3.86 0.940 – – – 1.06 0.46–2.43 0.888 – – –
COPD 2.27 0.74–6.95 0.150 – – – 1.22 0.58–2.56 0.609 – – –
AF 2.57 0.92–7.19 0.122 – – – 1.13 0.61–2.08 0.706 – – –
PAD 3.52 0.93–6.23 0.109 – – – 2.09 1.08–4.03 0.028 1.92 0.93–3.95 0.078
CAD 3.61 0.74–5.12 0.223 – – – 1.27 0.66–2.43 0.475 – – –
Hemoglobin, g/dl 0.94 0.69–1.29 0.716 – – – 0.63 0.35–1.09 0.113 – – –
HbA1c 1.03 0.95–1.13 0.461 – – – 1.04 0.98–1.08 0.106 – – –
LVEF 0.93 0.89–0.98 0.004 0.94 0.89–0.98 0.019 0.96 0.93–0.99 0.003 0.95 0.92–0.98 0.001
EVCD Staging 3–4 4.93 1.71–4.23 0.003 3.89 1.25–12.14 0.018 1.25 0.67–2.32 0.477 – – –
Contrast dose, ml 0.99 0.99–1.01 0.459 – – – 1.01 0.99–1.01 0.241 – – –
Bleeding events* 5.66 1.41–10.23  < 0.001 5.73 1.56–11.14 0.003 3.69 1.42–9.59 0.007 2.81 1.01–7.93 0.045
MRA 1.41 0.51–3.91 0.521 – – – 0.56 0.28–1.11 0.094 – – –
RAASi 0.98 0.35–2.82 0.977 – – – 0.72 0.39–1.33 0.294 – – –
ARNI – – – – – – 0.36 0.46–2.84 0.362 – – –
Diuretics 2.18 0.93–5.07 0.559 – – – 1.45 0.87–2.52 0.681 – – –
Statins 1.35 0.37–4.94 0.646 – – – 0.86 0.42–1.76 0.675 – – –
SGLT2i 0.98 0.28–3.61 0.977 – – – 0.77 0.45–0.93 0.032 0.70 0.42–0.91 0.014
AKI, acute kidney injury; CKD, chronic kidney disease; OR, Odds Ratio; CI, Confidence Interval; COPD, chronic obstructive pulmonary disease; AF, atrial fibrillation; 
PAD, peripheral artery disease; CAD, coronary artery disease; HbA1c, glycated hemoglobin; LVEF, left ventricle ejection fraction; EVCD, extra-valvular cardiac 
damage; MRA, mineralocorticoid receptor antagonists; RAASi, renin–angiotensin–aldosterone system inhibitors; ARNI, angiotensin receptor/neprilysin inhibitor; 
SGLT2i, sodium/glucose cotransporter 2 inhibitors
* Bleeding events were defined according to the Valve Academic Research Consortium 3 (VARC-3) criteria, by Généreux P, Piazza N, Alu MC et al., J Am Coll Cardiol 2021

Fig. 3  Rate of AKI stratified according to the presence of CKD. SGLT2i, sodium-glucose co-transporter 2 inhibitors; AKI, acute kidney injury; CKD, chronic 
kidney disease
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(Supplementary Fig. 2). Among CKD patients, at multi-
variable analysis, after adjusting for confounding factors, 
the use of SGLT2i was identified as an independent pre-
dictor of a lower rate of AKI (OR 0.70; 95% CI 0.42–0.91, 
p = 0.014), together with LVEF (OR 0.95; 95%CI 0.92–
0.98, p = 0.001). Conversely, bleeding events were found 
to be independent predictors of a higher AKI risk (OR 
2.81; 95%CI 1.01–7.93, p = 0.045) (Table 3).

Impact of AKI on long-term outcomes
Overall, during a median follow-up of 24 ± 15  months, 
146 (28.4%) patients experienced MACEs, with 112 
(21.7%) deaths, among which 58% were related to car-
diovascular causes. Eighty (15.6%) patients had HF hos-
pitalization (Supplementary Table  3). Kaplan–Meier 
estimates at 2-year follow-up are shown in Supplemen-
tary Fig. 3. Patients experiencing AKI, compared to those 
who did not, had a higher incidence of MACE both in 
the no-CKD (log-rank p -value = 0.025; HR 2.45; 95%CI 
1.28–7.69) and CKD cohort (log-rank p -value < 0.001; 
HR 2.55; 95% CI 1.51–4.31).

Discussion
This study investigated the occurrence of AKI in dia-
betic patients with severe AS undergoing TAVI, compar-
ing those treated with SGLT2i versus no-SGLT2i users, 
stratified by the presence of CKD. The main findings 
include: i) SGLT2i use had no impact on renal function 
in patients without CKD, with AKI occurring in 7.1% 
of the cases, regardless of SGLT2i use; ii) among CKD 
patients, AKI occurred more frequently in no-SGLT2i 
users compared to those receiving SGLT2i (19.8% versus 
8.5%, p = 0.027), with a significant rise in post-TAVI and 
discharge SCr values for no-SGLT2i users (p = 0.001 after 
TAVI and p < 0.001 at hospital discharge); iii) only in the 
CKD group, SGLT2i use was identified as an independent 
predictor of lower rate of AKI occurrence; iv) patients 
who developed AKI had a higher incidence of MACE at 
follow-up, regardless of CKD.

The interplay between diabetes mellitus, CKD, and the risk 
of AKI after TAVI
AKI is an increasingly recognized complication follow-
ing TAVI, contributing to increased short- and long-term 
mortality as well as greater healthcare costs [9, 12]. Its eti-
ology is multifactorial and patient-specific, encompassing 
heterogeneous mechanisms such as contrast-induced 
nephropathy, plaque embolization, hemodynamic insta-
bility during rapid ventricular pacing, and paravalvular 
regurgitation impairing renal perfusion. Despite advance-
ments in TAVI techniques and valve technologies, recent 
large registries reported a 5% incidence of AKI in TAVI 
patients in contemporary practice [19]. The AKI risk 
might further increase in some populations, i.e., patients 

with T2DM and CKD. In the present study, which specif-
ically focused on T2DM patients, we observed a slightly 
higher overall AKI incidence in patients without CKD 
(7%), with rates up to 17% among those with concomi-
tant CKD. Diabetic patients are at increased risk of AKI 
due to underlying endothelial dysfunction, heightened 
systemic inflammation, and altered renal hemodynam-
ics associated with both diabetes and CKD [13, 20, 21]. In 
patients with severe AS, the reduced cardiac output may 
exacerbate these mechanisms, especially when combined 
with the presence of diabetes‐related microvascular dis-
ease. This issue is highly relevant in clinical practice, as 
approximately 30% of patients undergoing TAVI are dia-
betic [22].

Therefore, we performed a multicenter study involv-
ing a contemporary cohort of diabetic patients undergo-
ing TAVI, who underwent a comprehensive assessment 
of SCr at least at three timepoints (i.e. baseline, within 
48 h post-TAVI, and at hospital discharge) [11, 21]. This 
enabled a thorough evaluation of AKI occurrence and 
characterization of SCr trend. In contrast to previous 
studies, which were conducted before the widespread 
adoption of SGLT2i, this study is the first to offer valuable 
insights into the potential protective effect of SGLT2i 
against AKI in diabetic patients undergoing TAVI.

Predictors of AKI
Among patients without CKD, the risk of AKI appeared 
to be mainly driven by underlying cardiac comorbidities 
and bleeding events without any influence of SGLT2i use. 
Indeed, reduced LVEF and advanced EVCD can be con-
sidered as markers of a more compromised cardiac sta-
tus, where even subtle drops in blood pressure or renal 
perfusion during TAVI or due to bleeding events might 
increase the risk of AKI [16, 23–25].

Conversely, patients with CKD who were not treated 
with SGLT2i exhibited an almost threefold higher inci-
dence of AKI compared to those without CKD. Interest-
ingly, CKD patients treated with SGLT2i demonstrated 
a similar risk of AKI compared to those without CKD, 
suggesting that SGLT2i use alone was effective in mitigat-
ing the excess risk of AKI associated with CKD. Despite 
having higher baseline SCr values, these patients demon-
strated a reduced risk of AKI compared to CKD patients 
receiving other antidiabetic medications. After adjusting 
for potential confounders, SGLT2i use emerged as an 
independent predictor of a lower AKI rate, suggesting the 
potential nephroprotective effect of SGLT2i in diabetic 
patients undergoing TAVI.

Bleeding events were independent predictors of AKI 
regardless of the presence of CKD. Possible mechanisms 
include hypotension and hemodynamic instability due 
to bleeding episodes, which may result in renal hypoper-
fusion and further kidney injury. Additionally, the need 
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for blood transfusions with their associated inflamma-
tory response could contribute to the deterioration of 
renal function [26, 27]. Interestingly, in patients with 
and without CKD, the amount of contrast media did not 
significantly impact the occurrence of AKI in patients 
undergoing TAVI. This finding aligns with prior studies 
and is likely attributable to the relatively low contrast vol-
ume typically used during TAVI procedures over the last 
years [9].

The nephroprotective effects of SGLT2i
The potential mechanisms underlying the renal protec-
tion conferred by SGLT2i are multifaceted. Due to natri-
uresis and glucose-induced osmotic diuresis, SGLT2 
inhibition improves tubuloglomerular feedback by 
enhancing sodium delivery to the macula densa, induc-
ing afferent arteriolar vasoconstriction, and consequently 
reducing glomerular hyperfiltration, a process particu-
larly vulnerable to disruption during the hemodynamic 
fluctuations of TAVI [28, 29]. Furthermore, SGLT2i 
attenuate oxidative stress, inflammation, renin–angioten-
sin–aldosterone and sympathetic nervous system overac-
tivity, which collectively contribute to renal injury [7, 30]. 
They also mitigate peritubular fibrosis and enhance tubu-
lar resistance to ischemic stress, thereby preserving renal 
architecture. Additionally, stabilization of renal perfusion 
through SGLT2 inhibition may reduce susceptibility to 
AKI triggered by procedural hypotension and contrast 
exposure during TAVI [29]. This nephroprotective effect 
is particularly important in patients with pre-existing 
CKD, who typically exhibit compromised renal homeo-
stasis and altered hemodynamics even before undergoing 
TAVI. This finding aligns with prior reports showing the 
beneficial effect of SGLT2i in reducing contrast-induced 
AKI among patients with coronary artery disease [20, 
31–33].

Clinical implications
The occurrence of AKI was confirmed to significantly 
affect the prognosis of patients undergoing TAVI, regard-
less of the presence of CKD [9, 26]. Our findings indicate 
that diabetic patients with CKD, as well as those without 
CKD but with significant comorbidities (i.e., reduced 
LVEF or advanced EVCD), are particularly susceptible 
to AKI during TAVI. In clinical practice, these risk fac-
tors should trigger a more comprehensive pre-procedural 
assessment and proactive management, implementing 
preventive measures. Limited data are available about 
pharmacological strategies to prevent AKI in TAVI 
patients [19, 34]. Integrating SGLT2i into treatment 
protocols for these high-risk patients may help miti-
gate AKI risk, potentially improving clinical outcomes. 
This approach, combined with enhanced pre- and peri-
procedural assessment, multidisciplinary collaboration, 

and development of tailored institutional protocols, may 
lead to improved renal and cardiovascular outcomes and 
a more efficient use of healthcare resources. Although 
current data are promising, they should be considered 
hypothesis-generating, as large-scale, randomized con-
trolled trials are necessary to definitively establish the 
role of SGLT2i in preventing AKI in this setting. Such tri-
als may clarify optimal timing, dosing, and patient selec-
tion criteria.

Limitations
Our results should be interpreted considering some limi-
tations. The present analysis was an observational mul-
ticenter study with inherent limitations. It cannot be 
excluded that baseline characteristics might have influ-
enced the results, although most key confounders were 
similar between SGLT2i and no-SGLT2i users. More-
over, our results cannot be extended to patients with 
eGFR < 20  ml/min/m2. In addition, we investigated only 
the “class effect” of SGLT2i, but not the “drug effect”. 
However, a nationwide real-world analysis suggested 
that the risk of cardiovascular events was comparable 
between different SGLT2i, supporting our hypothesis 
of a “class effect” [35]. Finally, no definitive conclusions 
can be drawn regarding the nephroprotective effects of 
the “acute” use of SGLT2i in patients undergoing TAVI, 
specifically when initiated at hospital admission in treat-
ment-naive patients.

Conclusion
In diabetic patients with CKD undergoing TAVI, SGLT2i 
therapy was associated with a lower occurrence of AKI 
compared to those not treated with SGLT2i, suggest-
ing a potential nephroprotective effect in this high-risk 
population.
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