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Long-term durability after SAVR/TAVI
Treatment Year of 

pubblication
Number of 
patients

Types of 
prostheses

Rate of 
events

SAVR 2010-2015 19,913 4 types of 
prostheses

Freedom
from SVD at
20 years:
58-67%

TAVI 2012-2016 8,914 2 types of 
prostheses

Freedom
from SVD at
2.8-5 years:
100 – 94.4%



SVD in TAVI patients
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Valvular heart disease

(supplementary material), and seven studies with median length 

of follow-up ≥ 4 years versus four studies with <4 years (supple-

mentary material). An increasing proportion of patients on 

self-expandable valves showed an association with an increasing 

incidence of SVD (7.6 more cases of SVD per 10 000 more 

patients on self-expandable valves, 95% CI 0.4 to 14.8; p= 0.039) 

(supplemental material 4). Two studies that reported no antico-

agulation therapy at discharge in the majority of patients showed 

a higher incidence rate of SVD (126.50 per 10 000 patient years, 

95% CI 96.74 to 160.09) compared with studies that did not 

report on the use of anticoagulation (13.51 per 10 000 patient 

years, 95% CI 0.16 to 39.85) (association p= 0.01; figure 3). In 

a multivariable meta-regression including the aforementioned 

significant predictors, only the proportion of patients on self-ex-

pandable valves showed an independent association with an inci-

dence of SVD (6.4 more cases of SVD per 10 000 more patients 

on self-expandable valves, 95% CI 0.4 to 12.4; p= 0.0366).

Five studies (33 events) reported on the cause of SVD, and 

commonly found valve restenosis (19 events, 58%), followed 

by regurgitation (13 events, 39%) and mixed (one event, 3%). 

Seven studies reporting 25 events observed three (12%) patients 

to require valve re-intervention with transcatheter aortic valve-

in-valve implantation. Of these, two patients experienced severe 

symptomatic restenosis14 and one patient experienced aortic 

regurgitation.18

Publication bias
Visual inspection of the funnel plot showed no relationship 

between incidence rates and study standard error (supplemen-

tary material).

DISCUSSION
We found that few patients experienced SVD during the 5-year 

period after TAVI; indeed, the majority of studies reported no 

SVD at all. The pooled incidence rate was 28 per 10 000 patient 

years; in those that did experience SVD, 12% underwent valve 

re-intervention. We rated the quality of evidence as moderate 

due to inconsistency (one study reported an incidence of SVD of 

134 per 10 000 patient-years , which if true would mean a rate 

close to 7% at 5 years).

Strengths
We defined explicit eligibility criteria, conducted a comprehen-

sive search, reviewed eligibility and risk of bias of individual 

studies in duplicate using an established rating system, and 

Table 2 Quality of evidence

Number of 

studies

Quality assessment Effect

QualityStudy design Risk of bias Inconsistency Indirectness Imprecision

Other 

considerations

Rate

(95% CI)

Structural valve deterioration (follow-up: median 3.6 years; assessed with: Incidence per 10 000 patient years)

13 Observational Not serious Serious* Not serious Not serious None Event rate

28.08 (2.46 to 73.44) per 

10 000 person year(s)

≥ ≥ ≥ ≥

MODERATE

*High heterogeneity across studies.

Figure 2 Overall pooled estimate of structural valve deterioration incidence rate.
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SVD and Long-term Durability
After SAVR: Room for Confusion!

Survival

Valve-related survival

Freedom from SVD

Freedom from reoperation

Freedom free from reoperation for SVD

Freedom from / incidence of explant due to SVD

Bioprosthetic Valve Durability metrics in studies of SAVR



SVD and Long-term Durability
After SAVR: Room for Confusion!

SAVR series Prosthesis
Durability
outcomes

SVD definition

David et al (2010) Hancock II Undefined

Mohammadi et al (2012) Freestyle Echocardiographic (1)

Forcillo et al (2013) Carpentier-Edwards -

Senage et al (2014) Mitroflow Echocardiographic (2)

Bourguignon et al (2015) Carpentier-Edwards Echocardiographic (3)

Johnstone et al (2015) Carpentier-Edwards Undefined

Survival

Valve-related survival

Freedom from SVD

Freedom from reoperation

Freedom free from reoperation for SVD

Freedom from / incidence of explant due to SVD

Bioprosthetic Valve Durability metrics in studies of SAVR



Bioprosthetic Valve Dysfunction

Structural
Valve 

Deterioration

Nonstructural 
Valve 

Deterioration
Thrombosis Endocarditis

Intrinsic permanent 
changes of the 

prosthetic valve (i.e., 
calcification, leaflet 
fibrosis, tear or flail) 

leading to 
degeneration and/or 

dysfunction

Any abnormality not 
intrinsic to the prosthetic 
valve itself (i.e., intra- or 

para-prosthetic 
regurgitation, prosthesis 

malposition, patient-
prosthesis mismatch, late 
embolization) leading to 

degeneration and/or 
dysfunction

Thrombus 
development on any 

structure of the 
prosthetic valve, 

leading to dysfunction 
with or without 

thrombo-embolism

Infection involving any 
structure of the 
prosthetic valve, 

leading to perivalvular
abscess, dehiscence, 
pseudo-aneurysms,  

fistulae, vegetations, 
cusp rupture or 

perforation

The Durability Issue: Structural Valve 
Deterioration (SVD) and Its Sisters



Standardised Definitions of SVD and Valve Failure: A 
EAPCI/ESC/EACTS Consensus

Standardised Definitions of Structural Deterioration and Valve 
Failure in Assessing Long-Term Durability of Transcatheter and 

Surgical Aortic Bioprosthetic Valves

D. Capodanno, A. S. Petronio, B. Prendergast, H. Eltchaninoff, A. Vahanian, 
T. Modine, P. Lancellotti, L. Sondergaard, P. F. Ludman, C. Tamburino, 

N. Piazza, J. Hancock, J. Mehilli, R. A. Byrne, A. Baumbach, 
A. P. Kappetein, S. Windecker, J. Bax, M. Haude



Capodanno et al. Eur Heart J. 2017 [ePub ahead of print] doi:10.1093/eurheartj/ehx303
Capodanno et al. Eur J Cardiothorac Surg 2017 [ePub ahead of print] doi.org/10.1093/ejcts/ezx244
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Endpoints for Durability Studies of TAVI or 
SAVR Bioprostheses

Structural Valve 
Deterioration (SVD)

Bioprosthetic Valve 
Failure (BVF)

A valve-centered 
endpoint

A patient-centered 
endpoint



EAPCI/ESC/EACTS Definition of SVD

▶ Moderate
o Mean transprosthetic gradient ≥20 

mmHg and <40 mmHg
o Mean transprosthetic gradient ≥10 and 

<20 mmHg change from baseline
o Moderate intra-prosthetic AR, new or 

worsening (>1+/4+) from baseline 
▶ Severe 
o Mean transprosthetic gradient ≥40 

mmHg
o Mean transprosthetic gradient ≥20 

mmHg change from baseline 
o Severe intra-prosthetic AR, new or 

worsening (>2+/4+) from baseline 

Haemodynamic SVD
▶ Leaflet integrity abnormality (i.e. 

torn or flail causing intra-frame 
regurgitation)

▶ Leaflet structure abnormality (i.e. 
pathological thickening and/or 
calcification causing valvular stenosis 
or central regurgitation) 

▶ Leaflet function abnormality 
(impaired mobility resulting in 
stenosis and/or central regurgitation)

▶ Strut/frame abnormality (i.e. 
fracture) 

Morphologic SVD

Haemodynamic and morphological SVD
Capodanno et al. Eur Heart J. 2017 [ePub ahead of print] doi:10.1093/eurheartj/ehx303

Capodanno et al. Eur J Cardiothorac Surg 2017 [ePub ahead of print] doi.org/10.1093/ejcts/ezx244





Capodanno et al. Eur Heart J. 2017 [ePub ahead of print] doi:10.1093/eurheartj/ehx303
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▶ Autopsy findings of bioprosthetic 
valve dysfunction, likely related 
to the cause of death, or valve-
related death (i.e. any death 
caused by bioprosthetic valve 
dysfunction or sudden 
unexplained death following 
diagnosis of bioprosthetic valve 
dysfunction) 

▶ Repeat intervention following 
confirmed diagnosis of 
bioprosthetic valve dysfunction 
(i.e. valve-in-valve TAVI, 
paravalvular leak closure or SAVR) 

▶ Severe haemodynamic SVD 

Bioprosthetic Valve Failure 
(BVF)

TAVI or SAVR

Severe SVD at 30 days, 1 
year, yearly thereafter or at 
cardiac-related interim visits 

Yes

No

BVF

Repeat intervention for 
bioprosthetic valve 

dysfunction
Yes

No

BVF

Valve-related death or 
findings of bioprosthetic valve 
dysfunction at autopsy, likely 

related to death

Yes

No

BVF

Clinical success



How Do The New EAPCI/ESC/EACTS Definitions
Work in Practice?

5-Year SVD in the NOTION trial

Sondergaard L, EuroPCR 2017



Sondergaard L, EuroPCR 2017

5-Year BVF in the NOTION trial



EAPCI/ESC/EACTS Consensus Definitions: Key
Points

▶ There should be clear distinction between SVD (the principal 
aetiology) and BVF (the clinical correlate). 

▶ SVD causes irreversible dysfunction whereas other pathological 
causes of bioprosthetic valve dysfunction (i.e. thrombosis, 
endocarditis) are potentially reversible and should be identified 
and categorized separately. 

▶ Echocardiography including the measurement of transprosthetic
gradients should be performed within 30 days (preferably 30 days 
for surgery) after valve implantation (i.e. baseline imaging), at 1 
year after implantation and annually thereafter.

▶ Considerations on reporting of SVD and BVF based on longitudinal 
vs. time-dependent outcomes, competing risk and actual vs. 
actuarial analyses.



EAPCI/EORP TAVI DurabilityRegistry

European registry of TAVI patients treated >5 years
ago. 
The registry will focus on : 
• Prevalence of BVF at latest follow-up 
• Progression of SVD in patients treated at different

time intervals.
• Subset analysis and follow-up of younger

patients.
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