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Transcatheter Aortic
Valve Durability

Considering the contemporary clinical evidence on long-term TAV durability, a potential driver

of TAVR adoption in younger populations.

By Nicholas J. Montarello, MD; Lars Sendergaard, MD, DMSc; and Ole De Backer, MD, PhD

ranscatheter aortic valve replacement (TAVR)
has become the therapeutic standard of care
for patients with severe symptomatic aortic
stenosis (AS) across all surgical risk catego-
ries, and the use of TAVR has been expanding to
younger patients following the updated guidelines
for the management of valvular heart disease.*® The
European guidelines recommend that patients aged
> 75 years should receive TAVR rather than surgical
aortic valve replacement (SAVR), whereas the United
States guidelines are more liberal and recommend that
TAVR should be offered to patients aged > 65 years.
Whether TAVR use in younger and less comorbid
patients with a longer life expectancy is justified based
on the current TAVR pivotal trials is uncertain. This
article reviews the available clinical data relating to
long-term transcatheter aortic valve (TAV) durabil-
ity, which should be a main driver for the adoption of
TAVR in a younger patient population.

SURGICAL AORTIC VALVE DURABILITY:
GOLD STANDARD?

The adoption of new technologies and treatments
is often dependent on comparative performance and
outcome when measured against current accepted
best practice. Transcatheter valve durability is typically
compared to surgical bioprosthesis durability, read-
ily accepted as the “gold standard.” But should it be?
Current data assessing the long-term durability of surgi-
cal bioprosthesis indicate that structural valve deterio-
ration (SVD) occurs in 21% of patients at 15 years and
51% at 20 years.” Better results were reported in a large
cohort of > 12,000 patients treated with Carpentier-
Edwards (Edwards Lifesciences) surgical aortic biopros-

thesis, where the reoperation rate was 1.9% and 15%
at 10 and 20 years, respectively.® However, a systematic
review of 167 studies and 12 FDA reports concluded
that reporting bioprosthetic surgical valve durabil-

ity in the literature is characterized by such variable
definitions and inadequate long-term follow-up that

it makes the comparison between different valves dif-
ficult.? Notwithstanding, the FDA has recently issued a
specific warning regarding the durability of the Trifecta
valve (Abbott)."” Fundamentally, the incidence of SVD
in the surgical literature is very difficult to determine
because freedom from valve reintervention is a com-
monly used clinical endpoint for diagnosing SVD."
This underestimates its true incidence as reoperation
may not be offered to poor surgical candidates, echo-
cardiographic surveillance is often lacking in surgical
patients, and many patients may have died before there
is echocardiographic detection of SVD. Hence, surgical
valve durability, as currently determined and reported,
may not be the best benchmark comparator for TAV
durability. This also highlights the necessity of having

a standardized definition of valve durability, including
echocardiographic findings.

DEFINITION OF BIOPROSTHETIC VALVE
DURABILITY
Historical Definition

Bioprosthetic valve dysfunction (BVD) has histori-
cally been divided into SVD and non-SVD. SVD has been
defined as intrinsic degeneration or dysfunction of the
prosthetic valve, with the principal mediators including
leaflet calcification, leaflet tear, stent fracture, or stent
creep (manifested as inward bending of a stent post).
Non-SVD has been referred to as a secondary process
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TABLE 1. DEFINITIONS OF BIOPROSTHETIC VALVE DURABILITY

Bioprosthetic valve dysfunction classified into four categories

Structural valve deterioration (SVD)
- Moderate hemodynamic SVD
- Mean transprosthetic gradient > 20 mm Hg; or
- Increase in mean transprosthetic gradient > 10 mm Hg; or
Category 1 - Moderate intraprosthetic AR
- Severe hemodynamic SVD
- Mean transprosthetic gradient > 40 mm Hg; or
- Increase in mean transprosthetic gradient > 20 mm Hg; or
- Severe intraprosthetic AR

Nonstructural valve deterioration

- Moderate PPM
Category 2 - iEOA < 0.85 cm?/m? (> 3 mo after procedure)
- Severe PPM

- iEOA < 0.65 cm?*/m? (> 3 mo after procedure)

Bioprosthetic valve thrombosis

CHCEE e - Thrombus on any prosthesis structure leading to dysfunction

Infective endocarditis

ety - Diagnosed according to modified Duke criteria

Bioprosthetic valve failure defined as one of the following three criteria

- Valve-related death; or
- Severe hemodynamic SVD; or
- Repeat intervention after diagnosis of bioprosthetic valve dysfunction

Stage1 Early morphologic changes without hemodynamic changes

Hemodynamic changes (assessed 1to 3 months after procedure)

- Increase in mean gradient > 10 mm Hg resulting in mean gradient > 20 mm Hg with
concomitant decrease in EOA > 0.3 cm? or > 25% and/or decrease in Doppler velocity
index > 0.1 or > 20%

Intraprosthetic regurgitation
- New occurrence or increase of > 1regurgitant grade(s) resulting in > moderate AR

Stage 2

Hemodynamic changes (assessed 1-3 mo after procedure)

- Increase in mean gradient > 20 mm Hg resulting in mean gradient > 30 mm Hg with
concomitant decrease in EOA > 0.3 cm? or > 25%, and/or decrease in Doppler velocity
index > 0.1 or > 20%

Intraprosthetic regurgitation
- New occurrence or increase of > 2 regurgitant grades resulting in severe AR

Stage 3

Abbreviations: AR, aortic regurgitation; EACTS, European Association for Cardio-Thoracic Surgery; EAPCI, European Association of Percutaneous Cardiovascular
Interventions; EOA, effective orifice area; ESC, European Society of Cardiology; iEOA, indexed effective orifice area; PPM, prosthesis-patient mismatch; VARC,
Valve Academic Research Consortium.

that involves the valve, such as prosthesis-patient mis- New Standardized Definition
match, paravalvular regurgitation, pannus in-growth, leaf- The first standardized definition of bioprosthetic
let thrombosis, or endocarditis. valve durability was provided in 2017 based on the

VOL.17, NO. 2 MARCH/APRIL 2023 CARDIAC INTERVENTIONS TODAY 51



OPTIMIZING THV

DURABILITY

consensus statement from the European Association
of Percutaneous Cardiovascular Interventions (EAPCI),
European Society of Cardiology (ESC), and European
Association for Cardio-Thoracic Surgery (EACTS)."
Here, valve durability was divided into BVD and bio-
prosthetic valve failure (BVF). In 2021, Valve Academic
Research Consortium (VARC)-3 published an alterna-
tive definition of bioprosthetic valve durability that
required permanent morphologic change of the bio-
prosthesis to be identified in addition to hemodynamic
changes before SVD could be diagnosed (Table 1).13™
Not surprisingly, given the relatively recent stan-
dardized definition of valve durability, long-term data
regarding BVD are still discordant and are nearly only
available for first-generation devices due to the shorter
follow-up available for latest-generation devices.

TAV DURABILITY: 5-YEAR FREEDOM FROM
SVD

In the past few years, the results of several TAVR
pivotal trials and registries evaluating medium-term
TAV durability have been published. Randomized trials
include PARTNER, CoreValve US Pivotal, SURTAVI, and
NOTION.

The PARTNER | trial showed no evidence of signifi-
cant SVD at 5-year follow-up.”™'® The PARTNER IA
substudy reported similar echocardiographic valve per-
formance for transcatheter and surgical aortic valves,
with a mean transvalvular gradient of 10.7 mm Hg and
10.6 mm Hg and an aortic valve area of 1.6 cm? and
1.5 cm?, respectively.”™'” This attested to the satisfac-
tory hemodynamic profile of TAVs at up to 5 years of
follow-up; however, more-than-mild paravalvular regur-
gitation, which is not included in the SVD definition,
was more common in the TAVR group.

More recently, pooled data from the CoreValve US High
Risk Pivotal™ and SURTAVI“ randomized trials showed
a significantly lower rate of BVD with TAVR using a self-
expanding TAV (CoreValve and Evolut R, Medtronic)
compared with SAVR through 5 years (7.8% vs 14.2%;
hazard ratio [HR], 0.50; P < .001)." This was driven by a
reduced 5-year incidence of SVD of 2.2% in the TAVR
cohort versus 4.4% in the SAVR cohort (HR, 0.46; P < .004)
and a reduced incidence of severe prosthesis-patient
mismatch of 3.7% in TAVR patients compared to 11.8%
in SAVR patients (HR, 0.29; P < .001). Of clinical impor-
tance, the diagnosis of BVD across the different treatment
modalities imparted a 1.5-fold higher risk for all-cause
mortality, cardiovascular mortality, and hospitalization due
to valvular disease or worsening heart failure at 5 years.

In the NOTION trial, three North European centers
randomized 280 patients to TAVR with CoreValve or

SAVR.?° The mean age was 79 years, and the mean
Society of Thoracic Surgeons predicted risk of mortality
score was 3%, indicative of a low-risk patient cohort. At
5 years, the TAVR cohort had a larger prosthetic valve
effective orifice area (EOA; 1.7 cm? vs 1.2 cm% P < .01)
with a corresponding lower mean transprosthetic gradi-
ent (8.2 mm Hg vs 13.7 mm Hg; P < .01) compared to
the SAVR cohort. On the other hand, TAVR patients
were reported to have higher rates of more-than-mild
paravalvular regurgitation (8.2% vs 0%; P < .01).

The largest registry reporting on 5-year TAV durabil-
ity is FRANCE-2.2" This registry included 4,201 patients
undergoing TAVR with balloon-expandable (68%) or
self-expanding (32%) devices and showed an incidence
of severe and moderate-to-severe SVD of 2.5% and
13.3%, respectively, in surviving patients at 5 years from
the procedure. Of note, the 5-year rate of moderate and
severe SVD was 13.8% and 4.1% for balloon-expandable
TAVs and 8.9% and 0% for self-expanding TAVs, respec-
tively. The presence of severe SVD was not associated
with excess mortality, most likely because the majority
of severe SVD cases were defined by an increased or
high transprosthetic gradient rather than by severe aor-
tic regurgitation.

TAV DURABILITY: DATA BEYOND 5 YEARS

There are limited data pertaining to the long-term
durability of TAVs, predominantly due to their initial use
in older and multimorbid patients, many of whom did
not survive beyond 8 years after TAVR.22 The NOTION
trial is therefore particularly interesting as the study
enrolled patients aged > 70 years with a low-surgical-
risk profile and in the early years of TAVR (2010-2014).
Consequently, the NOTION trial is currently the only
randomized trial providing robust TAV versus SAV dura-
bility data beyond 5 years in a low-risk patient cohort.
Jorgensen et al recently reported the 8-year outcomes
for patients enrolled in this trial, demonstrating a signifi-
cantly lower rate of SVD in the TAVR group as compared
to the SAVR group (13.9% vs 28.3%; P < .01), whereas the
risk of BVF was similar in both groups (8.7% vs 10.5%).
The risk of severe SVD was 2.2% in the TAVR cohort
versus 6.8% in the SAVR cohort. No patient developed
clinical valve thrombosis, whereas the cumulative inci-
dence of endocarditis was 7.2% and 7.4% for patients
treated with TAVR and SAVR, respectively. Importantly,
patients in this trial who were treated with TAVR (100%
CoreValve) had a larger EOA and lower transprosthetic
gradient at every yearly follow-up up to 8 years com-
pared to patients treated with SAVR.?

After the introduction of the EAPCI/ESC/EACTS stan-
dardized criteria of SVD, an increasing number of TAVR
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Figure 1. TAVs and reported rates of SVD and BVF data beyond 5 years. The size of the

circles represents the study sample size.
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No case of SVD was
reported, and five patients
(3.3%) had undergone
redo TAVR or cardiac
surgery due to significant
paravalvular leak. Testa
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patients undergoing TAVR
with CoreValve/Evolut
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Figure 2. Possible factors impacting TAV durability.

registries have reported outcomes after TAVR with
either the Sapien (Edwards Lifesciences) or CoreValve
TAV for up to 8 years (Figure 1). Deutsch et al report-
ed late outcomes and SVD in 300 patients treated with
TAVR (71% self-expanding, 29% balloon-expandable).?
After a median follow-up of 7.1 years, the actual rate
of SVD was significantly lower in the self-expanding
cohort compared to the balloon-expandable cohort
(11.8% vs 22.6%; P = .01). Barbanti et al reported on a
total of 288 patients treated with CoreValve (82.3%) or
Sapien XT valve (16.7%) and found an 8-year cumula-

Cribier-Edwards (Edwards
Lifesciences) (20.9%), or
CoreValve (1.7%) and
reported a 10-year cumulative incidence of SVD and
BVF of 6.5% and 2.5%, respectively.?’ In addition, the
UK TAVI registry evaluated the incidence of SVD

in 241 patients (66% self-expanding, 34% balloon-
expandable) with clinical follow-up of 5 to 10 years
(median follow-up, 5.8 years); the reported incidences
of moderate and severe SVD were 8.7% and 0.4%,
respectively.?® There was no difference in the rate of
moderate SVD between balloon-expandable and self-
expanding TAVs. Only one reported case of severe
SVD was noted in the self-expanding TAV group.
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DISCUSSION

The use of TAVR has increased dramatically over
the past decade. While medium-term follow-up stud-
ies demonstrate favorable outcomes, only limited
long-term TAV durability data exist. Despite this, the
most recent United States guidelines for the manage-
ment of patients with valvular heart disease docu-
ment state, “For symptomatic patients with severe AS
who are 65 to 80 years of age and have no anatomic
contraindication to transfemoral TAVR, either SAVR
or transfemoral TAVR is recommended after shared
decision-making about the balance between expected
patient longevity and valve durability (class |, level of
evidence A).”*" Unfortunately, the availability and inter-
pretation of long-term TAV durability literature are
problematic for a number of reasons.

First, there is a lack of available long-term TAV dura-
bility data beyond 10 years. Second, TAVR has been
frequently used in elderly, comorbid patients who may
have died of noncardiac causes, and therefore, SVD
may have gone undetected in many trials. Third, the
incongruous definitions of SVD in trials and registries
has led to uncertainty about the true incidence of SVD
after TAVR. Fourth, there have been iterative improve-
ments in preprocedural planning, stent technology,
TAV deployment technique, and operator experience,
which is expected to improve long-term TAV durabil-
ity for more recently implanted, newer-generation
TAVs. As an example, using the VARC-3 definition of
SVD, a recent study reported that the older-generation
Sapien XT had a higher risk of SVD compared with the
third-generation Sapien 3 TAV.4

Despite these inherent difficulties, there are reliable
early data—using standardized definitions—that show
that the risk of SVD is potentially lower after TAVR
than SAVR at 5 to 10 years. Furthermore, the risk of
prosthesis-patient mismatch is systematically higher
in SAVR cohorts compared to TAVR cohorts. This,
together with well-documented improved EOA and
lower transprosthetic gradients after TAVR compared
to SAVR through 8 years, is encouraging and lends
support for the expansion of TAVR to patients with a
longer life expectancy. However, with the progressive
expansion of TAVR toward younger patients, physicians
and heart teams are increasingly encountering patients
with severe bicuspid AS. It remains important to real-
ize that these patients were excluded from the pivotal
TAVR trials and that there are virtually no medium-
to-longer-term follow-up data available on the use of
TAVR in bicuspid AS.

A future research focus on the potential mechanism
of TAV degeneration is needed so that long-term TAV

durability can be improved (Figure 2). While it is rec-
ognized that TAVs can degenerate in a manner similar
to surgical bioprostheses, durability of TAVs may be
uniquely impacted because of the potential trauma
that can occur due to initial valve preparation and bal-
loon dilatation or as a result of suboptimal leaflet coap-
tation, leaflet pin-wheeling, or leaflet—stent frame con-
tact resulting from asymmetric expansion. Additionally,
prosthetic valve factors including supra-annular versus
intra-annular leaflet position, length of leaflet coapta-
tion, and the ability to achieve commissural alignment
may be important. This all needs to be further studied,
as does the role of antithrombotic pharmacotherapy

in preventing TAV leaflet thickening and its potential
impact on future SVD. ®
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