Pre prints.org

Article Not peer-reviewed version

Evolution of Transcatheter Aortic Valve
Implantation over 12 Years: A Single
High-Volume Center Perspective

Nicola Corcione , Salvatore Giordano , Paolo Ferraro , Alberto Morello , Michele Cimmino , Michele Albanese

, Raffaella Avellino , Giuseppe Biondi-Zoccai i , Martino Pepe , Arturo Giordano

Posted Date: 6 January 2026
doi: 10.20944/preprints202601.0375.v1

Keywords: aortic stenosis; structural heart disease; transcatheter aortic valve implantation; transcatheter
aortic valve replacement

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4980402
https://sciprofiles.com/profile/4099652
https://sciprofiles.com/profile/4338380
https://sciprofiles.com/profile/4345878
https://sciprofiles.com/profile/5008239
https://sciprofiles.com/profile/1211172
https://sciprofiles.com/profile/2717895
https://sciprofiles.com/profile/4980401
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 January 2026 d0i:10.20944/preprints202601.0375.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

Article

Evolution of Transcatheter Aortic Valve Implantation
over 12 Years: A Single High-Volume
Center Perspective

Nicola Corcione 1, Salvatore Giordano 2, Paolo Ferraro 1, Alberto Morello !, Michele Cimmino 1,
Michele Albanese 1, Raffaella Avellino !, Giuseppe Biondi-Zoccai *4*, Martino Pepe >
and Arturo Giordano !

1 Cardiovascular Interventional Unit, Pineta Grande Hospital, Castel Volturno, Caserta, Italy

2 Division of Cardiology, Department of Medical and Surgical Sciences, Magna Graecia University,
Catanzaro, Italy

3 Department of Medical-Surgical Sciences and Biotechnologies, Sapienza University, Latina, Italy

* Maria Cecilia Hospital, GVM Care & Research, Cotignola, Italy

5 Division of Cardiology, Department of Interdisciplinary Medicine (D.I.M.), Aldo Moro University of Bari,
Bari, Italy

* Correspondence: giuseppe.biondizoccai@uniromal.it

Abstract

Background: Transcatheter aortic valve implantation (TAVI) has transitioned from a therapy for
inoperable or extreme-risk patients to a standard option across broader risk categories. How this
evolution has reshaped patient selection, procedural practice, and early outcomes within a mature
program over extended time remains incompletely described. Methods: We conducted a single-center
retrospective observational cohort study including all consecutive patients undergoing TAVI for
severe symptomatic aortic stenosis between 2012 and 2024. Patients were stratified into three
temporal eras (20122015, 2016-2020, 2021-2024). Baseline clinical, imaging, and procedural variables
were prospectively recorded. The primary endpoint was 1-month major adverse events (MAE),
defined as a composite of all-cause death, stroke, myocardial infarction, major vascular
complications, or major bleeding. Comparisons across eras used ANOVA and chi-square or Fisher
exact tests, as appropriate; multivariable logistic regression was applied to identify independent
predictors of MAE. Results: A total of 1,946 patients were included (n=230, 396, and 1,320 across the
three eras). Mean age (~81 years) and sex distribution (~60% women) remained stable, whereas
cardiovascular risk factors became more prevalent over time (dyslipidemia 46.4% to 89.9%,
hypertension 90.9% to 97.7%, smoking 1.1% to 11.2%; all p<0.001). Functional status improved
(NYHA III-IV 78.2% to 18.0%; p<0.001), and EuroSCORE II decreased (5.7+5.1 to 3.2+3.6; p<0.001).
Angiographically significant coronary artery disease and bicuspid valves were more frequently
treated in the most recent era. Transfemoral access under local anesthesia remained predominant,
while fluoroscopy time, contrast volume, and procedural duration significantly decreased (all
p<0.003). Residual aortic regurgitation >moderate became rare, with none/trace regurgitation
increasing from 57.8% to 91.3% (p<0.001). Hospital stay shortened (7.3+2.8 to 6.1+3.1 days; p<0.001).
MAE declined from 17.4% to 7.2% (p<0.001), driven by marked reductions in major bleeding (10.0%
to 0.7%; p<0.001) and stroke (2.6% to 0.3%; p=0.002), while 1-month mortality remained low (2.6% to
1.0%; p=0.087). The need for new permanent pacemaker implantation was frequent but stable (~17—
19%; p=0.645). Conclusions: Over 12 years, this high-volume TAVI program has progressively shifted
towards patients with more conventional cardiovascular risk profiles, lower surgical risk, and more
complex coronary and valvular anatomy, while achieving shorter, more efficient procedures and
improved early safety. These findings support the robustness of a structured Heart Team approach
and underscore the importance of continuous optimization of TAVI pathways in an evolving and
increasingly heterogeneous patient population.
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1. Introduction

Severe symptomatic aortic stenosis is common in ageing populations and, if left untreated,
carries a poor prognosis, yet many patients have been denied surgical aortic valve replacement
because of prohibitive operative risk [1-3]. The advent of transcatheter aortic valve implantation has
provided a less invasive alternative for these individuals, initially restricted to inoperable or high-
risk candidates with advanced age and severe functional limitation at presentation [4,5]. Over the last
decade, expanding evidence and guideline updates have broadened TAVI indications, leading to
earlier referral and a more heterogeneous case mix with regard to clinical risk, comorbidities, and
anatomical complexity [6].

In contemporary practice, patients undergoing TAVI show evolving risk profiles, with stable
age yet a shift from high-risk and inoperable subjects toward more intermediate-risk candidates such
as those in New York Heart Association class II or even I [7]. Concurrently, comorbidity profiles have
shifted, with rising prevalences of traditional cardiovascular risk factors and coronary artery disease,
together with lower rates of peripheral disease, chronic obstructive pulmonary disease, and
improved renal function [8]. Parallel changes are evident on imaging, with reductions in aortic valve
area and mean gradient, altered patterns of aortic and mitral regurgitation, increased prevalence of
severe calcification, and fluctuations in left ventricular systolic function [9,10].

Procedurally, the program has consolidated a streamlined transfemoral access strategy under
local anesthesia, with reductions in fluoroscopy exposure, contrast volume, and procedural duration,
while maintaining high device and procedural success across all eras [11]. At the same time, early
clinical outcomes have evolved, with shorter hospital stays, reduced major adverse events and major
bleeding, despite temporal fluctuations in stroke rates and a stable need for permanent pacemaker
implantation [12]. Echocardiographic follow-up at one month demonstrates low post-procedural
gradients and reduced more-than-mild residual aortic regurgitation, aligning our long-term
institutional experience with contemporary reports of optimized hemodynamic performance after
transcatheter valve implantation [13]. Against this background, the present study examines the
evolution of TAVI over twelve years in a single high-volume center, relating changes in baseline and
imaging characteristics to procedural features and early post-procedural outcomes.

2. Materials and Methods

This was a single-center, retrospective, observational cohort study conducted at the
Cardiovascular Interventional Unit of Pineta Grande Hospital, a high-volume TAVI center in
Southern Italy, stemming from an established ongoing multicenter prospective cohort study [14,15].
All consecutive adult patients undergoing transcatheter aortic valve implantation for severe
symptomatic aortic stenosis over a 12-year period (2012-2024) were included. For the purposes of the
present analysis, the overall cohort was stratified a priori into three temporal eras (2012-2015, 2016~
2020, and 2021-2024) to reflect major changes in indications, patient selection, and procedural
practice. Patients were identified from a prospectively maintained institutional database and
complemented, when necessary, by review of electronic medical records. The study complied with
the Declaration of Helsinki and local regulations on observational research. The protocol was
approved by the institutional ethics committee, which waived the requirement for individual
informed consent in view of the retrospective nature and use of anonymized data.

Baseline clinical evaluation included demographic characteristics, anthropometric data,
cardiovascular risk factors, comorbidities, prior cardiac and vascular procedures, current
medications, and functional status. Dyspnea and heart failure symptoms were graded according to
New York Heart Association (NYHA) class at the time of the preprocedural Heart Team discussion.
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Surgical risk was estimated using EuroSCORE II in all patients; Logistic EuroSCORE was also
recorded in earlier years, in line with contemporary practice, and was later used for exploratory
prognostic analyses. Chronic kidney disease, chronic obstructive pulmonary disease, peripheral
artery disease and other comorbidities were assessed according to prevailing international guideline
definitions. Estimated glomerular filtration rate was calculated using standard formulae. All clinical,
laboratory, and risk-score data were collected before the index procedure and recorded in the
institutional database.

All patients underwent comprehensive transthoracic echocardiography before TAVI to quantify
aortic stenosis severity, aortic and mitral regurgitation, left ventricular systolic function, and other
structural abnormalities. Aortic valve area was calculated using the continuity equation, and mean
transvalvular gradient was derived from Doppler recordings. Preprocedural coronary angiography
was systematically performed to assess the presence and extent of coronary artery disease, and
percutaneous coronary intervention was undertaken at the discretion of the Heart Team according
to the severity and distribution of lesions. Multidetector computed tomography was increasingly
used over time to evaluate aortic root anatomy, valve morphology (including bicuspid valves),
vascular access, and calcification burden. The indication for TAVI, access route, and device type were
decided by a multidisciplinary Heart Team comprising interventional cardiologists, cardiac
surgeons, imaging cardiologists, and anesthesiologists.

Procedures were performed in a dedicated hybrid operating room by experienced interventional
cardiologists, with cardiac surgeons and anesthesiologists readily available. Transfemoral access
under local anesthesia and mild sedation was the default strategy across all eras, with alternative
axillary access reserved for patients with unsuitable iliofemoral anatomy. Vascular access was
obtained percutaneously, typically under fluoroscopic and/or ultrasound guidance, with closure
achieved using contemporary suture-based or plug-based devices according to operator preference
and device evolution. Self-expanding transcatheter valves were predominantly used throughout the
study, with balloon-expandable valves adopted in selected cases in later years. Procedural details,
including access site, valve type and size, need for post-dilation, fluoroscopy time, contrast volume,
and total procedural duration, were recorded prospectively.

Clinical and echocardiographic follow-up was planned at 30 days (or the closest available time
point within 1 month) in all patients. The primary outcome measure for the present analysis was the
occurrence of major adverse events within 1 month, defined as a composite of all-cause death, stroke,
myocardial infarction, major vascular complications, or major bleeding. Individual components of
the composite, as well as other periprocedural complications (including renal replacement therapy,
cardiac tamponade, annular rupture, valve migration, surgical conversion, and new permanent
pacemaker implantation), were assessed according to contemporary Valve Academic Research
Consortium criteria where applicable [16]. Early post-procedural echocardiography was used to
measure peak and mean aortic valve gradients and to grade residual aortic regurgitation.

Continuous variables are presented as mean + standard deviation and categorical variables as
counts and percentages. Baseline, imaging, procedural, and outcome characteristics were compared
across the three temporal eras using one-way analysis of variance for continuous variables and the
chi-square test or Fisher exact test, as appropriate, for categorical variables. A multivariable logistic
regression model was constructed to identify independent predictors of 1-month major adverse
events, initially including clinically relevant covariates and variables associated with outcomes at
univariable analysis; a stepwise approach was then used to derive a parsimonious model [17]. The
discriminative ability of selected variables for predicting major adverse events was assessed using
receiver-operating characteristic curves and calculation of the corresponding area under the curve
with 95% confidence intervals. All tests were two-sided, and a p value <0.05 was considered
statistically significant.

3. Results
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Over the 12-year study period, the demographic profile of TAVI recipients remained broadly
similar in terms of age (mean ~81 years across periods) and sex distribution (female ~60-65%),
whereas cardiovascular risk factors became progressively more prevalent. From 20122015 to 2021-
2024, there was a marked increase in dyslipidemia (46.4% vs 89.9%), hypertension (90.9% vs 97.7%),
smoking history (1.1% vs 11.2%), family history of coronary artery disease, and known coronary
artery disease (p for all <0.001) (Table 1). Diabetes patterns shifted with a rise in non-insulin-
dependent diabetes (p=0.005), while baseline peripheral artery disease and chronic obstructive
pulmonary disease became less frequent in later years (both p<0.01). Functional status improved
substantially, with NYHA class III-IV decreasing from 78.2% to 18.0% and class II increasing from
21.7% t0 78.9% (p<0.001). Consistent with evolving indications, surgical risk scores declined over time
(EuroSCORE II from 5.7+5.1 to 3.2+3.6, p<0.001), with a relative increase in intermediate-risk patients
and a reduction in inoperable cases, although high-risk patients remained the majority.

Table 1. Baseline features. CAD=coronary artery disease; NYHA=New York Heart Association.

Features Years P value
2012-2015 2016-2020 2021-2024
Patients 230 396 1320 -
Age (years) 81.0+£49 81.4+£53 80.7£5.9 0.094
Female gender 149 (64.8%) 249 (62.9%) 796 (60.3%)  0.346
Body mass index 27.8+37  27.7+42 27.1+43 0.018
Pacemaker dependent 19 (8.3%) 34 (8.6%) 203 (15.4%) <0.001
Family history of CAD 1 (0.5%) 4 (2.5%) 58 (8.0%)  <0.001
Dyslipidemia 97 (46.4%) 223 (71.5%) 1148 (89.9%) <0.001
Hypertension 190 (90.9%) 294 (92.7%) 1253 (97.7%) <0.001
Current or former smoking 2 (1.1%) 10 (5.5%) 89 (11.2%)  <0.001
Diabetes mellitus

No 167 (72.6%) 308 (77.8%) 973 (73.7%)

Non-insulin-dependent 38 (16.5%) 51(12.9%) 258 (19.6%)  0.005

Insulin-dependent 25(10.9%) 37 (9.3%) 89 (6.7%)

Coronary artery disease 24 (13.5%) 15(22.4%) 233 (33.1%) <0.001
Prior myocardial infarction 21 (9.4%) 40 (13.8%) 88 (6.9%) 0.001
Prior percutaneous coronary intervention 49 (26.1%) 98 (33.1%) 347 (31.3%)  0.243
Prior cardiac surgery 8 (3.5%) 30 (7.6%) 117 (8.9%) 0.013
Prior aortic valve surgery 0 3 (27.3%) 28 (35.4%) 0.620
Prior valvuloplasty 6 (3.1%) 15 (4.6%) 19 (1.7%) 0.008
Peripheral artery disease 122 (66.3%) 48 (26.2%) 186 (22.0%) <0.001
Chronic obstructive pulmonary disease 69 (30.0%) 92 (23.2%) 275 (20.8%) 0.009
NYHA class <0.001

I 0 0 41 (3.1%)

I 50 (21.7%) 204 (51.5%) 1042 (78.9%)

11 165 (71.7%) 184 (46.5%) 223 (16.9%)

v 15 (6.5%) 8 (2.0%) 14 (1.1%)
EuroSCORE 11 57+5.1 31+34 32+3.6 <0.001
Logistic EuroSCORE 27.7+174 174+103 13.0+11.1 <0.001
Risk group <0.001

Intermediate 1(0.4%) 143 (36.2%) 375 (32.2%)

High 220 (95.7%) 247 (62.5%) 736 (63.2%)

Inoperable 9 (3.9%) 5 (1.3%) 53 (4.5%)
Hemoglobin (g/dL) 121+ 1.6 123+ 1.5 12.3+1.7 0.503
Estimated glomerular filtration rate 58.8+21.5 653+21.8 64.6+231  0.001
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Echocardiographic and angiographic characteristics also evolved across eras (Table 2). Aortic
valve area became slightly smaller and mean transvalvular gradient lower in the most recent period
(0.63+0.13 cm? and 47.0+15.8 mmHg in 2021-2024 vs 0.69+0.18 cm? and 58.2+15.3 mmHg in 2012-2015;
both p<0.001), consistent with a broader spectrum of hemodynamic presentations. The prevalence of
significant coronary artery disease on coronary angiography increased significantly over time
(p<0.001), and bicuspid valve anatomy, while still infrequent, was more commonly treated in the
most recent era (p=0.020). Mitral and aortic regurgitation profiles shifted, with a higher proportion of
moderate mitral regurgitation and moderate aortic regurgitation in later years (both p<0.001).
Procedurally, transfemoral access under local anesthesia remained the dominant strategy
throughout, while alternative axillary access was introduced in the last period (Table 3). Over time,
procedural efficiency improved, with significant reductions in fluoroscopy time (from 23.8+6.9 to
16.1+9.6 minutes), contrast volume (from 125.5+39.1 to 74.0+28.9 mL), and overall procedural time
(p<0.003 for all). Residual aortic regurgitation after TAVI decreased substantially, with none/trace
regurgitation increasing from 57.8% to 91.3% and >moderate regurgitation becoming rare (p<0.001),
while device and procedural success remained consistently high (>99% in all periods).

Table 2. Imaging features. CAD=coronary artery disease.

Years

Features 20122015 2016-2020 2021202 * VA€
Patients 230 396 1320 -
Significant CAD at coronary angiography 20 (8.7%) 19 (4.8%) 361 (27.4%) <0.001
Porcelain aorta 3 (1.3%) 7 (1.8%) 25 (1.9%) 0.931
Bicuspid aortic valve disease 0 6 (1.5%) 32 (2.4%) 0.020
Aortic valve area (cm?2) 069+018 065016 0.63+0.13 <0.001
Mean aortic valve gradient (mm Hg) 582+153 51.6x153 47.0x15.8 <0.001
Aortic regurgitation <0.001
None or minimal 71(30.9%) 141 (35.6%) 497 (37.7%)
Mild 111 (48.3%) 172 (43.4%) 426 (32.3%)
Moderate 40 (174%) 66 (16.7%) 324 (24.6%)
Moderate-severe 8 (3.5%) 17 (4.3%) 73 (5.5%)
Severe 0 0 0
Aortic valve calcification <0.001
None or minimal 17 (7.4%)  75(18.9%) 380 (28.8%)
Mild 32 (13.9%) 18 (4.6%) 135 (10.2%)
Moderate 148 (64.4%) 225 (56.8%) 477 (36.1%)
Severe 33 (144%) 78 (19.7%) 326 (24.7%)
Left ventricular ejection fraction (%) 53.7+84 51.1+8.2 529+8.1 <0.001
Mitral regurgitation <0.001
None or minimal 2 (0.9%) 3 (0.8%) 30 (2.3%)
Mild 142 (61.7%) 239 (60.4%) 565 (42.8%)
Moderate 72 (31.3%) 116 (29.3%) 624 (47.3%)
Moderate-severe 12 (5.2%) 35 (8.8%) 87 (6.6%)
Severe 2 (0.9%) 3 (0.8%) 14 (1.1%)

Early clinical outcomes up to 1 month reflected these improvements in case selection and
procedural performance (Table 4; Figure 1). Total length of hospital stay shortened significantly from
7.3#2.8 to 6.1£3.1 days (p<0.001). The composite rate of major adverse events (death, stroke,
myocardial infarction, major vascular complication, or major bleeding) declined markedly from
17.4% in 2012-2015 to 5.3% in 2016-2020 and 7.2% in 2021-2024 (p<0.001), driven in particular by a
steep reduction in major bleeding (10.0% to 0.7%, p<0.001) and stroke (2.6% to 0.3%, p=0.002). Major
vascular complications varied over time, with a nadir in the intermediate period and a higher rate in
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the most recent era (p=0.003). Early mortality remained low and numerically decreased (2.6% to 1.0%,
p=0.087). Need for new permanent pacemaker implantation was frequent but stable across periods
(approximately 17-19%, p=0.645). Hemodynamic results at 1 month were consistently favorable, with
low post-procedural gradients and only minor temporal variation in peak and mean gradients and
in the distribution of residual aortic regurgitation.

Table 3. Procedural features.

Features Years P value
2012-2015 2016-2020 2021-2024

Patients 230 396 1320 -

Access site <0.001

Right femoral 199 (86.5%) 345 (87.1%) 1073 (81.3%)

Left femoral 31 (13.5%) 50 (12.6%) 195 (14.8%)

Right axillary 0 0 16 (1.2%)

Left axillary 0 1(0.3%) 36 (2.7%)

Anesthesia 0.597

Local 228 (99.1%) 395 (99.8%) 1310 (99.2%)

Spinal 1 (0.4%) 0 2 (0.2%)

General 1 (0.4%) 1 (0.3%) 8 (0.6%)
Self-expandable device 230 (100%) 396 (100%) 1166 (88.3%) <0.001
Post-dilation 72 (31.3%) 219 (55.3%) 538 (40.8%)

Valve migration
Bailout valve-in-valve

Residual aortic regurgitation <0.001

None or minimal 133 (57.8%) 347 (87.6%) 1205 (91.3%)

Mild 93 (40.4%) 46 (11.6%) 109 (8.3%)

Moderate 3 (1.3%) 3 (0.8%) 6 (0.5%)

Moderate-severe 1 (0.4%) 0 0

Severe 0 0 0
Fluoroscopy time (minutes) 23.8+6.9 20.2£8.1 16.1+9.6 <0.001
Contrast volume (mL) 125.5+39.1 87.5+22.1 74.0+28.9 <0.001
Procedural time (minutes) 60.9 +13.2 57.8+12.9 56.7 +19.5 0.003
Device success 228 (99.1%) 395 (99.8%) 1317 (99.8%) 0.249
Procedural success 230 (100%) 395 (99.8%) 1318 (99.9%) 0.688

At multivariable logistic regression, Logistic EuroSCORE emerged as the only independent
predictor of 1-month major adverse events. Higher Logistic EuroSCORE values were associated with
a progressive increase in the odds of experiencing (1.023 [1.006-1.041] per unit change, p=0.008), while
age, sex, renal function, diabetes, COPD, and other clinical variables did not retain independent
significance after adjustment. Discrimination analysis showed however that, although statistically
associated with outcomes, Logistic EuroSCORE had only modest ability to distinguish patients with
and without events in this cohort, with an area under the receiver-operating characteristic curve of
0.59 (0.54-0.64), only slightly better than chance and clearly below usual thresholds for good
discrimination.
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Figure 1. Trends over time in 1-month clinical events after transcatheter aortic valve implantation (TAVIL; p<0.05

for major adverse events, stroke, major vascular complication, and major bleeding).

Table 4. Clinical and imaging outcomes up to 1 month of follow-up.

Years

Features 20122015 20162020 20212024 | '€
Patients 230 396 1320 -
Total hospital stay (days) 73+238 64+43 6.1+3.1 <0.001
Major adverse events! 40 (17.4%) 21 (5.3%) 95 (7.2%) <0.001
Death 6 (2.6%) 7 (1.8%) 13 (1.0%) 0.087
Stroke 6 (2.6%) 2 (0.5%) 4 (0.3%) 0.002
Transient ischemic attack 1(0.4%) 0 5 (0.4%) 0.540
Myocardial infarction 2 (0.9%) 4 (1.0%) 3 (0.2%) 0.054
Major vascular complication 9 (3.9%) 7 (1.2%) 73 (5.5%) 0.003
Major bleeding 23 (10.0%) 5 (1.3%) 9 (0.7%) <0.001
Renal replacement therapy 2 (0.9%) 0 2 (0.2%) 0.099
Cardiac tamponade 2 (0.9%) 1 (0.3%) 0 0.010
Valve migration 0 1(0.3%) 10 (0.8%) 0.399
Anulus rupture 0 1(0.3%) 0 0.322
Surgical conversion 0 1 (0.3%) 0 0.322
Percutaneous coronary intervention 1 (0.4%) 1 (0.3%) 5 (0.4%) 1
Valve-in-valve 0 4 (1.0%) 11 (0.8%) 0.406
Permanent pacemaker implantation 44 (19.1%) 68 (17.2%) 220(16.7%)  0.645
Peak aortic valve gradient (mm Hg) 13.9+5.0 16.0 +8.2 140+55  <0.001
Mean aortic valve gradient (mm Hg) 73+29 7.8+4.0 79+33 0.049
Aortic regurgitation <0.001

None or minimal 92 (40.0%) 243 (61.4%) 460 (34.9%)

Mild 124 (53.9%) 135(34.1%) 826 (62.6%)

Moderate 13 (5.7%) 18 (4.6%) 33 (2.5%)

Moderate-severe 1 (0.4%) 0 0

Severe 0 0 1(0.1%)

! composite of death, stroke, myocardial infarction, major vascular complication, or major bleeding.
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4. Discussion

The present study provides a comprehensive overview of how a mature TAVI program has
evolved over more than a decade in a single high-volume center. The main findings can be
summarized as follows: (a) despite stable age and sex distribution, the clinical profile of TAVI
recipients has shifted towards patients with more conventional cardiovascular risk factors but lower
global surgical risk; (b) imaging and anatomical characteristics have broadened, with increasing
treatment of patients with significant coronary artery disease, bicuspid valves, and more complex
valvular regurgitation patterns; (c) procedural performance has been streamlined, with shorter
procedures, less fluoroscopy and contrast use, and a marked reduction in residual aortic
regurgitation; and (d) early outcomes have improved over time, with shorter hospital stay and a
substantial decline in major bleeding and stroke, while overall mortality has remained low and the
need for permanent pacemaker implantation has been stable.

The temporal changes in baseline characteristics observed in our cohort reflect the transition of
TAVI from a “last resort” therapy for inoperable or extreme-risk patients to a standard option for a
broader spectrum of high- and intermediate-risk individuals [2,3,18]. Whereas mean age and female
prevalence remained remarkably constant, we observed a progressive increase in dyslipidemia,
hypertension, smoking, and documented coronary artery disease, together with improved renal
function and a decline in peripheral artery disease and chronic obstructive pulmonary disease [19].
Functional status at presentation also improved dramatically, with most contemporary patients in
NYHA class II rather than class III-IV, and EuroSCORE II values decreased accordingly [20]. These
findings support the notion that earlier referral, more proactive screening, and guideline-driven
expansion of indications have shifted TAVI towards patients with a more “typical” cardiovascular
risk profile but less advanced symptomatic and systemic disease.

Our echocardiographic and angiographic data corroborate this evolution towards a more
heterogeneous and anatomically complex TAVI population. Over time, the aortic valve area became
slightly smaller while mean transvalvular gradients decreased, suggesting a broader inclusion of
patients with low-flow or low-gradient severe aortic stenosis as well as mixed valvular disease. The
prevalence of angiographically significant coronary artery disease increased markedly, and bicuspid
valves, virtually absent in the early years, were increasingly treated in the most recent era.
Concomitant valve disease also changed, with higher rates of moderate mitral and aortic
regurgitation. Together, these findings indicate that the Heart Team progressively embraced patients
with more complex anatomical substrates and competing hemodynamic burdens, in line with
contemporary emphasis on individualized, anatomy-driven decision-making rather than a narrow
focus on isolated, high-gradient aortic stenosis [21,22].

From a procedural standpoint, our data highlight the consolidation of a streamlined,
predominantly transfemoral TAVI strategy under local anesthesia, with selective adoption of
alternative axillary access in patients with unsuitable iliofemoral anatomy. Across eras, device and
procedural success remained consistently >99%, yet fluoroscopy time, contrast volume, and overall
procedural duration decreased significantly, reflecting both operator experience and technological
refinement. Perhaps most striking is the marked reduction in residual aortic regurgitation, with the
proportion of patients leaving the catheterization laboratory with none or trace aortic regurgitation
increasing and >moderate regurgitation becoming exceedingly rare. Although our analysis was not
designed to dissect the relative contributions of device design, implantation technique, and imaging
guidance, the observed improvements mirror those reported in contemporary series of newer-
generation valves and attest to the incremental impact of a mature program on procedural quality
[23].

These procedural gains translated into tangible clinical benefits, with total length of stay
decreasing by more than one day on average over the study period, compatible with progressive
adoption of minimalist pathways and earlier mobilization. The composite rate of major adverse
events fell from almost one in five patients in the earliest era to less than one in ten in recent years,
driven mainly by a dramatic reduction in major bleeding and a parallel decline in stroke. The
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temporal pattern of major vascular complications was less linear, with a nadir in the intermediate
period and higher rates thereafter, possibly reflecting the increased use of alternative access routes
and treatment of more complex anatomies. Importantly, early mortality remained low throughout
and numerically improved, while the need for new permanent pacemaker implantation remained
frequent but stable, underscoring the persistent challenge of conduction disturbances despite overall
procedural optimization.

Our multivariable analysis underscores the enduring prognostic relevance of global surgical risk
as captured by Logistic EuroSCORE, which emerged as the only independent predictor of 1-month
major adverse events. However, the modest discrimination of this score in our cohort, with an area
under the receiver-operating characteristic curve barely exceeding 0.5, highlights the limitations of
legacy surgical scores when applied to contemporary TAVI populations. These models were derived
in surgically treated cohorts and do not incorporate several variables now recognized as crucial in
TAVI, including frailty, cognitive status, detailed anatomical features, and procedural complexity
[24]. Our findings therefore support ongoing efforts to refine and recalibrate TAVI-specific risk scores
and to complement numerical risk estimation with structured geriatric and anatomical assessment
[25].

Several clinical implications arise from this experience. First, the observed stability of age
together with improved functional class and lower surgical risk suggests that TAVI has not simply
“aged down” to younger patients, but rather expanded towards individuals with less advanced
symptomatic heart failure and better global reserve, without abandoning complex or high-risk cases
[26]. Second, the combination of increasing coronary and valvular complexity with improved
hemodynamic and clinical outcomes reinforces the value of a dedicated Heart Team and of consistent
institutional expertise in case selection, procedural planning, and post-procedural care [27]. Third,
the persistent incidence of conduction disturbances and major vascular complications, even in the
context of otherwise favorable results, reminds clinicians that there remains room for further
improvement, particularly in access planning, closure strategies, and conduction-sparing
implantation techniques [28,29].

This study has important strengths, including the large sample size, the long observation period
spanning three distinct eras of TAVI practice, the inclusion of all consecutive patients treated in a
high-volume center, and the systematic collection of detailed clinical, imaging, and outcome data.
Nonetheless, several limitations should be acknowledged. The retrospective, single-center design
limits generalizability and leaves room for unmeasured confounding and secular trends in referral
patterns, device availability, and post-procedural care that cannot be fully adjusted for [30]. Follow-
up was restricted to 1 month and did not capture mid- or long-term outcomes, including valve
durability, rehospitalization, or structural valve deterioration. We did not perform granular analyses
according to valve type, access strategy, or specific anatomical subsets, nor did we systematically
assess frailty, quality of life, or patient-reported outcomes. Finally, the study was not powered to
detect differences in individual rare events across eras.

5. Conclusions

Over 12 years of continuous activity, our high-volume TAVI program has witnessed a profound
evolution in case mix, procedural practice, and early outcomes. Patients currently referred for TAVI
present with more conventional cardiovascular risk factors, more extensive coronary and valvular
disease, and lower surgical risk, yet they benefit from shorter procedures, less radiation and contrast
exposure, improved hemodynamic results, and fewer major early complications. These data support
the safety and effectiveness of an integrated Heart Team approach to TAVI across the risk spectrum
and emphasize the need for ongoing refinement of risk stratification tools and procedural strategies
to further optimize outcomes in an increasingly complex and heterogeneous patient population.
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