
P E R S P E C T I V E S

The opinions expressed in this article are not necessarily those of the Editors of EuroIntervention or 
of the European Association of Percutaneous Cardiovascular Interventions.

846

EuroIntervention 2
0
1
9

;1
5

:8
4

6
-8

4
9  

D
O

I: 10
.4

2
4

4
/E

IJV1
5

I10
A

16
0

© Europa Digital & Publishing 2019. All rights reserved.

*Corresponding author: Division of Cardiology, A.O.U. “Policlinico-Vittorio Emanuele”, P.O. Rodolico, Ed. 8, Via Santa Sofia, 
78, 95123 Catania, Italy. E-mail: dcapodanno@gmail.com

Durability of transcatheter bioprosthetic aortic valves: the 
story so far

Davide Capodanno1*, MD, PhD; Lars Søndergaard2, MD; Corrado Tamburino1, MD, PhD

1. Division of Cardiology, A.O.U. “Policlinico-Vittorio Emanuele”, University of Catania, Catania, Italy; 
2. Department of Cardiology, The Heart Center, Rigshospitalet, Copenhagen University Hospital, Copenhagen, 
Denmark

The recent successes of transcatheter aortic valve implantation 
(TAVI) are obvious1,2, but one important question remains: how 
long does a transcatheter heart valve (THV) last3? The answer to 
this question has a different meaning according to whether the 
patient who asks it is 85 (e.g., Adam), 75 (e.g., Bill) or 65 years 
old (e.g., Chris). Adam has other things to think about and whether 
the valve lasts 10 or 15 years doesn’t make much difference to 
him. Bill is rightly more interested in the topic, but feels reassured 
by the notion that in case of THV failure he will have the opportu-
nity to undergo a new procedure4. Chris was denied TAVI because 
he is too young: the doctor said that he cannot think of having 
a TAVI every 10 years for the rest of his life. He really wanted to 
undergo the procedure and avoid a sternotomy, but the unknowns 
of THV durability brought him back down to earth. Most physi-
cians would agree that the valve durability-life expectancy ratio is 
becoming a key driver in the selection of TAVI candidates5.

There are essentially two mechanisms of valve dysfunction, 
structural and non-structural6. Structural mechanisms include 

leaflet calcification, leaflet tear, valve seam disruption and stent 
fracture. Non-structural mechanisms include leaflet thrombosis 
and endocarditis (which are potentially reversible), paravalvular 
leakage, and patient-prosthesis mismatch. Non-structural dete-
rioration may result in structural deterioration through mecha-
nisms of leaflet mechanical stress, abnormal flow patterns and 
inflammation6. A practical classification from the Valve-in-Valve 
International Data (VIVID) collaboration illustrates structural 
valve deterioration (SVD) as a continuum, moving from mor-
phological leaflet abnormalities with no significant changes in 
haemodynamic function (stage 1) to moderate (stage 2) or severe 
SVD (stage 3) with apparent haemodynamic dysfunction as 
detected by echocardiography7. In 2017, a consensus document 
from the European Association of Percutaneous Cardiovascular 
Interventions (EAPCI) endorsed by the European Society of 
Cardiology (ESC) and the European Association for Cardio-
Thoracic Surgery (EACTS) was published, providing standardised 
definitions of SVD and bioprosthetic valve failure (BVF) for trials 
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of TAVI and surgical aortic valve replacement (SAVR)8. SVD, as 
an endpoint, encapsulates the perspective of physicians and manu-
facturers, addressing the crucial question mentioned at the begin-
ning: “how long will this valve last?”. BVF (the composite of 
valve-related death, re-hospitalisation and severe SVD) encapsu-
lates the perspective of patients, who are more interested in the 
impact of valve dysfunction on their quality of life and prognosis. 
According to the EAPCI/ESC/EACTS consensus document, both 
valve-oriented and patient-oriented endpoints should be consid-
ered in the reporting of outcome data after TAVI or SAVR8.

The EAPCI/ESC/EACTS definition has already been embraced 
by several TAVI studies, enabling meaningful cross-study com-
parisons (Figure 1)9–17. As expected, new definitions bring new 
criticisms in a constructive spirit18–20. A first argument concerns 
the echocardiographic metrics used to define SVD. The EAPCI/
ESC/EACTS definition privileges flow-dependent cut-offs of 
mean transvalvular gradient, and excludes other flow-independ-
ent parameters calculated from left ventricular outflow tract and 
aortic measurements (e.g., effective orifice area, Doppler veloc-
ity index)8. These latter would be useful to refine the diagnosis20, 
but also impact on simplicity and practicality. A second argument 
concerns the definition of moderate SVD as “a mean gradient of 
20-40 mmHg, or 10-20 mmHg change from baseline, or moderate 
aortic regurgitation”. Some authors argue that a relative change of 
10-20 mmHg from baseline is necessary to make a diagnosis of 
moderate SVD (e.g., rather than being an alternative to detection 
of absolute gradients)18,19. The argument behind this observation 
is the chance to label patient-prosthesis mismatch (e.g., a mean 
transvalvular gradient of 19 mmHg immediately after SAVR) as 
moderate SVD if the mean gradient even slightly increases (e.g., 
+2 from baseline) at an early follow-up after aortic replacement19. 
Semantically, many would agree that this is not a true deteriora-
tion, which may call for a separate terminology and/or separation 
of patient-prosthesis mismatch from the more inclusive definition 
of moderate SVD. However, the EAPCI/ESC/EACTS consensus 

decided to capture and highlight patient-prosthesis mismatch 
among the reasons for haemodynamic valve dysfunction, because 
of its established link with the durability of biological valves21. 
Interestingly, some reactions to the EAPCI/ESC/EACTS defini-
tions came after the observation that moderate SVD is consist-
ently less with TAVI due to higher incidences of patient-prosthesis 
mismatch after SAVR14,16. This finding becomes apparent when 
components of the moderate SVD definition are stratified, which 
is a practice encouraged in reporting (Figure 2). If anything, 
the EAPCI/ESC/EACTS definition purposely captures absolute 
and relative differences in haemodynamics between procedures. 
Indeed, the issue of patient-prosthesis mismatch is not negligible 
and post-procedural gradients should not be discounted, as they 
may impact on symptoms, progression to severe SVD, and dura-
bility. Finally, it should be noted that the definition of BVF con-
servatively incorporates severe SVD (e.g., rather than moderate 
or severe SVD), because the former is less dependent on patient-
prosthesis mismatch and more likely to correlate with patients’ 
symptoms and outcomes8.

In the studies that have so far applied the EAPCI/ESC/EACTS 
definition of severe SVD, the weighted incidence for THV at five 
to eight years was 1.3% (95% confidence interval 0.8%-1.9%), 
while in the studies reporting on BVF the weighted incidence 
at six to eight years was 4.6% (95% confidence interval 3.0%-
6.1%) (Figure 1)9–17. Should we expect THVs to deteriorate faster 
than their surgical counterparts? Theoretically, the answer is yes, 
because THV leaflets are thinner, subjected to higher stresses and 
strain, and require crimping6. In addition, THVs have more para-
valvular leakage and their duration has been predicated to be eight 
years shorter on average in tissue-fatigue models22. On the other 
hand, the answer is no, because THVs have less patient-prosthesis 
mismatch, larger mean areas post procedure and ample room for 
improvement in durability with the latest valve iterations as com-
pared with earlier models that have generated most data on durabil-
ity so far. Moreover, current data show that THVs perform at least 
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Figure 1. Studies of long-term durability of TAVI using the EAPCI/ESC/EACTS definitions of severe structural valve deterioration (SVD) and 
bioprosthetic valve failure (BVF).
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similarly to surgical bioprosthetic aortic valves at five to six years. 
In the two trials reporting on the comparison of TAVI and SAVR 
using the EAPCI/ESC/EACTS definition, a difference in moder-
ate SVD was noted in favour of TAVI, driven by a decrease both 
in patients with an absolute mean gradient of 20-40 mmHg and 
in patients with a relative change of 10-20 mmHg (Figure 2)14,16. 
However, no difference was noted in severe SVD and – where 
available – in the incidence of BVF14,16. Comparison of different 
THVs will probably dominate the next wave of TAVI trials23, gen-
erating the prospect of new head-to-head data on durability. The 
five-year outcomes of the CHOICE trial, currently unpublished, 
reported significant differences in moderate SVD with first-gen-
eration balloon-expandable valves compared with self-expanding 
valves (5.6% vs 0%, p=0.047), with no differences in severe SVD 
(presented by Abdel-Wahab et al at EuroPCR 2019, Paris). In 
moving forward, this is another aspect to follow strictly, because 
disparities in the way different valve engineering behaves in the 
long term are plausible.

The EAPCI/ESC/EACTS rates of SVD and BVF reported so 
far at eight years are reasonably low and reassuring for the time 
being. Because what matters most to the abovementioned patients 
like Bill or Chris is durability at 15 to 20 years, more years of 
follow-up are needed, and time will tell whether current concerns 
are well grounded or not. The competing risk of death renders the 
cohorts of the pivotal trials and registries of TAVI poorly suited for 
assessing durability, because few patients remain at risk at the time 
when assessing durability is meaningful. In this respect, assessing 

long-term durability is more informative when low-risk cohorts 
are considered8. This, again, requires patience and time for the data 
to be gathered and appraised. Time will tell, but so far, so good.

Conflict of interest statement
C. Tamburino has received consulting fees from Medtronic. The 
other authors have no conflicts of interest to declare.

References
1. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, 
Kapadia SR, Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P, 
Williams MR, McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, 
Genereux P, Pershad A, Pocock SJ, Alu MC, Webb JG, Smith CR; PARTNER 
3 Investigators. Transcatheter Aortic-Valve Replacement with a Balloon-
Expandable Valve in Low-Risk Patients. N Engl J Med. 2019;380:1695-705.
2. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, Bajwa T, 
Heiser JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin J, Chetcuti SJ, 
Adams DH, Teirstein PS, Zorn GL 3rd, Forrest JK, Tchétché D, Resar J, 
Walton A, Piazza N, Ramlawi B, Robinson N, Petrossian G, Gleason TG, 
Oh JK, Boulware MJ, Qiao H, Mugglin AS, Reardon MJ; Evolut Low Risk 
Trial Investigators. Transcatheter Aortic-Valve Replacement with a Self-
Expanding Valve in Low-Risk Patients. N Engl J Med. 2019;380:1706-15.
3. Eltchaninoff H, Durand E, Barbanti M, Abdel-Wahab M. TAVI and valve 
performance: update on definitions, durability, transcatheter heart valve failure 
modes and management. EuroIntervention. 2018;14:AB64-73.
4. Murdoch DJ, Webb JG, Ye J, Sathananthan J, Hensey M, Wood DA, 
Cheung A, Leipsic J, Blanke P, Lauck S. Transcatheter Aortic-Valve 
Replacement - 10 Years Later. N Engl J Med. 2019;380:1773-4.
5. Bagur R, Pibarot P, Otto CM. Importance of the valve durability-life expec-
tancy ratio in selection of a prosthetic aortic valve. Heart. 2017;103:1756-9.

Moderate SVD

9%

27%

<0.001

Mean gradient
≥20 mmHg to
<40 mmHg

5%

26%

<0.001

Change in mean
gradient ≥10 to

<20 mmHg

2%
5%

0.004

Moderate 
central AR

3% 1%

0.022

TAVI SAVR

n=391

CoreValve U.S. High Risk - 5 years
Moderate SVD

Moderate SVD

4%

24%

Mean gradient
≥20 mmHg to
<40 mmHg

3%

22%

Change in mean
gradient ≥10 to

<20 mmHg

1%

11%

Moderate 
central AR

0% 0%

n=139

NOTION - 6 years
Moderate SVD

Moderate SVD

1% 2%

Mean gradient
≥20 mmHg to
<40 mmHg

0% 1%

Change in mean
gradient ≥10 to

<20 mmHg

1% 1%

Moderate 
central AR

0% 0%

n=391

CoreValve U.S. High Risk - 5 years
Severe SVD

Moderate SVD

1% 3%

Mean gradient
≥20 mmHg to
<40 mmHg

0% 2%

Change in mean
gradient ≥10 to

<20 mmHg

1% 3%

Moderate 
central AR

0% 0%

n=139

NOTION - 6 years
Severe SVD

Figure 2. Long-term durability of TAVI versus SAVR in the CoreValve U.S. High Risk and NOTION trials by components of moderate and 
severe structural valve deterioration (SVD).
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