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Abstract

Background: Comparisons between transcatheter and surgical aortic valve replacement
(TAVR or SAVR) in younger aortic stenosis (AS) patients are scarce. The aim of the study was
to evaluate the 5-year outcomes of AS patients <75 years undergoing TAVR or SAVR. Meth-
ods: This was a single-center study that retrospectively included AS patients <75 years who
underwent transfemoral TAVR or SAVR from a Chinese real-world database (2014-2023).
The primary outcome was defined as the composite of all-cause death, stroke, and cardio-
vascular rehospitalization at 5 years post-procedure. Robust risk adjustment was performed
using inverse probability weighting (IPTW), multilevel regression models, and competing-
risk analysis. Sensitivity analyses included comparison between TAVR and mechanical or
bioprosthetic SAVR separately in the overall cohort and patients with bicuspid aortic valve
(BAV). Results: A total of 1646 patients undergoing TAVR (1 = 808) or SAVR (n = 838) were
finally included. At baseline, TAVR patients had an older age [(67.9 £ 5.2) vs. (56.5 £ 9.6)
years, p < 0.001] and a higher surgical risk score [(3.1 & 1.5) vs. (2.1 &£ 1.0) %, p < 0.001]
than SAVR patients, which was well balanced after IPTW. The 5-year adjusted risk of
the primary outcome was similar (TAVR 45.9% vs. SAVR 43.4%, weighted hazard ratio,
1.00, 95% confidence interval, 0.64-1.54, p = 0.986), which stayed comparable between
TAVR and mechanical or bioprosthetic SAVR separately. In BAV patients (n = 516), the
risk of death was 8.3% in the TAVR group and 3.4% in the SAVR group (p = 0.349). The
risk of bioprosthetic structural valve deterioration at 5 years was comparable between
groups in the overall cohort (5.7% vs. 8.4%, p = 0.478) and BAV patients (7.8% vs. 13.2%,
p = 0.345). Conclusions: In this retrospective study of patients aged <75 years, the risk-
adjusted 5-year major clinical outcomes were statistically similar between TAVR and SAVR.
However, given the inherent historical imbalances, these exploratory findings should be
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interpreted with caution, and dedicated prospective studies are still needed in younger
and BAV populations.

Keywords: aortic stenosis; surgical aortic valve replacement; transcatheter aortic valve
replacement; bicuspid aortic valve; China

1. Introduction

After 20 years’ development, transcatheter aortic valve replacement (TAVR) has
evolved into the standard-of-care treatment for elderly patients with severe, symptomatic
aortic stenosis (AS) across all surgical risk categories [1-6]. The 2020 American College of
Cardiology/American Heart Association (ACC/AHA) guidelines for the management of
valvular heart disease (VHD) used an age threshold of <65 years to recommend surgical
aortic valve replacement (SAVR) and an age >80 years to recommend TAVR [7], while
in the recently published (2025) European Society of Cardiology/European Association
for Cardio-Thoracic Surgery (ESC/EACTS) guidelines, the age threshold for TAVR has
changed to 70 years compared to 75 years in the version of 2021 [8,9].

Severe AS in younger individuals—typically clinically defined as patients aged under
65 or 75 years—presents a distinct and challenging clinical entity. The overall prevalence of
AS in the population <65 years is relatively low, estimated at less than 1%, with bicuspid
aortic valve (BAV) anatomy accounting for 30-50% of younger AS patients [10]. While
SAVR remains the first-line treatment for young AS patients, TAVR may be preferable
in individuals presenting with specific high-risk comorbidities such as porcelain aorta,
prior chest radiation, or extensive thoracic surgeries; those with a strong preference for
a minimally invasive approach to achieve faster recovery, or individuals facing a high
risk of future repeat open-heart surgery. Backed by confirmed efficacy and safety by
randomized controlled trials (RCTs) in different patient cohorts [1-6], there was already
a clear trend across the world to adopt TAVR in AS patients <75 years, even in patients
<65 years who are potential candidates for mechanical surgical valves, which is outside
of current guideline recommendations [11,12]. However, long-term clinical prognosis and
valve durability remain the paramount concerns when expanding TAVR indications to this
younger population with decades of life expectancy, and more robust evidence is awaited.
Additionally, current guidelines show a cautious attitude towards the application of TAVR
in patients with BAV anatomy [7,9]. Since the prevalence of BAV anatomy is significantly
rising in the younger AS population, the investigation of different procedural strategies for
this specific patient cohort is needed.

In this study, we aimed to evaluate the 5-year outcomes of younger (<75 years) AS
patients undergoing TAVR or SAVR by using real-world retrospective data, involving both
mechanical and bioprosthetic SAVR, also in the aspects of different aortic valve anatomy.

2. Methods
2.1. Data Sources

We used data from a dedicated VHD database—the percutaneous or surgical treatment
of heart valves (PASS) database. The PASS database was established through the collabo-
rations between West China Hospital, Sichuan University in China, and Sichuan Health
Care Big Data Center, an authorized government institution. The PASS database contained
longitudinal, nonidentified patient electronic health care records collected from patients
with VHD in an 8.36 million Chinese population. Diagnoses, procedures, and clinical
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variables were identified through International Classification of Diseases 10th Revision
(ICD-10) codes.

This study received institutional review board approval from West China Hospital,
Sichuan University (2023-1085), and was registered in the Chinese Clinical Trial Registry
(No. ChiCTR2000038526).

2.2. Study Design

Patients diagnosed with severe symptomatic AS by transthoracic echocardiography
(TTE), aged 18 to 74 years, with low/intermediate operative risk (Society of Thoracic
Surgeons, STS score <8%), who underwent transfemoral TAVR or SAVR—AVR—from
1 January 2014 to 30 June 2023 were retrospectively included in this study. Participants
were excluded if there was a prior AVR, severe vascular disease that prevents open-heart
surgery or transfemoral TAVR, need for additional mitral/tricuspid valve therapy or
root replacement, myocardial infarction or clinical stroke within the last 30 days, current
endocarditis, intracardiac tumor, thrombus or vegetation, kidney disease requiring dialysis,
or baseline left ventricular ejection fraction (LVEF) <25%.

All baseline and follow-up TTE examinations were performed using standard commer-
cial ultrasound systems by certified, experienced sonographers. To validate data quality
and minimize diagnostic bias, all stored digital images were independently reviewed and
verified by two cardiologists blinded to the clinical outcomes. Any discrepancies in valve
morphology or regurgitation grading were resolved through consensus or arbitration by a
third senior imaging expert. Inter-observer and intra-observer variabilities were evaluated in
a random sample of 10% of the cohort, demonstrating excellent diagnostic reproducibility.

Due to the increasing use of TAVR over time in this study, the number of patients with
long-term follow-up (>5 years) was obviously lower in the TAVR than SAVR group. The
risk curves in this study were then all truncated to 5 years (60 months) to narrow this gap.

2.3. Study Endpoints

Data for every hospitalization, including diagnoses, were systematically extracted
from the PASS database. The rehospitalization counted in this study was defined as the
cardiovascular rehospitalization according to the Valve Academic Research Consortium-3
(VARC-3) criteria [13], including procedure-related, valve-related, heart failure-related
rehospitalization, and other cardiovascular rehospitalization (e.g., acute myocardial in-
farction, hypertension, arrhythmia not directly related to the index procedure). The new
permanent pacemaker implantation (PPMI) involved the implant within the index hospi-
talization and rehospitalization after the procedure. Mortality data from the PASS database
were verified through the National Household Registration System to add out-of-hospital
and out-of-province deaths.

Valve performance-related outcomes included structural valve deterioration (SVD),
moderate to severe paravalvular leak (PVL), endocarditis, and valve thrombosis. SVD was
only assessed in patients with a bioprosthesis, defined as moderate SVD (mean transpros-
thetic gradient >20 mmHg AND increase >10 mmHg from the first follow-up OR moderate
intraprosthetic regurgitation) and severe SVD (mean transprosthetic gradient >30 mmHg
AND increase >20 mmHg from the first follow-up OR severe intraprosthetic regurgitation).

The time in therapeutic range (TTR) was assessed for patients undergoing mechanical
SAVR by the Rosendaal method, calculated as the total time in therapeutic interval divided
by total time of observation. The target international normalized ratio (INR) was pre-set at
1.8-2.5 or 2.0-3.0 [14,15].

The primary outcome was defined as the composite outcome of all-cause mortality,
stroke, and rehospitalization at 5 years after the procedure. The secondary outcomes

https://doi.org/10.3390/jcm15145574


https://doi.org/10.3390/jcm15145574

J. Clin. Med. 2026, 15, 5574

4of 14

included major clinical outcomes (all-cause mortality, clinical stroke, rehospitalizations),
specific rehospitalization, new PPMI, and valve performance at 5 years after the procedure.

2.4. Statistical Analysis Plan

Continuous variables were described as mean =+ standard deviation (SD) and com-
pared using Student’s t-test. Categorical variables were described as percentages (%) and
compared using the chi-square test. Time-to-event analyses for all outcomes were origi-
nally performed with Kaplan—-Meier (KM) estimates and compared with a Log-rank test.
During the long recruitment period of this study, clinical guidelines evolved, and both
transcatheter and surgical techniques/devices were progressively refined. To mitigate the
potential historical bias and period effects, robust risk adjustment and extensive sensitivity
analyses were applied. The robust risk adjustment was performed using 2 methods: The
primary analysis used multivariable Cox regression, which includes all baseline covariates,
generating the unweighted adjusted hazard ratio (aHR) with 95% confidence interval (CI).
The secondary analysis was performed using inverse probability of treatment weighting
(IPTW), then Cox regression modeling for the composite primary outcome and all-cause
death, Fine-Gray time-to-event analysis accounting for competing risk of death for stroke,
rehospitalizations, new PPMI, and valve performance; thereafter, a weighted HR with 95%
CI was generated for all outcomes. Proportional hazards assumptions were assessed using
Schoenfeld residuals for each endpoint. Covariates included in IPTW were patient demo-
graphics (age, sex, and body mass index, BMI), underlying medical conditions (history
of hypertension, diabetes, coronary artery disease, chronic lung disease, chronic kidney
disease, peripheral artery disease, cancer, atrial fibrillation, prior stroke, baseline LVEF, STS
score and concomitant coronary artery interventions), and the procedural date to account
for the change in AVR approach as well as device generation over time. The balance before
and after IPTW was assessed via the absolute standardized mean difference (SMD).

For sensitivity analysis, we used multiple imputations (5 datasets) by chained equa-
tions to handle missing covariate data (baseline BMI only; percentage missing: 15.7%)
and performed multiple subgroup analyses—aortic valve anatomy and mechanical or
bioprosthetic SAVR—to explore the variability in main results. For all subgroup analyses,
the IPTW and robust risk adjustment were re-estimated.

All statistical analyses were performed using R software (version 4.4.0, Free Software
Foundation, Inc., Boston, MA, USA). IPTW was applied using the R package WeightIt in R
software version 4.4.0. Statistical significance was defined as a two-tailed p-value of <0.05.
No Artificial Intelligence was used in the research and manuscript development.

3. Results

3.1. Baseline Characteristics

A total of 4772 AS patients who underwent AVR from 1 January 2014 to 30 June 2023
from the PASS database were screened, while 1646 patients were finally included in this
study (Supplementary Figure S1). At baseline, patients in the TAVR group (n = 808) had
an older age [(67.9 & 5.2) vs. (56.5 & 9.6) years, p < 0.001], a higher STS score [(3.1 £ 1.5)
vs. (2.1 = 1.0) %, p < 0.001], and a higher prevalence of underlying diseases than the SAVR
group (n = 838). After IPTW, the baseline characteristics were well balanced between the
two groups, with an SMD of <0.001 across all covariates (Table 1). The mean transvalvular
gradient (56.8 &+ 14.1 vs. 57.7 £ 15.3 mmHg, SMD 0.064) and the maximal aortic valve
velocity (4.8 & 0.5 vs. 4.9 & 0.7 m/s, SMD 0.051) at baseline was comparable between
groups before IPTW, as well as the prevalence of moderate to severe aortic regurgitation
(9.9% vs. 11.9%, SMD 0.065) and mitral regurgitation (2.2% vs. 2.5%, SMD 0.018).
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Table 1. Baseline characteristics between the TAVR and SAVR groups, before and after weighting.

Unweighted IPTW-Weighted

TAVR (n=808) SAVR (n=838) SMD TAVR SAVR SMD
Age, years 679 +5.2 56.5 + 9.6 1.48 619 +11.3 619 +9.1 <0.001
Male 440 (54.5) 420 (50.1) 0.09 55.1 55.1 <0.001
BM], kg/rn2 233+ 3.6 239 +£3.2 0.18 238 £33 23.8+34 <0.001
STS score, % 31+15 21+1.0 0.75 25+1.3 25+1.1 <0.001
Hypertension 288 (35.6) 167 (19.9) 0.36 29.4 29.4 <0.001
Diabetes mellitus 139 (17.2) 48 (5.7) 0.37 11.1 11.1 <0.001
COPD 140 (17.3) 8 (1.0 0.59 8.5 8.5 <0.001
Coronary artery disease 168 (20.8) 67 (8.0) 0.37 15.8 15.8 <0.001
Peri-artery disease 22 (2.7) 1(0.1) 0.22 3.5 3.5 <0.001
Prior stroke 30 (3.7) 8 (1.0) 0.18 2.1 2.1 <0.001
Atrial fibrillation 94 (11.6) 21 (2.5) 0.36 6.2 6.2 <0.001
Chronic kidney disease 55 (6.8) 5(0.6) 0.33 34 34 <0.001
Cancer 20 (2.5) 4(0.5) 0.17 1.2 1.2 <0.001
LVEF 57.0 £ 14.0 63.4 +10.0 0.53 58.6 + 15.0 58.6 + 124 <0.001
Concomitant CABG/PCI 11 (1.4) 29 (3.5) 0.14 7.7 7.7 <0.001

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; BMI, body mass index;
IPTW, inverse probability of treatment weighting; LVEF, left ventricular ejection fraction; PCI, percutaneous
coronary intervention; SAVR, surgical aortic valve replacement; SMD, standardized mean difference; STS, Society
of Thoracic Surgeons; TAVR, transcatheter aortic valve replacement.

Among patients in the SAVR group, 355 patients (42.4%) were replaced with a bio-
prosthetic aortic valve, while in the TAVR group, a self-expanding transcatheter heart valve
(THV) was implanted in 706 patients (87.4%). The incidence of TAVR use in AS patients
<75 years increased from 23% in 2014 to 78% in 2022. While the use of surgical prosthesis
stayed similar over the study period, most TAVR patients received the newer generation of
domestic THVs after 2021 (Supplementary Figure S2).

3.2. Five-Year Outcomes After TAVR or SAVR

The median follow-up duration for the study population was 56 (IQR: 36-83) months,
which was 42 (31-61) months in the TAVR group and 76 (52-97) months in the SAVR
group. At 60 months (5 years), the cumulative risk of the composite primary outcome was
61.1% in TAVR group and 33.0% in SAVR group (Log-rank test, p < 0.0001) (Figure 1A);
however, after multivariable COX regression analysis (unweighted aHR 0.97; 95% CI
0.77-1.24, p = 0.825) and after IPTW (weighted risk 45.9% vs. 43.6%, weighted HR 1.00, 95%
CI 0.64-1.54, p = 0.986), no statistical difference was shown between groups (Figure 1B). The
cumulative risk of all-cause death at 5 years was 12.2% and 4.1%, respectively (Log-rank
test, p < 0.001), with a similar weighted risk after IPTW (6.4% vs. 7.5%, weighted HR 0.77,
95% CI 0.32-1.87, p = 0.568) (Figure 2A). In addition, the weighted risk of stroke (weighted
HR 1.23; 95% CI 0.61-2.48, p = 0.568) and rehospitalization (weighted HR 1.06; 95% CI
0.68-1.67, p = 0.790) was comparable in patients undergoing TAVR or SAVR at 5 years after
the procedure (Figure 2B-D). Detailed clinical outcomes were shown in Supplementary
Figure S3.

The key secondary endpoints were summarized in Table 2. Generally, the weighted
5-year risk of procedure-, valve-, heart failure-related, and other cardiovascular rehospital-
ization was similar between the TAVR and SAVR groups. The weighted 5-year risk of new
PPMI was significantly higher in the TAVR group (22.7% vs. 2.6%; weighted HR, 10.66; 95%
CI, 3.34-34.05; p < 0.001). Only three TAVR patients and one bioprosthetic SAVR patient
underwent aortic valve re-intervention within 5 years after the procedure. The weighted
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5-year bleeding risk after the index hospitalization was comparable between groups (4.5%

vs. 4.3%; weighted HR, 1.13; 95% CI, 0.51-2.48; p = 0.766).
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Figure 1. Original and weighted risk of the primary outcome in the overall cohort. Before weighting,

the risk of the primary composite outcome (A) was significantly higher in the TAVR group than in the

SAVR group (Log-rank test, p < 0.0001). After weighting, the risk of the primary composite outcome
(B) was similar between groups (weighted HR, 1.00; 95% CI, 0.64-1.54, p = 0.986). SAVR, surgical
aortic valve replacement; TAVR, transcatheter aortic valve replacement.
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rehospitalizations
All-cause death 122 41 6.4 7.5 124(0.69-2.24)  0.77(0.32-187)  0.568
Stroke 7.5 2.8 3.9 3.7 1.24 (0.60-2.53) 1.23 (0.61-2.48) 0.568
Rehospitalizations 55.6 30.4 424 38.2 0.98 (0.76-1.26) 1.06 (0.68-1.67) 0.790

Figure 2. Weighted major clinical outcomes in the overall cohort. The weighted risk of all-cause
death (A), stroke (B), and rehospitalization (C) was similar between groups in the overall cohort. A
summary of all above outcomes as cumulative risks (Kaplan—-Meier estimates), results of robust risk
adjustment, and p-value for the weighted HR (D). SAVR, surgical aortic valve replacement; TAVR,

transcatheter aortic valve replacement.

Table 2. Key secondary endpoints at 5 years between the TAVR and SAVR groups.

Cumulative Risk Weighted Risk
Over 5 Years, % Over 5 Years, % Weighted HR (95% Value

TAVR SAVR TAVR SAVR CI) p

n = 808 n =838
Heart failure rehospitalizations 23.8 74 13.3 10.2 1.17 (0.58-2.36) 0.662
Procedure-related rehospitalizations 14.1 6.6 12.6 12.1 1.18 (0.48-2.88) 0.714
Valve-related rehospitalizations 8.2 5.3 5.0 6.2 0.81 (0.39-1.67) 0.567
Other CV rehospitalizations 8.2 10.9 8.1 9.7 0.81 (0.45-1.44) 0.467
Bleeding 7.5 4.2 4.5 4.3 1.13 (0.51-2.48) 0.766
New permanent pacemaker implant 18.2 2.0 22.7 2.6 10.66 (3.34-34.05) <0.001
Moderate/severe paravalvular leak 6.1 0.14 6.8 <0.1 91.38 (11.21-744.73) <0.001

CI, confidence interval; CV, cardiovascular; HR, hazard ratio; SAVR, surgical aortic valve replacement; TAVR,
transcatheter aortic valve replacement.

The echocardiographic follow-up was recorded in 1637 patients (99.5%). The mean
transvalvular gradient at the latest follow-up was 13.0 + 6.3 mmHg and 16.2 £+ 7.8 mmHg
in the TAVR and SAVR group, respectively. At 5 years, moderate-to-severe PVL was rare
in both groups but higher in the TAVR group (weighted risk, 6.8% vs. <0.1%; p < 0.001;
Table 2). Only one TAVR patient presented with valve thrombosis, while nine bioprosthetic
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SAVR patients, three TAVR patients, and two mechanical SAVR patients presented with
infectious endocarditis at 5 years.

3.3. Subgroup Analysis

Subgroup analyses included the cohort with BAV anatomy (n = 516) and TAVR versus
mechanical or bioprosthetic SAVR. The comparison between TAVR (1 = 158) and mechanical
SAVR (n = 460) was limited to patients <65 years. Generally, the weighted risk of the primary
outcome was comparable between groups in the BAV cohort (Figure 3A) and between
TAVR and mechanical or bioprosthetic SAVR (Figure 4A,B). Notably, there was no statistical
difference on the weighted risk of all-cause death, even though the risk was higher in the
TAVR group in BAV patients (8.3% vs. 3.4%, weighted HR 1.67, 95% CI 0.57-4.96, p = 0.349)
(Figure 3B-E), while the statistical difference was shown comparing TAVR to bioprosthetic
SAVR in BAV patients (12.4% vs. 1.3%, weighted HR 5.82, 95% CI 1.53-22.17, p = 0.010). The
weighted risk of stroke was lower in patients undergoing TAVR than in those undergoing
mechanical SAVR (0.7% vs. 3.7%; weighted HR 0.22; 95% CI 0.05-0.89; p = 0.034; Figure 4C).
TTR for the mechanical SAVR group was 35.7 £ 22.4% (target INR 2.0-3.0) or 50.7 & 20.3%
(target INR 1.8-2.5). The baseline characteristics and detailed outcomes for all subgroups
were shown in Supplementary Tables S1-58 and Supplementary Figures S4-59.

OUTCOMES IN BAV PATIENTS, WEIGHTED

A B

Death, stroke or rehospitalization Death from any cause

"] Weighted HR, 0.94 (95% Cl, 0.46-1.93) | Weighted HR, 1.67 (95% Cl, 0.57-4.96)

Composite

Stroke Rehospitalization

10- 10
Weighted HR, 0.92 (95% Cl, 0.27-3.12) | Weighted HR, 0.89 (95% Cl, 0.42-1.91)
s |

H
Rehospializaton

Number at risk Number at risk

57 557 531 am 319 261 s 458 a5 1 25
76 560 s10 40 20 233 76 so7 aas 217
] 2 E E ®

EBEE

E [« ive risk over ighted risk over
5 years, % Syears, %
[ ighted aHR ghted HR
P value
TAVR SAVR TAVR SAVR (95% C1) (95% C1)
N=215 N=301

Death, stroke and 51.6 347 328 320 0.63 (0.40-1.00) 0.94 (0.46-1.93) 0.865
rehospitalizations

All-cause death 13.8 43 8.3 34 1.25 (0.44-3.59) 1.67 (0.57-4.96) 0.349
Stroke 6.7 2.7 3.1 34 1.31(0.38-4.57) 0.92 (0.27-3.12) 0.889
Rehospitalizations 394 315 244 29.2 0.61 (0.38-1.00) 0.89 (0.42-1.91) 0.771

Figure 3. Weighted major clinical outcomes in patients with BAV anatomy. The weighted risk of the
primary composite outcome (A), all-cause death (B), stroke (C), and rehospitalization (D) was similar
between groups in patients with BAV anatomy. A summary of cumulative risks (Kaplan—-Meier
estimates), results of robust risk adjustment, and p-value for the weighted HR in patients with BAV
anatomy (E). AS, aortic valve; BAV, bicuspid aortic valve; SAVR, surgical aortic valve replacement;
TAVR, transcatheter aortic valve replacement.
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Figure 4. Weighted major clinical outcomes after TAVR vs. mechanical and bioprosthetic SAVR. The
weighted risk of the primary composite outcome was similar between the TAVR and SAVR group
when the latter group underwent mechanical SAVR (A) or bioprosthetic SAVR (B). The weighted risk
of stroke was lower in the TAVR group than in the mechanical SAVR group (C). SAVR, surgical aortic
valve replacement; TAVR, transcatheter aortic valve replacement.

The weighted risk of SVD was similar after TAVR and bioprosthetic SAVR in the
overall cohort and BAV patients (overall cohort: 5.7% vs. 8.4%, weighted HR 0.76, 95% CI
0.36-1.62, p = 0.478; BAV anatomy: 7.8% vs. 13.2%, weighted HR 0.55, 95% CI 0.16-1.90,
p = 0.345). The risk of severe SVD was <5% in both groups at 5 years after the procedure
(Figure 5).
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Figure 5. Weighted risk of SVD at 5 years after TAVR vs. bioprosthetic SAVR. The weighted risk
of SVD was similar between the TAVR and bioprosthetic SAVR group in the overall cohort (A) and
patients with BAV anatomy (B). A summary of cumulative risks (Kaplan—-Meier estimates), results
of robust risk adjustment, and p-value for the weighted HR (C). BAV, bicuspid aortic valve; SAVR,
surgical aortic valve replacement; SVD, structural valve deterioration; TAVR, transcatheter aortic
valve replacement.
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4. Discussion

In the present study, a 5-year follow-up of AVR in AS patients <75 years was reported.
The main findings were as follows: (1) when comparing TAVR to SAVR, or to mechan-
ical/bioprosthetic SAVR separately in AS patients <75 years, the weighted risk of the
composite outcome of all-cause death, stroke and cardiovascular rehospitalization was
similar between two groups at 5 years, in the overall cohort and in patients with BAV
anatomy; (2) analysis of key secondary endpoints showed a higher weighted risk of 5-year
all-cause death after TAVR than bioprosthetic SAVR in BAV patients, a lower weighted risk
of stroke after TAVR than mechanical SAVR, and generally higher risk of new PPMI and
moderate/severe PVL after TAVR than SAVR; and (3) the 5-year incidence of endocarditis,
valve thrombosis and re-intervention was very low, while the weighted risk of bioprosthetic
SVD was similar between groups in the overall cohort and in patients with BAV anatomy.

A recent meta-analysis of 8 RCTs showed that TAVR was associated with a reduction
in the 1-year incidence of all-cause death or any stroke in AS patients at low to moderate
risk [16]. The landmark RCTs in the low-risk AS population—NOTION, PARTNER 3
and Evolut Low Risk trials—have also provided solid 5-year comparable clinical safety
and efficacy after undergoing TAVR or SAVR [17-19]. The latest NOTION-2 trial showed
clinical equipoise until 3 years after TAVR vs. SAVR, in a study population with a mean
age of 71 years [20,21]. This further promotes the TAVR indication expansion to patients
>70 years in the latest ESC/EACTS guidelines [9]. Multiple studies have also shown that the
“off-label” use of TAVR in patients <65 years has become common in recent years [22-24].
In this study, a patient cohort <75 years was involved, considering the clinical practice in
China over the past 10 years; meanwhile, the current guidelines were further explored with
a subgroup of patients <65 years.

Real-world 5-year data derived from an authorized, large population-based database
were analyzed in this study, showing a higher risk of major clinical endpoints in the TAVR
group than the SAVR group. This was mainly due to the obvious baseline difference
between groups—much lower age and prevalence of comorbidities in the SAVR group than
the TAVR group in the real-world crude data. After applying robust risk assessment and
extensive sensitivity analyses, the baseline confounders were well balanced, and the 5-year
weighted risk of the composite clinical outcome was comparable between TAVR and SAVR,
with the 5-year weighted survival >90% in both groups. In comparison, the NOTION
trial 5-year results showed a comparable survival >80% between TAVR and bioprosthetic
SAVR in the subgroup of patients <75 years (all-cause death 12.9% vs. 18.5%, p = 0.63),
while the PARTNER 3 and Evolut Low Risk trial 5-year rate of all-cause death was also
similar between groups [17-19]. However, given the inherent historical imbalances which
cannot be entirely ruled out, the present findings should be interpreted with caution, and
dedicated prospective studies are still needed in younger AS populations.

Even though the NOTION-2 trial raised concerns about higher stroke risk after TAVR
than SAVR until 3-year follow-up [21], the weighted 5-year risk of stroke was low (around
4%) and similar between groups in this study. A higher risk of new PPMI and moder-
ate/severe PVL after TAVR, compared with SAVR, was seen in the present study, which
is consistent with previous findings from RCTs and real-world studies [17-21,25,26]. Im-
portantly, the clinical impact of a higher PPMI rate in this younger patient cohort might
be more profound than that in elderly patients, since younger patients with decades of
life expectancy face cumulative long-term risks from permanent pacing, including pacing-
induced cardiomyopathy, lead-related complications, and the inevitable need for future
multiple device changes. While the new PPMI rate is reducing with the continuous im-
provement of TAVR devices and techniques [27,28], the long-term clinical burden of PPMI
remains a pivotal counterweight when considering TAVR over SAVR in young patients.
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The 5-year valve performance was also demonstrated, with rare aortic valve re-
intervention, and comparable SVD between TAVR and bioprosthetic SAVR (SVD: 5.7%
vs. 8.4%; severe SVD: 2.1% vs. 3.3%) in young AS patients. Accordingly, the PARTNER
3 trial 5-year rate of severe SVD was 1.1% and 1.0%, respectively [17], while the latest
NOTION-2 trial 3-year results also showed a similar SVD rate (SVD: 4.5% vs. 5.2%; severe
SVD: 0.5% vs. 0.0%) between groups [21]. The numerically higher risk of SVD in this study
might be related to the absence of routine measurement of bioprosthetic effective orifice
area, which also disabled the comparison of prosthesis—patient mismatch between groups.
It is worth noting that for low- and intermediate-risk individuals who are younger and
have a longer life expectancy, long-term valve durability beyond 10 years plays a crucial
role in treatment selection. Long-term prospective data with dedicated echocardiographic
follow-up and core-lab assessment are still eagerly awaited to definitively establish the
long-term durability profile of TAVR in this population. Furthermore, as bioprosthetic
valves will inevitably face failure, the choice between valve-in-valve TAVR and redo SAVR
becomes a critical component of lifelong management for younger AS patients, which
warrants careful pre-procedural consideration and longer follow-up.

While TAVR is expanding to younger populations, the role of mechanical prostheses
cannot be ignored—around 60% of patients in the SAVR group in this study received a
mechanical prosthesis. We demonstrated the 5-year weighted risk of clinical outcomes
between TAVR and mechanical SAVR in patients <65 years. Interestingly, a higher weighted
risk of clinical stroke at 5 years was seen after mechanical SAVR than TAVR. However, the
number of events was small in this subgroup analysis, and anticoagulation quality was
a major confounder in the mechanical SAVR group given the fact of low TTR. Therefore,
this finding should not be interpreted as a definitive advantage of TAVR; instead, the
awareness of optimal anticoagulation management should be emphasized in young AS
patients undergoing mechanical SAVR.

This study also highlighted that the 5-year weighted major clinical outcomes of
younger AS patients with BAV anatomy were statistically similar following TAVR or
SAVR. However, a higher weighted 5-year risk of mortality after TAVR could be seen
(8.3% vs. 3.4%). This finding was again demonstrated with a statistical difference in TAVR
vs. bioprosthetic SAVR in BAV patients. BAV anatomy was identified by transthoracic
echocardiography alone in this study; the mortality signal in BAV patients undergoing
TAVR may reflect unmeasured anatomical or clinical differences rather than a causal effect.
The findings with regard to patients with BAV anatomy were preliminary and exploratory,
which should be interpreted with caution. In accordance with current ESC/EACTS and
ACC/AHA guidelines [7,9], TAVR may be considered in selected BAV patients (e.g., those
with increased surgical risk, suitable anatomy, etc.), while SAVR remains the first-line
treatment for young BAV patients. Evidence from dedicated RCTs focusing on younger,
lower-risk AS patients with BAV anatomy is warranted, while thorough pre-procedural
cardiac CT assessment is critical.

Beyond clinical and anatomical outcomes, the potential expansion of TAVR indica-
tions to younger populations carries profound economic and organizational implications
for healthcare systems. In younger cohorts, the initial procedure and device cost is com-
pounded by the future financial burden of potential lifetime aortic valve re-interventions
and long-term complication management (such as PPMI device replacements). In addi-
tion, performing routine TAVR procedures in younger patients demands an expansion
of catheterization laboratory capacity and specialized transcatheter heart teams. Cost-
effectiveness models must carefully balance these factors before endorsing broad guide-
line expansions.
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5. Limitations

The major limitations of this study compared to RCTs and large-scale multi-center
registries are its retrospective, single-center design, lack of cardiac CT measurements and in-
dependent core-laboratory assessments for valve performance, as well as limited subgroup
sample size. During the study timeframe, patient management guidelines underwent
several updates, and both transcatheter and surgical technologies were continuously re-
fined. Although we performed rigorous methods to control confounders, the inherent
historical bias cannot be entirely eliminated. Additionally, some granular clinical details,
including usage of medical therapy, were not fully standardized or available for all indi-
viduals, which could be a residual confounding. All post-procedural clinical events were
defined according to the rehospitalization records in the database; there was potential
under-ascertainment and under-estimation of each clinical endpoint. Pre-procedural car-
diac CT was not a mandatory routine in the SAVR group; therefore, detailed aortic valve
anatomical features were not available. Finally, this study reported the analysis from a
Chinese population-based database; observations from other countries using a national
database are warranted to further test the reproducibility.

6. Conclusions

Long-term comparative data between TAVR and SAVR in patients <75 years remain
scarce. In this retrospective study of patients aged <75 years with lower surgical risk, after
robust risk adjustment, 5-year major clinical outcomes were statistically similar between
TAVR and SAVR. The 5-year risk of bioprosthetic SVD appeared comparable between
groups. However, given the inherent historical imbalances, these exploratory findings
should be interpreted with caution, and dedicated prospective studies are still needed in
younger and BAV populations.
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