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Abstract: Background: Current European guidelines support transcatheter aortic valve implanta-
tion (TAVI) in intermediate-to-low-risk patients >75 years-old, but its prognostic relevance is un-
known. Methods: Intermediate-to-low-risk (The Society of Thoracic Surgeons score <8%) patients
enrolled in the HORSE registry were included. We compared the populations aged under 75 with
those over 75. The primary endpoint was all-cause mortality. Results: A total of 2685 patients were
included: 280 (8.6%) <75 and 2405 >75 years. Through a mean follow-up of 437 + 381 days, 198
(8.2%)
and 23 (8.2%) patients died in the two arms without statistically significant differences (log-rank p
=0.925). At Cox regression analysis, age did not predict the occurrence of all-cause death, neither as
a continuous variable (HR 1.01, 95% CI 0.99-1.04, p = 0.294) nor dichotomizing according to the
prespecified cutoff of 75 years (HR 0.97, 95% CI 0.63-1.51, p = 0.924). Time-to-event ROC curves
showed low accuracy of age to predict all-cause mortality (area under the curve of 0.54 for both 1-
year and 2-year outcomes). Conclusions: TAVI has comparable benefits across age strata for inter-
mediate-to-low-risk patients. The age cutoff suggested by the current guidelines is not predictive of
the risk of adverse events during hospital stays or of all-cause mortality through a mid-term follow-
up.
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1. Introduction

Transcatheter aortic valve implantation (TAVI) has revolutionized the management
of patients with severe aortic stenosis (AS), offering a less invasive alternative to surgical
aortic valve replacement (SAVR). Historically, TAVI was primarily reserved for elderly
patients who were at high surgical risk due to age-related complications. However, with
the advancement of medical technology and extensive research, the surgical risk and age
criterion for TAVI candidacy has evolved, challenging the notion that this procedure is
mainly dedicated to the very elderly [1-3].

Randomized controlled trials (RCTs) have played a pivotal role in establishing the
efficacy and safety of TAVI, demonstrating its superiority or non-inferiority compared to
SAVR, especially in high- and intermediate-to-low-risk patients. These trials have show-
cased excellent procedural success and valve performance in individuals below the age
previously considered for TAVI. Consequently, the age-old adage of limiting TAVI to the
very elderly has become obsolete [1-8].

In 2021, the European Society of Cardiology (ESC)/European Association for Cardio-
Thoracic Surgery (EACTS) guidelines introduced a significant paradigm shift. The guide-
lines recommended transfemoral TAVI with a Class I, Level of Evidence A (IA) rating for
patients at a high surgical risk or those aged 75 and above, regardless of their surgical risk.
Conversely, a Class IB recommendation was made in favor of SAVR for individuals below
the age of 75 and deemed to have a low surgical risk. This age threshold of 75 years
emerged as a pivotal determinant, significantly influencing the choice of intervention, par-
ticularly in intermediate- and low-surgical-risk patients [9].

However, it is crucial to recognize that while age serves as a convenient demarcation,

it is not the sole factor determining the choice of intervention. Dichotomizing patients
based solely on age overlooks other critical considerations and has not shown substantial
impacts on hard clinical outcomes. Factors such as overall health, comorbidities, and in-
dividual patient preferences should be integral components of the decision-making pro-
cess.
In light of these developments, our study aims to delve deeper into the clinical outcomes
of patients below and above the age threshold recommended by the ESC/EACTS guide-
lines. Specifically, we seek to explore the prognostic relevance of age in intermediate-to-
low-risk patients undergoing TAVI with self-expandable devices. By comprehensively an-
alyzing these factors, we aim to provide a nuanced understanding of the interplay be-
tween age, procedural outcomes, and long-term prognosis in the context of TAVI, contrib-
uting valuable insights to the evolving landscape of aortic valve interventions.

2. Materials and Methods

The HORSE registry is an international registry in which patients undergoing trans-
femoral TAVI using self-expandable valves were retrospectively enrolled across sixteen
European centers between September 2014 and April 2020 [10]. All patients provided in-
formed consent to participate in the registry and agreed to the use of their data for scien-
tific purposes.

The research was carried out in accordance with the Declaration of Helsinki (World
Medical Association, October 2013) [11]. Criteria for exclusion included pure aortic regur-
gitation, surgical prosthesis degeneration, and non-transfemoral access. Outcomes were
defined according to the Valve Academic Research Consortium 2 criteria [12]. The primary
outcome for the present analysis was all-cause mortality. Secondary endpoints included
major and minor vascular complications, anulus rupture, new, permanent pacemaker
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implantation, periprocedural myocardial infarction, cardiac tamponade, all-cause stroke,
major bleeding, minor bleeding, and acute kidney injury.

For the present analysis, patients at high surgical risk, defined as those with an STS
score >8%, were excluded. Intermediate-to-low-risk patients were included irrespective of
the type of prosthesis and categorized according to their age into two groups, i.e., 275 vs.
<75 years.

Statistical Analysis

Categorical variables were reported as frequencies and percentages and compared
with the Chi-square test or Fisher’s test, as appropriate. A visual assessment of distribu-
tion was conducted for continuous variables, which were thereafter reported as mean
(standard deviation—SD) or median (quartile 1-quartile 3 (Q1-Q3)) and compared by
means of the Student’s t-test or Wilcoxon-Mann-Whitney test, as appropriate.

The cumulative, unadjusted frequencies of all-cause death in patients aging 275 vs.
<75 years were obtained with the Kaplan-Meier method and compared through the log-
rank test. Univariate and multivariable Cox regression analyses were run to obtain the
predictors of the same outcome, selecting candidates’ variables on a clinical and statistical
basis. Hazard ratios (HRs) along with 95% confidence intervals (ClIs) were calculated.
Given the time-dependent nature of the outcome, the predictive accuracy of age was as-
sessed through a time-dependent area under the receiver operating characteristic curve
(AUC). The optimal cutoff point of age for the prediction of all-cause mortality was also
assessed using the Youden index estimator.

Finally, to account for the possible heterogeneity across the large population of the
registry, sensitivity analyses were conducted on the primary and secondary outcomes by
stratifying the population according to age quartiles.

Two-tailed p-values <0.05 were considered statistically significant. The analysis was
conducted using “R” software (The R Foundation for Statistical Computing, Vienna, ver-
sion 3.6.2).

3. Results
3.1. Baseline and Procedural Features

Among the 3389 patients initially enrolled in the registry, 411 were categorized as
high surgical risk, and 293 were excluded due to the absence of follow-up data. Thus, the
final population encompassed 2685 individuals (age <75 years, n =280; 275 years, n = 2405).

The baseline features are reported in Table 1. The median age was 82 (IQR 79-86)
years in the whole population, with patients in the two arms being divided by almost a
decade of age on average. Most patients were female, with a higher proportion of males
in the <75 years group (45% vs. 35%, p = 0.001). Older patients had a lower BMI (26.7 (24—
30) vs. 28.5 (24-33), p < 0.001), a higher frequency of previous pacemaker or implantable
cardioverter defibrillator implantation (11% vs. 6%, p = 0.019), atrial fibrillation (AF, 33%
vs. 23%, p = 0.010), and chronic kidney disease (CKD, 65% vs. 30%, p < 0.001). Contrary to
this, smoking (19% vs. 7%, p < 0.001), diabetes (33% vs. 25%, p = 0.010), and chronic ob-
structive pulmonary disease (25% vs. 16%, p <0.001) were more frequent in patients aging
<75 years. The mean STS score was 3.60% (IQR 2.50-5.03) in the overall population, with
low-risk patients being significantly more represented in the younger arm (72% vs. 55%,
p <0.001) and intermediate-risk patients in the older one (45% vs. 28%, p < 0.001).

No significant differences were noted with respect to most echocardiographic data,
including mean aortic valve gradient and aortic valve area. Slight, yet statistically signifi-
cant, differences in terms of left ventricular ejection fraction were present (60 (55-65) in
the 275 years arm vs. 60 (54-65) in the <75 years arm, p = 0.006). CT scans revealed a higher
prevalence of porcelain aorta in younger patients (16% vs. 9%, p <0.001).
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Table 1. Baseline features.
All >75 Years <75 Years
N = 2685 N = 2405 N =280 p-value
Clinical characteristics
Age, years 82 (79-86) 83 (80-86) 72 (69-73) <0.001
Male sex 960 (36) 835 (35) 125 (45) 0.001
Body mass index, kg/m? 26.9 (24-31) 26.7 (24-30) 28.5 (24-33) <0.001
Hypertension 2334 (87) 2092 (87) 242 (86) 0.813
Dyslipidemia 1035 (52) 925 (52) 110 (51) 0.933
Diabetes 705 (26) 613 (25) 92 (33) 0.010
Smoke 228 (15) 176 (7) 52 (19) <0.001
Prior myocardial infarction 482 (18) 441 (18) 41 (15) 0.144
Prior percutaneous coronary intervention 731 (27) 656 (27) 75 (27) 0.905
Prior stroke 287 (11) 261 (11) 26 (9) 0.478
Chronic obstructive pulmonary disease 450 (17) 381 (16) 69 (25) <0.001
PM or ICD 276 (10) 259 (11) 17 (6) 0.019
Atrial fibrillation 2334 (87) 795 (33) 65 (23) 0.010
Chronic kidney disease 1645 (61) 1562 (65) 83 (30) <0.001
Baseline creatinine, mg/dl 1.10 (0.61) 1.09 (0.55) 1.19 (0.98) 0.010
Peripheral arterial disease 333 (12) 297 (12) 36 (13) 0.890
NYHA III-1IV 1787 (67) 1607 (67) 180 (64) 0.390
STS score, % 3.60 (2.50-5.03) 3.73 (2.60-5.10) 2.55 (1.75 4.10) <0.001
Low risk 1520 (57) 1318 (55) 202 (72) <0.001
Intermediate risk 1165 (43) 1087 (45) 78 (28) <0.001
Echocardiographic data
Mean aortic valve gradient, mmHg 45.1 (16.2) 45.2 (16.3) 449 (15.6) 0.821
Aortic valve area, mm? 0.76 (2.73) 0.77 (2.87) 0.73 (0.19) 0.850
Left ventricular ejection fraction, % 57 (55-60) 55 (52-58) 60 (55-65) 0.006
Moderate-severe aortic regurgitation 56 (3) 51 (3) 5(2) 0.966
MDCT data
Perimeter, mm 70 (26-76) 70 (26-76) 71 (26-77) 0.367
Moderate—severe aortic valve calcification 1173 (44) 1055 (44) 118 (42) 0.971
Moderate/severe LVOT calcification 446 (16) 408 (17) 38 (14) 0.224
Porcelain aorta 271 (10) 225 (9) 46 (16) <0.001

ICD: implantable cardioverter defibrillator; LVOT: left ventricular outflow tract; MDCT: multidetec-
tor computerized tomography; NYHA: New York Heart Association; PM: pacemaker; STS: The So-
ciety of Thoracic Surgeons.

From a procedural standpoint (Table 2), the Evolut PRO model was predominantly
implanted in the youngest arm (17% vs. 11%, p = 0.001), with no other significant differ-
ence between the two groups.
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Table 2. Procedural data.
All 275 Years <75 Years
N = 2685 N = 2405 N=-280 FPvalue
Predilatation 1452 (54) 1309 (54) 143 (51) 0.309
Valve type

Evolute R 1068 (40) 963 (40) 105 (38) 0.449
Evolute PRO 301 (11) 253 (11) 48 (17) 0.001
ACURATE neo 1316 (49) 1189 (49) 127 (45) 0.219
Valve size, mm 0.025

<23 423 (16) 381 (16) 42 (15)

23-26 1021 (38) 933 (39) 88 (31)

>27 1241 (46) 1091 (45) 150 (54)
Post-dilatation 892 (33) 788 (33) 104 (37) 0.153
Contrast dose, ml 110 (80-160) 110 (80-160) 110 (80-150)  0.612
Fluoroscopy time, minutes 16 (10-24) 16 (10-24) 15 (10-23) 0.244

3.2. Clinical Outcomes

As summarized in Figure 1, there were no significant differences across several in-
hospital endpoints between the two groups.

Figure 2 depicts the cumulative incidence of all-cause mortality through a mean fol-
low-up of 437 + 381 days (86.5% of the population completed the 1-year follow-up). Over-
all, 198 (8.2%) and 23 (8.2%) patients died in the >75 and <75 years arm, respectively (log-
rank p = 0.925). Likewise, the 1-year event rate was comparable with 124 (5.1%) and 13
(4.6%) deaths in the two arms, respectively, with no statistically significant difference (log-
rank p = 0.707).

The results of the univariate and multivariable Cox regressions are reported in Table
3. In the univariate analysis, age was not associated with the risk of all-cause mortality,
either when analyzed as a continuous covariate (HR 1.01, 95% CI 0.99-1.04, p = 0.294) or
dichotomizing according to the prespecified cutoff of 75 years (HR 0.97, 95% CI 0.63-1.51,
p = 0.924). New York Heart Association Class III or IV at presentation (HR 1.68, 95% CI
1.23-2.35, p=0.001), CKD (HR 1.47, 95% CI 1.05-2.08, p = 0.026), atrial fibrillation (HR 1.40,
95% CI 1.06-1.84, p = 0.016), and the STS score (HR 1.12, 95% CI 1.03-1.21, p = 0.007) sig-
nificantly predicted the occurrence of the primary outcome after adjusting for covariates.

Table 3. Predictors of mortality.

Univariable Multivariable
Variable HR (95% CI) p-value HR (95% CI) p-value
Age (1-year increase) 1.01 (0.99-1.04) 0.294
Male sex 1.14 (0.87-1.50) 0.336
Prior MI 1.19 (0.84-1.68) 0.323
Diabetes 1.05 (0.78-1.42) 0.746
NYHA II-IV 1.92 (1.40-2.63) <0.001 1.68 (1.23-2.35) 0.001
COPD 1.12 (0.80-1.56) 0.502
Prior stroke 1.02 (0.67-1.57) 0.928
PAD 1.37 (0.96-.95) 0.082
CKD 1.75 (1.30-2.37) <0.001 1.47 (1.05-2.08) 0.026
AF 1.48 (1.13-1.93) 0.004 1.40 (1.06-1.84) 0.016
Baseline creatinine, mg/dl (l-unitin-  og 1 09 150) 002 1.12(091-138) 0272
crease)
Permanent PM or ICD 1.20 (0.81-1.79) 0.359
STS score (1% increase) 1.16 (1.08-1.26) <0.001 1.12 (1.03-1.21) 0.007
EF (1% increase) 0.99 (0.98-1.00) 0.229

Predilatation 1.06 (0.82-1.39) 0.648
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Post-dilatation 1.02 (0.77-1.35) 0.874
Valve size, mm (vs. <23)

23-26 0.99 (0.65-1.53) 0.993

>27 1.28 (0.86-1.94) 0.227

Bold: significant results.

The results of the sensitivity analysis according to the age quartiles are reported in
the Supplementary Material. There was no significant difference regarding in-hospital
outcomes across the different quartiles, except for the rate of a new pacemaker implanta-
tion, which was slightly higher in patients whose age was above the median (Supplemen-
tary Table S1). Supplementary Figure S1 shows the cumulative incidence of all-cause mor-
tality in the four groups, with patients in the highest quartile experiencing a numerically
higher event rate, without any statistically significant trend.

140
120 119
100 9.6 9.6 9.6
7.9 79
80
64 68
60 5.7
4.0
40 39 39
2.2
20
14
06 o4 03 og o 107 i 0.7 .
00 = ‘ = =
Procedural  Major vascular Minor vascular Anulus rupture New Myocardial Tamponade Stroke Major bleeding Minor bleeding Acute kidney
death complications complications permanent PM  infarction injury
275 years m<75 years
Figure 1. In-hospital events. Bars’ height indicates the percentage of adverse events in each arm. All
p values were above 0.05. AKI: acute kidney injury; MI: myocardial infarction; PM: pacemaker.
Age 275 == <75

0.4

p=0.925

0.2

m I

0.0 '_‘_"_r'_r‘

Cumulative all-cause mortality rate

[ 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Days
Number at risk
2405 2147 1967 1742 1642 1553 1487 1351 964 782 688 619 553 509 478 419
% <75 280 254 221 198 193 186 173 149 110 86 77 7 66 62 60 56
[ 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Days

Figure 2. Kaplan-Meier curves for all-cause mortality.
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3.3. Accuracy of Age to Predict All-Cause Mortality

The time-dependent RO curve showed low accuracy of age to predict either 1-year
or 2-year all-cause deaths (both areas under the curve = 0.54) (Figure 3). The optimal age
threshold to predict both 1-year (sensitivity 31%, specificity of 79%) and 2-year (sensitivity
32%, specificity of 78%) mortality was 85 years.

=
=

®
<)

P

0.4

0.2

0.0

| I 1 I | 1

0.0 0.2 0.4 0.6 0.8 1.0
FP

Figure 3. Time-to-event receiving operator characteristic (ROC) curve for 2-year all-cause mortality.
AUC =0.54. TP, true positive; FP, false positive.

4. Discussion

Our extensive study delves deep into reevaluating the predominant emphasis on age
as the primary determinant in transcatheter aortic valve implantation (TAVI) for severe
aortic stenosis (AS). With a robust cohort of 2685 individuals, our analysis provides a com-
prehensive exploration of the intricate interplay between age, baseline characteristics, and
clinical outcomes post-TAVI. In this large cohort of low-risk individuals treated with self-
expandable devices, clinical outcomes were similar in patients in and out of the age cutoff
recommended by the current ESC/EACTS guidelines, and age alone displayed a low ac-
curacy in predicting all-cause mortality up to two years after transfemoral TAVI. The base-
line characteristics uncovered a stark divergence in age distribution among cohorts, illus-
trating a median age of 82 years across the entire cohort. Notably, older patients exhibited
a higher prevalence of comorbidities, including atrial fibrillation (33% vs. 23%, p = 0.010),
chronic kidney disease (65% vs. 30%, p < 0.001), and a higher frequency of previous pace-
maker/implantable cardioverter defibrillator implantation (11% vs. 6%, p = 0.019), empha-
sizing significant disparities in baseline profiles.

Previous studies have focused on the prognostic relevance of age in patients under-
going TAVI. An analysis of the Society of Thoracic Surgeons/American College of Cardi-
ology Transcatheter Valve Therapy Registry, as well as a more recent report from the
Swiss TAVI Registry found higher mortality rates in nonagenarians compared to younger
patients, either during the first month or throughout the first year of follow-up [13]. Sim-
ilar results were also reported by the Cerebrovascular Events in Patients Undergoing
Transcatheter Aortic Valve Implantation (CENTER) collaboration [14]. These observations
only emphasize the importance of patient selection among the very elderly, while the
prognostic impact of age on most patients undergoing TAVI has been proven to be limited.

Contrary to conventional assumptions, our comprehensive data challenge the sim-
plistic correlation between age, comorbidities, and adverse events post-TAVI. Despite no-
table differences in baseline characteristics, clinical outcomes did not significantly differ
between patients aged below and above 75 years. This disparity underscores the intricate
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nature of risk assessment in TAVI candidacy, suggesting that age, in isolation, might in-
adequately capture the complex risk profiles among severe AS patients.

The nuanced insights derived from our data underscore the imperative need for a
more comprehensive, holistic approach to risk stratification for TAVI. Beyond the age-re-
lated considerations, a multifaceted evaluation framework incorporating anatomical in-
tricacies, procedural nuances, and a comprehensive comorbidity profile emerges as piv-
otal in refining risk assessment and optimizing treatment strategies in severe AS manage-
ment.

Embracing a multifaceted evaluation framework becomes paramount in refining risk
assessment and tailoring precision treatments in severe AS management, particularly
within the realm of TAVI. The integration of anatomical assessments, procedural intrica-
cies, and a comprehensive comorbidity profile holds substantial promise for optimizing
patient outcomes. Our data-driven insights advocate for a paradigm shift towards person-
alized and optimized treatment strategies. This approach, integrating multifaceted patient
factors beyond age, aligns with contemporary trends towards precision medicine, aiming
to maximize patient outcomes through tailored treatment strategies [15,16].

Indeed, we have the first data from randomized controlled trials on TAVI vs. SAVR
in intermediate- and low-risk settings. The patients showed no significant interaction ac-
cording to the age subgroups for the rate of their primary endpoints. Most patients en-
rolled in these RCTs were substantially younger compared to earlier studies conducted on
high-risk and inoperable populations, up to an average of less than 75 years in the Place-
ment of Aortic Transcatheter Valves (PARTNER) 3 and Evolut surgical replacement and
transcatheter aortic valve implantation in low-risk patients (Evolut low-risk) trials [2,4].
The extended follow-up data, particularly the 5-year analysis, presents an intricate evolu-
tion of TAVI outcomes. While the initial reports favored TAVI, longer-term observations
prompt nuanced considerations. Notably, mortality data encompassing both cardiovas-
cular and non-cardiovascular deaths reveal intriguing trends. Adjudication of cardiovas-
cular deaths with stringent criteria in the PARTNER 3 trial showed nuanced rates at 5
years, underscoring the need for cautious interpretation. Additionally, the apparent atten-
uation of differences in primary endpoint rates between TAVI and SAVR warrants atten-
tion. While several secondary endpoints favor TAV], factors such as residual aortic regur-
gitation and valve thrombosis lean towards SAVR, emphasizing the complex landscape of
technological advancements and therapeutic evolution [17]. On the other side, the Evolut
low-risk 4-year examination compares TAVR versus SAVR in low-risk aortic stenosis pa-
tients, revealing a 26% lower risk of death or disabling stroke with TAVR. Over time,
TAVR’s advantage widens, with a 3.4% difference at 4 years. Notably, TAVR showcases
improved hemodynamics but a higher rate of pacemaker implantation. This highlights
the need for a decade-long follow-up to comprehensively gauge valve durability and per-
formance in this population [18].

These studies provided the backbone for either the European guidelines, which sub-
stantially encourage TAVI in all patients of 75 years or beyond, or the US guidelines, which
further pushed the recommendation by advocating TAVI as a possible alternative to SAVR
in all patients between 65 and 80 years of age.

For younger patients choosing surgical aortic valve replacement (SAVR), options for
dealing with future valve issues include TAV-in-SAV or redo SAVR. For those opting for
transcatheter aortic valve replacement (TAVR), potential solutions for valve failure encom-
pass TAVR explant with SAVR or TAV-in-TAV. Understanding these options before the
initial intervention is crucial, as it shapes future treatment pathways [9-13].

With the recent approval of low-risk TAVR, managing a SAVR-first strategy is more
established. While TAV-in-SAV shows promising short-term outcomes over a redo SAVR,
concerns about its durability exist. The redo SAVR involves higher risks but offers ad-
vantages like lower postoperative gradients and less leakage. Ongoing research is explor-
ing reintervention possibilities in a TAVR-first strategy [16-22].
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Contrarily to older patients, those in their 70s or 60s have been substantially un-
derrepresented in RCTs published so far, with most evidence nowadays available deriv-
ing from observational studies. In the German Quality Assurance Registry on Aortic Valve
Replacement (AQUA) [19], for instance, SAVR and transfemoral TAVI were compared
among patients <75 years. After propensity matching, in-hospital outcomes did not differ
between the two cohorts, except for a higher rate of permanent pacemaker implantation
in TAVI patients and a higher rate of delirium in SAVR patients. Later, Witberg and col-
leagues [20] compared patients <70 and >70 years who had undergone TAVI, showing a
similar incidence of in-hospital adverse events and a similar rate of all-cause mortality up
to 5 years. Taken together, these observations further support the substantial equipoise of
the surgical and transcatheter approaches in the youngest candidates as well, with a con-
sistent benefit of TAVI in terms of hard clinical outcomes across different ages. The present
study further expands this literature, confirming a comparable safety—efficacy profile of
TAVI in patients at the two extremes of the prespecified age threshold. Differently from
the previously published data, however, we focused on a guideline-recommended cutoff,
which makes our study of immediate practical relevance by providing clinicians and in-
terventionalists with a tool to enhance guideline understanding and critically appraise
their content.

Although our study did not find any relevant impact of age on clinical outcomes fol-
lowing transfemoral TAVI, a high number of factors tightly intertwined with patients’ age,
unfortunately not fully captured by our data, should be taken into account. First and fore-
most, as shown by previous studies performed on patients treated with SAVR, young age
is among the drivers of structural valve deterioration [21]. Notwithstanding the similari-
ties between the prostheses adopted for TAVI and SAVR, it remains currently uncertain
whether the long-term performance of the first might reproduce that of surgical valves.
Moreover, even in the era of alignment techniques, current devices for TAVI carry the risk
of making coronary re-access harder compared to surgical prostheses [22]. Therefore, they
could potentially hamper future percutaneous coronary revascularizations, which is of
particular interest to young patients [23].

Hence, the choice of the type of intervention should be weighted on several factors,
among which age remains, without doubt, essential. Substantial heterogeneity in terms of
treatment outcomes is unlikely to be exclusively predictable by age itself. Harmonizing
technical and clinical aspects as well as patients’ preferences, as encouraged by the current
guidelines, will remain a must in the near future. In the pursuit of lifelong management
of aortic treatment, the evolving dynamics underscore the necessity for continued explo-
ration, embracing evolving technologies, and collaborative efforts. The uncharted terri-
tory necessitates a collaborative approach between heart teams, scientific researchers, and
surgical entities to navigate this realm of evolving strategies, affirming that the game for
aortic treatment’s lifelong management remains wide open.

Limitations

The retrospective and non-randomized design is an inherent and key limitation of
the present study, preventing us from excluding the influence of confounders and limiting
our capability to explore all the potential effect modifiers. Missing data (13.5%) might have
influenced the reliability of the analysis. We would have aimed at performing further anal-
yses to explore the age cutoffs supported by the US guidelines; unfortunately, this was
substantially impossible due to the very low number of patients aged less than 65 years.
Furthermore, patients included in the dataset may not be representative of those im-
planted with balloon-expandable valves, which were not enrolled in the HORSE registry.
Finally, due to the lack of long-term clinical and echocardiographic follow-up, we cannot
estimate the impact of structural valve deterioration.
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5. Conclusions

Careful, case-by-case evaluation of patient features and preferences remains a must
in severe AS. Age-related issues exist and should be considered when choosing the best
treatment strategy. However, the age cutoff advocated by contemporary guidelines does
not stratify the occurrence of hard adverse events, either during the hospital stay or
through a mid-length follow-up.
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https://www.mdpi.com/article/10.3390/jcdd11010033/s1. Table S1: In-hospital outcomes according
to age quartiles; Figure S1: All-cause mortality according to age quartiles. Table S2: Predictors of
mortality, including age as a factor, beyond its non-significance at the univariate analysis.

Author Contributions: Conceptualization, A.S. and S.B.; methodology, A.S., S.B., and F.G. (Fran-
cesco Giannini); software, A.S., and S.B.; validation, A.S., W.-k.X.,, A.AK, T.Z.,, S.T.,, RG., F.D.M.,,
AM., DR, BR, LN.-F, M.B, AR, TP, ].R.-C, LP.,, A.C, and F.G. (Francesco Giannini); formal
analysis, A.S., S.B., F.G. (Francesco Gallo), A.C., and F.G (Francesco Giannini).; investigation, A.S.,
W.-kK,AAK,TZ,ST,RG,EDM., AM, DR, BR, LN.-F, MB, AR, TP, JR.-C,1LP,A.C,
and F.G. (Francesco Giannini); resources, A.S., W.-k K, A.AK, T.Z, S.T.,, RG., EDM., AM., DR,
B.R, LN.-F,, M.B., AR, T.P, J.R.-C, LP.,, A.C,, and F.G. (Francesco Gallo); data curation, A.S., S.B.,
and F.G. (Francesco Gallo); writing —original draft preparation, A.S., S.B., and F.G. (Francesco Gian-
nini); writing—review and editing, A.S.,, W.-k K., A AK, T.Z, ST, R.G,, FD.M, AM, DR, BR,
L.N.-F, M.B, AR, TP, JR.-C, I.P,, A.C, and F.G. (Francesco Giannini); visualization, A.S., S.B.,
and F.G. (Francesco Gallo); supervision, A.S., L.P., A.C,, and F.G. (Francesco Giannini); project ad-
ministration, A.S. and F.G. (Francesco Giannini); All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and submitted as study communication to the Institutional Review Board of every
participating center without a dedicated approval due to its retrospective character.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data is unavailable due to privacy and ethical restrictions.
Acknowledgments: None.

Conflicts of Interest: Won-keun Kim received personal fees from Abbott, Boston Scientific, Edwards
Lifesciences, Medtronic, Meril Life Sciences, and Shockwave Medical. Stefan Toggweiler serves as a
consultant and/or proctor for Boston Scientific, Edwards Lifesciences, Medtronic, Abbott Vascular,
Biosensors, Shockwave, Teleflex, Medira, AtHeart Medical, VeoSource, and Polares Medical, has re-
ceived institutional research grants from Boston Scientific, Biosensors, Fumedica, and Novartis and
holds equity in Hi-D Imaging. The other authors have nothing to disclose.

References

1.

Leon, M.B.; Smith, C.R.; Mack, M.].; Makkar, R.R.; Svensson, L.G.; Kodali, S.K.; Thourani, V.H.; Tuzcu, EM.; Miller, D.C.;
Herrmann, H.C.; et al. Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients. N. Engl. . Med. 2016,
374, 1609-1620. https://doi.org/10.1056/NEJMOA1514616.

Mack, M.J.; Leon, M.B.; Thourani, V.H.; Makkar, R.; Kodali, S.K.; Russo, M.; Kapadia, S.R.; Malaisrie, S.C.; Cohen, D.J.; Pibarot,
P; et al. Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N. Engl. |. Med. 2019,
380, 1695-1705. https://doi.org/10.1056/NEJMOA1814052/SUPPL_FILE/NEJMOA1814052_DATA-SHARING.PDF.

Reardon, M.].; Van Mieghem, N.M.; Popma, ].J.; Kleiman, N.S.; Sondergaard, L.; Mumtaz, M.; Adams, D.H.; Deeb, G.M.; Maini,
B.; Gada, H.; et al. Surgical or Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients. N. Engl. ]. Med. 2017, 376,
1321-1331. https://doi.org/10.1056/NEJMOA1700456.

Popma, ].].; Deeb, G.M.; Yakubov, S.J.; Mumtaz, M.; Gada, H.; O’'Hair, D.; Bajwa, T.; Heiser, J.C.; Merhi, W.; Kleiman, N.S.; et
al. Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N. Engl. ]. Med. 2019, 380, 1706—
1715. https://doi.org/10.1056/NEJMOA1816885.

Landes, U.; Webb, ].G.; De Backer, O.; Sondergaard, L.; Abdel-Wahab, M.; Crusius, L.; Kim, W.-K,; Hamm, C.; Buzzatti, N.;
Montorfano, M.; et al. Repeat Transcatheter Aortic Valve Replacement for Transcatheter Prosthesis Dysfunction. |. Am. Coll.
Cardiol. 2020, 75, 1882-1893. https://doi.org/10.1016/j.jacc.2020.02.051.



J. Cardiovasc. Dev. Dis. 2024, 11, 33 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sendergaard, L.; Steinbriichel, D.A.; Ihlemann, N.; Nissen, H.; Kjeldsen, B.].; Petursson, P.; Ngo, A.T.; Olsen, N.T.; Chang, Y.;
Franzen, O.W.; et al. Two-Year Outcomes in Patients With Severe Aortic Valve Stenosis Randomized to Transcatheter Versus
Surgical Aortic Valve Replacement: The All-Comers Nordic Aortic Valve Intervention Randomized Clinical Trial. Circ.
Cardiovasc. Interv. 2016, 9, €003665. https://doi.org/10.1161/CIRCINTERVENTIONS.115.003665.

Smith, C.R.; Leon, M.B.; Mack, M.].; Miller, D.C.; Moses, ].W.; Svensson, L.G.; Tuzcu, E.M.; Webb, ].G.; Fontana, G.P.; Makkar,
R.R; et al. Transcatheter versus Surgical Aortic-Valve Replacement in High-Risk Patients. N. Engl. |. Med. 2011, 364, 2187-2198.
https://doi.org/10.1056/NEJMOA1103510.

Galappatthy, G. Outcome of 511 Atrial Septal Defect Device Closures without Balloon Sizing. Catheter. Cardiovasc. Interv. 2013,
81, 523-5S24. https://doi.org/10.1002/ccd.24919.

Vahanian, A.; Beyersdorf, F.; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M.; De
Paulis, R.; et al. 2021 ESC/EACTS Guidelines for the Management of Valvular Heart Disease. Eur. Heart ]. 2022, 43, 561-632.
https://doi.org/10.1093/EURHEARTJ/EHAB395.

Gallo, F.; Gallone, G.; Kim, W.K,; Reifart, J.; Veulemans, V.; Zeus, T.; Toggweiler, S.; De Backer, O.; Sendergaard, L.; Mangieri,
A_; etal. Horizontal Aorta in Transcatheter Self-Expanding Valves: Insights From the HORSE International Multicentre Registry.
Circ. Cardiovasc. Interv. 2021, 14, e010641. https://doi.org/10.1161/CIRCINTERVENTIONS.121.010641.

World Medical Association. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research
Involving Human Subjects. JAMA 2013, 310, 2191-2194. https://doi.org/10.1001/JAMA.2013.281053.

Kappetein, A.P.; Head, S.J.; Généreux, P.; Piazza, N.; Van Mieghem, N.M.; Blackstone, E.H.; Brott, T.G.; Cohen, D.J.; Cutlip, D.E.;
Van Es, G.A,; et al. Updated Standardized Endpoint Definitions for Transcatheter Aortic Valve Implantation: The Valve
Academic Research Consortium-2 Consensus Document. Eur. Heart  ]. 2012, 33, 2403-2418.
https://doi.org/10.1093/EURHEART]J/EHS255.

Attinger-Toller, A.; Ferrari, E.; Tueller, D.; Templin, C.; Muller, O.; Nietlispach, F.; Toggweiler, S.; Noble, S.; Roffi, M.; Jeger, R.;
et al. Age-Related Outcomes After Transcatheter Aortic Valve Replacement: Insights From the SwissTAVI Registry. JACC.
Cardiovasc. Interv. 2021, 14, 952-960. https://doi.org/10.1016/].JCIN.2021.01.042.

Vlastra, W.; Chandrasekhar, J.; Vendrik, J.; Gutierrez-Ibanes, E.; Tchétché, D.; de Brito, F.S.; Barbanti, M.; Kornowski, R.; Latib,
A.; D’Onofrio, A ; et al. Transfemoral TAVR in Nonagenarians: From the CENTER Collaboration. JACC. Cardiovasc. Interv. 2019,
12, 911-920. https://doi.org/10.1016/].JCIN.2019.02.031.

Bax, J.J.; Delgado, V.; Bapat, V.; Baumgartner, H.; Collet, ].P.; Erbel, R.; Hamm, C.; Kappetein, A.P.; Leipsic, J.; Leon, M.B; et al.
Open Issues in Transcatheter Aortic Valve Implantation. Part 1: Patient Selection and Treatment Strategy for Transcatheter
Aortic Valve Implantation. Eur. Heart ]. 2014, 35, 2627-2638. https://doi.org/10.1093/eurheartj/ehu256.

Laricchia, A.; Cereda, A.; Lucreziotti, S.; Sticchi, A.; Regazzoli, D.; Reimers, B.; Colombo, A.; Latib, A.; Mangieri, A. Expanding
Our Horizons for the Use of Transcatheter Self-Expanding Valves: What Does the Future Hold? Expert Rev. Cardiovasc. Ther.
2022, 20, 497-501. https://doi.org/10.1080/14779072.2022.2085688.

Mack, M.J.; Leon, M.B.; Thourani, V.H.; Pibarot, P.; Hahn, R.T.; Genereux, P.; Kodali, S.K.; Kapadia, S.R.; Cohen, D.]J.; Pocock,
S.J.; et al. Transcatheter Aortic-Valve Replacement in Low-Risk Patients at Five Years. N. Engl. . Med. 2023, 389, 1949-1960.
https://doi.org/10.1056/NEJMOA2307447.

Forrest, ].K.; Deeb, G.M.; Yakubov, S.J.; Gada, H.; Mumtaz, M.A.; Ramlawi, B.; Bajwa, T.; Teirstein, P.S.; Tchétché, D.; Huang,
J.; et al. 4-Year Outcomes of Patients With Aortic Stenosis in the Evolut Low Risk Trial. . Am. Coll. Cardiol. 2023, 82, 2163-2165.
https://doi.org/10.1016/].JACC.2023.09.813.

Eggebrecht, H.; Bestehorn, K.; Rassaf, T.; Bestehorn, M.; Voigtlander, T.; Fleck, E.; Schachinger, V.; Schmermund, A.; Mehta,
R.H. In-Hospital Outcomes after Transcatheter or Surgical Aortic Valve Replacement in Younger Patients Less than 75 Years
Old: A Propensity-Matched Comparison. Eurolntervention 2018, 14, 50-57. https://doi.org/10.4244/EIJ-D-17-01051.

Witberg, G.; Landes, U.; Codner, P.; Barbanti, M.; Valvo, R.; De Backer, O.; Ooms, J.F.; Mclnerney, A.; Masiero, G.; Werner, P.;
et al. Clinical Outcomes of Transcatheter Aortic Valve Implantation in Patients Younger than 70 Years Rejected for Surgery: The
AMTRAC Registry. Eurolntervention 2022, 17, 1289-1297. https://doi.org/10.4244/EIJ-D-21-00613.

Johnston, D.R.; Soltesz, E.G.; Vakil, N.; Rajeswaran, J.; Roselli, E.E.; Sabik, J.F.; Smedira, N.G.; Svensson, L.G.; Lytle, BW.;
Blackstone, E.H. Long-Term Durability of Bioprosthetic Aortic Valves: Implications from 12,569 Implants. Ann. Thorac. Surg.
2015, 99, 1239-1247. https://doi.org/10.1016/]. ATHORACSUR.2014.10.070.

Khokhar, A.A.; Ponticelli, F.; Zlahoda-Huzior, A.; Chandra, K.; Ruggiero, R.; Toselli, M.; Gallo, F.; Cereda, A.; Sticchi, A.;
Laricchia, A.; et al. Coronary Access Following ACURATE Neo Implantation for Transcatheter Aortic Valve-in-Valve
Implantation: Ex Vivo Analysis in Patient-Specific Anatomies. Front. Cardiovasc. Med. 2022, 9, 902564.
https://doi.org/10.3389/FCVM.2022.902564.

Otto, C.M. Alignment and Divergence in European and North American Aortic Stenosis Guidelines. Eurolntervention 2022, 17,
E1123-E1125. https://doi.org/10.4244/EI]-E-21-00013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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.



