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Methods: An analysis from a prospective reg‑
istry with predefined clinical and echocardio‑
graphic follow‑up included 302 patients who 
underwent TAVI with the CoreValve system 
between 2007 and 2015. Bioprosthetic valve 
failure (BVF) was defined as any bioprosthetic 
valve dysfunction‑related death, re‑intervention, 
or severe hemodynamic valve deterioration.
Results: At the time of TAVI, the mean age was 
80.41 ± 7.01 years, and the Society of Thoracic 
Surgeons (STS) score was 6.13 ± 5.23%. At latest 
follow‑up (median [IQR]: 5 [2–7] years), cumu‑
lative all‑cause mortality rates at 3, 5, 7, and 
10 years was 23.7%, 40%, 65.8%, and 89.8%, 
respectively. Mean aortic valve area and  trans‑
valvular gradient post‑TAVI and at 5, 7, and 
10 years were 1.94, 1.87, 1.69, and 1.98  cm2 

ABSTRACT

Introduction: The expansion of transcatheter 
aortic valve implantation (TAVI) to low‑risk and 
younger patients has increased the relevance of 
the long‑term durability of transcatheter heart 
valves (THV). The present study aims to assess 
the 10‑year durability, hemodynamic perfor‑
mance, and clinical outcomes after TAVI using 
the CoreValve system.

Prior presentation: This study was presented as a poster 
in the 89th DGK annual conference (12–15. April. 2023).

Supplementary Information The online version 
contains supplementary material available at 
https:// doi. org/ 10. 1007/ s40119‑ 024‑ 00369‑2.

K. Elbasha (*) · J. Kaur · M. Landt · S. Alotaibi · 
R. Toelg · V. Geist · G. Richardt · A. Allali 
Cardiology Department, Heart Centre Segeberger 
Kliniken GmbH, Am Kurpak 1, 23795 Bad Segeberg, 
Germany
e‑mail: drkarim.elbasha@gmail.com

K. Elbasha 
Cardiology Department, Zagazig University, Sharkia, 
Egypt

M. Abdelghani · A. Abdelaziz 
Department of Cardiology, Al‑Azhar University, 
Cairo, Egypt

M. Abdelghani 
Cardiology Unit, Department of Internal Medicine, 
Sohar Hospital, Sohar, Oman

M. Abdelghani 
Department of Cardiology, Amsterdam UMC, 
Amsterdam, The Netherlands

S. Alotaibi 
Cardiac Centre, King Fahad Armed Forces Hospital, 
Jeddah, Saudi Arabia

M. Abdel‑Wahab 
Cardiology Department, Heart Centre Leipzig 
at the University of Leipzig, Leipzig, Germany

A. Allali 
University Heart Centre Lübeck, Medical Clinic II, 
Lübeck, Germany

http://orcid.org/0000-0002-4763-4874
http://crossmark.crossref.org/dialog/?doi=10.1007/s40119-024-00369-2&domain=pdf
https://doi.org/10.1007/s40119-024-00369-2


 Cardiol Ther

(p = 0.236) and 8.3, 9.0, 8.2, and 10.1 mmHg 
(p = 0.796), respectively. Overall, 11 patients had 
BVF, of whom six had structural valve deteriora‑
tion (SVD). The 10‑year actual and actuarial free‑
dom from BVF was 96.1% and 78.8%, and from 
SVD was 97.9% and 80.9%, respectively. Three 
patients developed significant non‑SVD due to 
severe paravalvular leakage, and two patients 
were diagnosed with infective endocarditis.
Conclusion: Using an early‑generation self‑
expanding bioprosthesis, we documented dura‑
ble hemodynamic performance and low rates of 
BVF and SVD up to 10 years after TAVI.

Keywords: Transcatheter aortic valve 
implantation; Bioprosthetic valve dysfunction; 
Transcatheter heart valve durability

Key Summary Points 

Why carry out this study?

Over the last decade, transcatheter aortic 
valve implantation (TAVI) has become widely 
used as an alternative to surgical aortic valve 
replacement (SAVR).

The current trends toward expanding the 
indication of TAVI to low‑risk and younger 
patients sheds light on the long‑term perfor‑
mance and durability of transcatheter heart 
valves  (THV).

There is paucity of data about 10‑year dura‑
bility and hemodynamic performance of 
THVs.

What has been learned from the study?

The current study reported a low cumula‑
tive incidence rate of bioprosthetic valve 
failure and structural valve deterioration 
after implanting the first generation of the 
self‑expanding CoreValve system, as well 
as durable valve performance up to 10‑year 
follow‑up.

Establishment of THV durability is needed 
before expanding the indication of TAVI to 
younger and low‑surgical‑risk patients with 
severe aortic valve stenosis.

INTRODUCTION

Over the last decade, transcatheter aortic valve 
implantation (TAVI) has become an established 
alternative to surgical aortic valve replacement 
(SAVR) for patients with severe symptomatic aor‑
tic stenosis who are at a prohibitive or high risk 
for cardiac surgery [1, 2]. More recent trials have 
even highlighted the role of TAVI as a valuable 
alternative to surgery in intermediate [3] and 
low‑surgical‑risk patients [4, 5].

Expanding the indication of TAVI for younger 
and low‑risk patients necessitates the establish‑
ment of the long‑term durability of different 
TAVI prosthetic valves. Although reassuring 
signals suggest that the self‑expanding Cor‑
eValve (Medtronic, Minneapolis, MN, USA) 
demonstrated relatively low rates of early struc‑
tural valve deterioration (SVD) [6–8], definitive 
documentation of long‑term durability is yet to 
be established [9]. Based on the long experience 
with surgical biological valves, increasing rates 
of valve degeneration may appear after a long 
initial period of good function [10, 11].

Our aim in the current study is to explore the 
durability and clinical outcomes up to 10 years 
after TAVI with the first‑generation CoreValve 
system.

METHODS

Study Population and Study Outlines

Since September 2007, all patients  under‑
went TAVI procedures at the Heart Centre, Sege‑
berger Kliniken, Bad Segeberg, Germany, have 
been included in a prospective registry (Post‑
TAVI registry: NCT03192774) that is approved 
by the local ethics committee (Ärztekammer 
Schleswig–Holstein) and conforms to the Dec‑
laration of Helsinki. All patients included in this 
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study have provided written consent for enroll‑
ment and for systematic follow‑up.

Out of 302 patients who received the Core‑
Valve transcatheter heart valves (THV) between 
September 2007 and February 2015, 267 patients 
had a complete follow‑up (88.4%) and have been 
included in the present analysis. For descriptive 
purposes, the total cohort was divided into two 
groups: (a) survivors at 10 years (n = 17 patients) 
and (b) non‑survivors, who died before complet‑
ing 10 years after valve implantation (n = 250 
patients).

Clinical and echocardiographic follow‑up 
was routinely performed post‑TAVI before dis‑
charge,  at 6 months, and at 1, 2, and 5 years. 
Additionally, for the sake of the present analysis, 
all patients surviving beyond 5 years after TAVI 
were approached and personally interviewed (at 
the institution or through home visits) for clini‑
cal and echocardiographic examinations.

Clinical data, quality of life, and medical his‑
tory were collected using standardized forms 
and stored at the Centre for Clinical Research of 
the Heart Centre, Bad Segeberg, through a secure 
server in accordance with good clinical practice 
guidelines. Clinical and echocardiographic fol‑
low‑up was completed either through an out‑
patient visit or—in the case of impaired patient 
mobility—a home visit.

Study Endpoints

The main objectives of the study were to evalu‑
ate the 10‑year hemodynamic performance (as 
assessed by echocardiography) and bioprosthetic 
valve failure (BVF) including structural valve 
deterioration (SVD) according to the endpoint 
definitions proposed by the Valve Academic 
Research Consortium 3 (VARC 3) [12].

According to these definitions, biopros‑
thetic valve dysfunction (BVD) can be due to 
SVD, non‑SVD, endocarditis, or valve thrombo‑
sis, and may be associated with no, moderate, 
or severe hemodynamic valve deterioration. 
Severe hemodynamic deterioration is defined 
as (a) an increase in mean transvalvular gradi‑
ent ≥ 20 mmHg to ≥ 30 mmHg with a concomi‑
tant decrease in effective orifice area (EOA) com‑
pared with the early post‑TAVI measurements, 

OR (b) new occurrence, or increase of ≥ 2 grades 
of intraprosthetic aortic regurgitation (AR) 
resulting in severe AR.

BVF was defined as any of the following: (i) 
BVD leading to death; (ii) BVD leading to aortic 
valve re‑intervention (i.e., TAVI‑in‑TAVI, para‑
valvular leak closure, or SAVR); or (iii) BVD lead‑
ing to severe hemodynamic deterioration.

Echocardiographic Analysis

All follow‑up echocardiographic image quality 
was ensured according to a detailed acquisition 
protocol. Image interpretation was based on a 
detailed analysis protocol according to current 
guidelines and standardized VARC‑3 endpoint 
definitions [12].

Evaluation of THV performance included 
serial assessments of aortic valve (AV) leaflet 
morphology, mobility, peak velocity, AV peak 
gradient, AV mean gradient, aortic valve area 
(AVA), peak velocity in the left ventricular out‑
flow tract (LVOT), and time velocity integrals 
(TVI). Color and spectral Doppler echocardiog‑
raphy were used to assess severity and origin of 
AR.

Statistical Analysis

Categorical variables are summarized as fre‑
quencies and percentages, while continuous 
variables are presented as mean ± SD or median 
[25th–75th quartiles], depending on distribu‑
tion. Inter‑group comparisons were conducted 
using Student’s t or Mann–Whitney U test for 
continuous variables, and by chi‑square or Fis‑
cher’s exact test for categorical variables. The 
Kruskal–Wallis H test was used to compare serial 
echocardiographic data. Survival curves were 
constructed using the Kaplan–Meier method 
to assess the cumulative rates of all‑cause and 
cardiac mortality. Data analysis was performed 
using SPSS V.24.0 (IBM Corp., Armonk, NY, 
USA). Freedom from BVF and SVD were assessed 
with the Kaplan–Meier method (actuarial anal‑
ysis) and the cumulative incidence method 
(actual analysis) adjusted for the competing 
risk of all‑cause mortality. This analysis was per‑
formed using STATA 17 software.
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RESULTS

Patients and Procedural Characteristics

At the time of TAVI, the mean patient age was 
80.4 ± 7.0 years, and 55.8% were female. The 
mean Society of Thoracic Surgeons (STS) score 
was 6.1 ± 5.2%, and 21.9% were classified as high 
risk, 37.4% as intermediate, and 40.7% as low 
surgical risk. TAVI was performed mostly via 
trans‑femoral access (97.8%). The Medtronic 

CoreValve was used in all cases, most often using 
valve size of 29 mm (59.4%) or 26 mm (34.6%). 
Further baseline and procedural characteristics 
are listed in Tables 1 and 2.

At 10 years post‑TAVI, 17 patients were still 
alive while 250 had died. Patients who died 
before completing the follow‑up showed a trend 
toward higher baseline pro‑BNP levels (2376 
[1001–6087] vs. 2598 [296–3175]; p = 0.080) 
and smaller aortic valve area (0.69 ± 0.26 vs. 
0.86 ± 0.45; p = 0.016). Tables 1 and 2 summa‑
rize the comparison of baseline and procedural 

Table 1  Baseline characteristics

Data presented as mean ± standard deviation or number and percentage
BMI body mass index, CABG coronary artery bypass graft, CAD coronary artery disease, COPD chronic obstructive pulmo-
nary disease, DM diabetes mellitus, HTN hypertension, MI myocardial infarction, PCI percutaneous coronary intervention, 
PVD peripheral vascular disease, STS Society of Thoracic Surgeons

Variable All patients (n = 267) Alive at 10 years (n = 17) Died (n = 250) P value

Age (years) 80.41 ± 7.01 78.23 ± 5.6 80.54 ± 7.2 0.197

Sex 0.076

 Male 118 (44.2%) 4 (23.5%) 114 (45.6%)

 Female 149 (55.8%) 13 (76.5%) 136 (54.4%)

DM 67 (25.1%) 3 (17.6%) 64 (25.6%) 0.464

HTN 232 (86.9%) 15 (88.2%) 217 (86.8%) 0.865

Hyperlipidemia 157 (58.8%) 13 (76.5%) 144 (57.6%) 0.126

CAD 185 (69.3%) 12 (70.6%) 173 (69.2%) 0.904

 ≥ Two CAD 128 (47.9%) 8 (37%) 120 (48%) 0.981

Complete revasc. before TAVI 95 (35.6%) 7 (41.2%) 88 (35.2%) 0.618

Previous MI 53 (19.9%) 3 (17.6%) 50 (20%) 0.814

PCI on admission 106 (39.7%) 8 (47.1%) 98 (39.2%) 0.522

Previous PCI 146 (54.7%) 8 (47.1%) 138 (55.2%) 0.514

Previous CABG 45 (16.9%) 5 (29.4%) 40 (16%) 0.153

Previous stroke 26 (9.7%) 2 (11.8%) 24 (9.6%) 0.771

PVD 49 (18.4%) 4 (23.5%) 45 (18%) 0.569

COPD 42 (15.7%) 2 (11.8%) 40 (16%) 0.643

pro-BNP 2326 [843–5795] 2598 [296–3175] 2376 [1001–6087] 0.080

STS score (%) 6.13 ± 5.23 3.96 ± 1.39 5.90 ± 4.57 0.154
EuroSCORE II (%) 8.52 ± 5.47 6.29 ± 4.01 8.53 ± 6.12 0.551
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characteristics of survivors and non‑survivors up 
to 10 years.

Table 3 summarizes the 30‑day post‑proce‑
dural outcome, and we observed more acute 
kidney injury post‑TAVI in the group who died 
before completing the 10 years (0 [0.0] vs. 52 
[20.8%]; p = 0.036), and more post‑TAVI AR > II 
(14 [5.8%] vs. 0 [0.0%]; p = 0.043). The tem‑
poral trend in the incidence of 30‑day com‑
plications post‑TAVI through four time inter‑
vals (2007/2008, 2009/2010, 2011/2012, and 
2013–2015) revealed that all‑cause mortality, 
cardiac mortality, and permanent pacemaker 
rates did not differ significantly among the dif‑
ferent time intervals (p = 0.783, p = 0.418, and 

p = 0.630, respectively), while life‑threatening 
bleeding and major vascular complications 
declined remarkably at the last interval from 
2013 to 2015 (p = 0.020 and p = 0.008, respec‑
tively) (Supplementary Figure S1, see supple‑
mentary material).

Clinical follow‑up was available in 99.3%, 
98.6%, 96.7%, and 88.4% of our patients at 3, 
5, 7, and 10 years, respectively. The cumulative 
rates of all‑cause mortality at 3, 5, 7, and 10 
years were 23.7%, 40%, 65.8%, and 89.8%, while 
corresponding rates of cardiac mortality were 
13.1%, 24.5%, 35.5%, and 49.5%, respectively 
(Supplementary Figure S2, see supplementary 
material). Supplementary Table S1 summarizes 

Table 2  Procedural characteristics

Data presented as mean ± standard deviation or number and percentage
AVA aortic valve area, LV-EF left ventricular ejection fraction, MR mitral regurgitation, PAP pulmonary artery pressure, 
PASP pulmonary artery systolic pressure

Variable All patients (n = 267) Alive at 10 years 
(n = 17)

Died (n = 250) P value

AVA 0.71 ± 0.28 0.86 ± 0.45 0.69 ± 0.26 0.016

Peak gradient 70.34 ± 27.42 79.53 ± 33.87 69.74 ± 26.73 0.152

Mean gradient 45.19 ± 16.47 51.76 ± 23.20 44.76 ± 15.88 0.237

LV-EF 48.60 ± 14.68 53.88 ± 12.62 48.53 ± 14.75 0.145

PASP (invasive) 47.26 ± 18.34 53.53 ± 13.08 47.17 ± 18.49 0.165

PAP mean (invasive) 41.03 ± 22.60 38.18 ± 16.39 41.24 ± 22.98 0.479

MR > II 18 (6.8%) 0 (0.0%) 18 (7.2%) 0.842

Access 0.812

 Femoral 261 (97.8%) 17 (100%) 244 (97.6%)

 Trans-subclavian 3 (1.1%) 0 (0.0%) 3 (1.2%)

 Transaortic 3 (1.1%) 0 (0.0%) 3 (1.2%)

 Valve size 0.806

 23 mm 3 (1.1%) 0 (0.0%) 3 (1.2%)

 26 mm 92 (34.6%) 5 (29.4%) 87 (34.9%)

 29 mm 158 (59.4%) 12 (70.6%) 146 (58.6%)

 31 mm 12 (4.5%) 0 (0.0%) 12 (4.8%)

Valve-in-valve 25 (9.4%) 1 (5.9%) 24 (9.6%) 0.611
Post-dilatation 105 (39.3%) 3 (17.6%) 102 (40.8%) 0.175
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univariable and multivariable predictors of all‑
cause mortality.

Longitudinal Echocardiographic Data

Transthoracic echocardiography before dis‑
charge and at 5‑, 7‑, and 10‑year follow‑up 
revealed AVA of 1.94, 1.87, 1.69, and 1.98  cm2, 
respectively (p = 0.236) (Fig. 1a). Mean and peak 
transvalvular gradient before discharge and at 
5‑, 7‑, and 10‑year follow‑up were nearly the 
same (8.3, 9.0, 8.2, and 10.1 mmHg; p = 0.796; 
and 15.05, 15.5, 14.6, and 17.6 mmHg; p = 0.493, 
respectively) (Fig. 1b). The corresponding rates 
of mild and ≥  ARIII were 47.9%, 45.5%, 46.3%, 
and 50% and 0.0%, 1.5%, 4.9%, and 10% 
(p = 0.090), respectively (Supplementary Figure 
S3, see supplementary material).

Bioprosthetic Valve Dysfunction, Structural 
Valve Deterioration, and Bioprosthetic Valve 
Failure

From the total cohort, 30 patients developed 
BVD, including 11 patients with SVD, 14 with 
non‑SVD, three with infective endocarditis, and 

two with valve thrombosis (Supplementary Fig‑
ure S4, see supplementary material).

Among those with documented SVD, two 
patients developed moderate aortic valve ste‑
nosis, three had mild and moderate transval‑
vular aortic insufficiency, and six developed 
severe SVD. Among those with severe SVD, 
three patients developed severe bioprosthetic 
valve stenosis at 72, 104, and 120  months, 
and the first patient was treated with TAVI‑in‑
TAVI, while the latter two died suddenly. Two 
patients developed severe transvalvular AR: one 
at 64 months, treated with TAVI‑in‑TAVI; and 
one at 120 months, treated conservatively. One 
patient had, at 61 months, combined severe 
stenosis and insufficiency and was managed 
with TAVI‑in‑TAVI. The actual rate of freedom 
from SVD (using the cumulative incidence func‑
tion) was 99.8%, 98.9%, 98.8%, 98.8%, 98.5%, 
and 97.9% at 5, 6, 7, 8, 9, and 10 years, respec‑
tively. The corresponding actuarial rates (using 
the Kaplan–Meier method) were 99.2%, 97.6%, 
97.6%, 97.6%, 94.6%, and 80.9%%, respectively 
(Fig. 2a).

Non‑structural valve dysfunction was docu‑
mented in 14 patients: four with mild paraval‑
vular leakage (PVL), seven with moderate PVL, 

Table 3  30-Day outcome post-TAVI

Data presented as number and percentage
AR aortic regurgitation, MI myocardial infarction, TIA transient ischemic attack, TAVI transcatheter aortic valve implanta-
tion

Variable All patients (n = 267) Alive at 10 years 
(n = 17)

Died (n = 250) P value

All-cause death 18 (6.7%) 0 (0.0%) 18 (7.2%) 0.252

Cardiovascular death 15 (5.6%) 0 (0.0%) 15 (6.0%) 0.561

Periprocedural MI 3 (1.1%) 0 (0.0%) 3 (1.2%) 0.871

Stroke 17 (6.4%) 0 (0.0%) 17 (6.8%) 0.519

Life-threatening bleeding 26 (9.7%) 0 (0.0%) 26 (10.4%) 0.360

Major bleeding 51 (19.1%) 1 (5.9%) 50 (20%) 0.342

Major vascular complication 25 (9.4%) 0 (0.0%) 25 (10.0%) 0.376

Acute kidney injury 52 (19.5%) 0 (0.0) 52 (20.8%) 0.036

AR > II post-TAVI 14 (5.2%) 0 (0.0%) 14 (5.8%) 0.043
Permanent pacemaker 72 (27.0%) 8 (47.1%) 64 (25.6%) 0.054
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Fig. 1  Mean aortic valve area, and peak and mean pressure 
gradient at 10-year follow-up. Linear chart shows the mean 
aortic valve area (a) and peak/mean pressure gradient (b) 
at baseline, post-index procedure, and at follow-up, which 

demonstrated a nonsignificant difference between post-
procedural and during follow-up. N number at risk, TAVI 
transcatheter aortic valve implantation

Fig. 2  Freedom from BVF and SVD after CoreValve 
implantation. Cumulative freedom from a SVD and b BVF 
according to the Kaplan–Meier estimate (blue line; actuar-
ial analysis, 80.9% and 78.8% at 10 years, respectively) and 
adjusted for the competing risk of all-cause mortality (red 
line; actual analysis, 97.9% and 96.1% at 10 years, respec-

tively). The pink and blue areas indicate the 95% confi-
dence interval. CI confidence interval, KM Kaplan–Meier 
curves, SVD structural valve deterioration, TAVI transcath-
eter aortic valve implantation, BVF bioprosthetic valve fail-
ure
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and three patients with severe PVL documented 
at 9, 54, and 75 months); all severe PVL were 
treated with TAVI‑in‑TAVI. BVD due to infective 
endocarditis was diagnosed in three patients, 
while valve thrombosis without hemodynamic 
significance was diagnosed in two patients.

Eleven patients had evidence of BVF. Six 
patients developed hemodynamically severe 
SVD, three had significant non‑SVD, and two 
had infective endocarditis. Actual rates of free‑
dom from BVF were 98.6%, 97.9%, 97.2%, 
97.1%, 96.8%; and 96.1% at 5, 6, 7, 8, 9; and 10 
years, respectively. The corresponding actuarial 
rates were 97.6%, 95.9%, 95% 94.9%, 91.1%; 
and 78.8%, respectively (Fig. 2b).

DISCUSSION

The main findings of the present 10‑year follow‑
up after TAVI with the self‑expanding CoreValve 
system are a low actual rate of bioprosthetic 
valve failure and structural valve deterioration, 
as well as a signal of durable valve hemodynamic 
performance.

TAVI has developed rapidly and has become 
the standard treatment in elderly patients with 
severe symptomatic aortic valve stenosis who 
are at high or prohibitive risk for surgery [13]. 
The universal trend toward expanding TAVI to 
low‑surgical‑risk and relatively younger patients 
raised concerns and questions about the dura‑
bility of THVs. As low‑surgical‑risk patients are 
mostly young with longer life expectancy as well 
as a higher risk for biological valve degenera‑
tion, the issue of durability is most important 
before deciding to implant THV in those groups 
of patients [14]. In this study, patients who 
underwent TAVI with a CoreValve system were 
followed up to 10 years in order to evaluate the 
durability of this system.

Bioprosthetic Valve Failure and Structural 
Valve Deterioration

Experience with early‑generation surgical bio‑
prosthetic valves showed that SVD commonly 
begins 8 years after implantation, with a greatly 
increased rate of SVD after 10 years [15, 16]. 

Studies on the performance of surgical valves 
during the first decade following valve implan‑
tation have reported rates of freedom from 
SVD at 10 years > 85% [17–19]. Currently, long‑
term outcomes with second‑generation porcine 
Hancock II valve (Medtronic) documented sur‑
vival rates without SVD at 10, 15, and 20 years 
of 95%, 75%, and 49%, respectively [20]. The 
present study evaluated the early‑generation 
transcatheter self‑expanding CoreValve system 
and showed an actual survival rate without BVF 
and SVD at 10 years of 96.1% and 97.9% (actual 
rate), respectively.

As TAVI has only been widely available since 
2007, data concerning long‑term durability are 
limited [9]. A large FRANCE‑2 registry, which 
included 4201 patients after THV implantation, 
reported a cumulative rate of severe and moder‑
ate SVD at 5‑year follow‑up of 2.5% and 13.3%, 
respectively [21]. Another study which included 
only patients who underwent TAVI with the 
CoreValve system reported a 5‑year rate of SVD 
of 1.4% [6]. Our study reported a lower actuarial 
rate of SVD at 5 and 6 years compared with the 
previously mentioned studies, with rates of 0.8% 
and 2.4%, respectively.

The incidence of SVD 5 to 10  years post‑
TAVI was described in the UK TAVI registry, 
where severe SVD occurred in 0.4% at a mean 
of 5.3 years after implantation, while moder‑
ate SVD was reported in 8.7% of patients [22]. 
Sathananthan et al. performed a 10‑year follow‑
up in high‑risk patients who were treated during 
the early experience of TAVI and found that the 
rate of SVD at 4, 6, 8, and 10 years was 0.4%, 
1.7%, 4.7%, and 6.5%, respectively [23]. Com‑
pared with the previously mentioned studies 
(which used the cumulative incidence to assess 
the SVD), the present study observed a lower 
actual rate of SVD and BVF at 10 years of 2.1% 
and 3.9%, respectively. This difference could be 
attributed to the implantation of different THV, 
as a balloon‑expandable valve was implanted in 
98.3% of patients in the previous study.

The NOTION (Nordic Aortic Valve Inter‑
vention) trial is the first to compare only low‑ 
risk patients with severe AS who were treated 
with TAVI using first‑ and second‑generation 
CoreValve systems versus surgical aortic valve 
replacement [24]. NOTION reported a low 
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10‑year cumulative incidence of severe SVD of 
1.5%, and a 10‑year cumulative incidence of BVF 
of 9.7% [24]. Our study reported an actual rate 
of severe SVD at 10 years of 2.1% and BVF of 
3.2%. We observed a higher rate of severe SVD 
than that reported in the NOTION trial but a 
lower BVF rate. We included nearly double the 
number of patients, which may explain the 
higher rate of severe SVD in our analysis. The 
higher rate of BVF reported in the NOTION trial 
was mainly driven by the higher valve‑related 
death (5%) than in ours. Despite the high all‑
cause mortality in our study, we reported only 
three valve‑related deaths. The NOTION trial 
enrolled low‑risk patients, in contrast to our 
study, which included 59.3% of patients with 
intermediate and high surgical risk.

These findings together raise the question 
of whether the continuous improvement of 
newer‑generation valves leads to a lower rate of 
degeneration and failure. In the PARTNER 2A 
trial, the rate of SVD with the older‑generation 
SAPIEN XT was high (9.5%), but with the newer‑
generation SAPIEN 3, the 4‑year SVD was only 
2.5% [9]. It is also recognized that differences in 
durability exist between different bioprosthetic 
surgical aortic valve designs and generations 
[16–19]. As newer generations of THV have anti‑
calcification treatment of leaflets, improvement 
in leaflets and frames, and the addition of a skirt 
at the lower part of most valves [9], we assume 
that the rate of SVD will continue to decline. 
However, more data are still needed to confirm 
these results, particularly in low‑risk patients.

Long‑term Valve Performance and Clinical 
Outcome

Our study reported a nonsignificant difference 
in transvalvular gradient and effective orifice 
area during the 10 years of follow‑up. Although 
these findings were similar to what was docu‑
mented by the NOTION trial and the study by 
Sathananthan et al., we should interpret these 
results with caution due to the high mortal‑
ity rate [23, 24]. The current analysis reported 
a high rate of mortality at 10 years (89.8%), 
which is not surprising because the cohort of our 
study consisted of a population in their 80s with 

a relatively limited further life expectancy and 
multiple comorbidities. We compared the base‑
line and periprocedural data between patients 
who were still alive at 10 years and who had 
died, and we found a trend toward higher pro‑
BNP, more severe aortic valve stenosis, and a 
higher rate of significant post‑TAVI AR among 
non‑survivors. The higher baseline peak pressure 
gradient, reduced LV EF, high baseline pro‑BNP, 
and SVD were predictors for all‑cause mortal‑
ity at univariable analysis, while only post‑TAVI 
acute kidney injury was the independent predic‑
tor of all‑cause mortality. It is notable that our 
data do not reflect the contemporary outcomes, 
as they came from early experience. Compar‑
ing the periprocedural complications among 
different time intervals revealed improved rates 
of life‑threatening bleeding and major vascu‑
lar complications. Despite the improvement 
in periprocedural complications, the mortality 
rates did not decline. These findings together 
indicate that the mortality in the study popula‑
tion was multifactorial and related to the multi‑
ple comorbidities.

Study Limitations

Although the follow‑up in the current study 
was 88.4%, the analysis is limited by the high 
mortality rates at 10 years in an elderly high‑
risk population. We tried to overcome this prob‑
lem by computing the cumulative incidence to 
compete for high all‑cause mortality. The main 
cohort of our study consisted of a population 
in their 80s with a relatively limited further life 
expectancy, so the results would be less useful 
in a younger population with lower procedural 
risk and fewer comorbidities. Additionally, the 
echocardiographic follow‑up was relatively 
limited, which might underestimate the inci‑
dence of SVD (echocardiography was available 
in 69.4%, 77.8%, and 82.4% of patients at 5, 7, 
and 10 years).

CONCLUSION

The current study presents a 10‑year follow‑
up of patients who underwent TAVI using the 
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early‑generation self‑expanding CoreValve sys‑
tem. We documented a durable hemodynamic 
performance and low rates of bioprosthetic 
valve failure and structural valve deterioration 
up to 10 years after TAVI. The present study pro‑
vides insights into the long‑term durability and 
performance of an early experience with self‑
expanding THV.
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