TAVR and SAVR
Durability: When Will
We Have the Answer?

Reviewing the recent data on structural valve deterioration and bioprosthetic valve failure

after TAVR and SAVR.
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ranscatheter aortic valve replacement (TAVR)

is currently an established therapy for older

patients with symptomatic, severe aortic valve

stenosis across all surgical risk categories.’ There
is also growing evidence for TAVR in treating younger
patients with lower surgical risk profiles.* The long-term
durability of transcatheter heart valves (THVs) becomes
increasingly important as TAVR expands to younger and
lower-risk patients with longer life expectancies because
their life expectancies would likely exceed the durability
of the THV.

Although all THVs are bioprosthetic valves, surgical
aortic prostheses used in surgical aortic valve replace-
ment (SAVR) can either be mechanical or biological in
nature. Mechanical aortic valves, while more durable,
require lifelong oral anticoagulation with an increased
risk for bleeding complications. Meanwhile, there is also
good experience with transcatheter valve-in-valve (ViV)
procedures in the case of aortic bioprosthetic dysfunc-
tion. As a result, there has been an increased use of surgi-
cal aortic bioprostheses even in younger patients.

DEFINITIONS OF SVD AND BVF

The biologic tissue from both surgical and transcath-
eter aortic bioprostheses is prone to structural valve
degeneration. Structural valve degeneration is a multi-
factorial process mediated by calcification of the con-
nective tissue, leading to valve dysfunction and eventu-
ally valve failure. The definition of long-term durability
of both surgical and transcatheter aortic bioprostheses
has been inconsistent over time. Standardized defini-
tions of structural valve deterioration (SVD) and bio-

prosthetic valve failure (BVF) are now endorsed by the
European Association of Percutaneous Cardiovascular
Interventions (EAPCI), European Society of Cardiology
(ESC), and European Association for Cardio-Thoracic
Surgery (EACTS).®

The term SVD includes permanent intrinsic changes
of the valve (ie, leaflet tear, calcification, pannus deposi-
tion, flail, fibrotic leaflet) leading to degeneration and/
or dysfunction, which in turn may result in stenosis
or intraprosthetic regurgitation. SVD can be detected
using imaging studies or at the time of reoperation
or autopsy and can arise in both symptomatic and
asymptomatic patients. SVD can be characterized as
hemodynamic dysfunction and/or morphological SVD
(Figure 1).

The term BVF integrates severe SVD (ie, the etiol-
ogy) with its clinical consequences—thereby avoid-
ing overinterpretation of valve-related outcomes in
asymptomatic patients with no clinical impact—and
is recommended as the main outcome of interest in
studies assessing the long-term performance of TAVR
and SAVR. Importantly, BVF may occur in the setting of
SVD but also as the consequence of pathophysiological
processes unrelated to SVD, such as nonstructural valve
dysfunction, thrombosis, or endocarditis. BVF includes
any of the following: (1) bioprosthetic valve dysfunc-
tion at autopsy, very likely related to the cause of death,
or valve-related death, defined as any death caused
by bioprosthetic valve dysfunction in the absence of
confirmatory autopsy; (2) aortic valve reintervention
(ie, ViV TAVR, paravalvular leak closure, or SAVR); and
(3) severe hemodynamic SVD.
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Moderate hemodynamic SVD — any of the following

= Mean transprosthetic gradient 2 20 mmHg and < 40 mmHg

= Mean transprosthetic gradient 2 10 mmHg and < 20 mmHg change from baseline

= Moderate intra-prosthetic AR / new or worsening (> 1+/4+) from baseline

Severe hemodynamic SVD — any of the following

= Mean transprosthetic gradient > 40 mmHg

= Mean transprosthetic gradient = 20 mmHg change from baseline

= Severe intra-prosthetic AR / new or worsening (> 2+/4+) from baseline

Morphological SVD — any of the following

= Leaflet integrity abnormality (i.e., torn or flail causing AR)

= Leaflet structure abnormality (i.e., pathological thickening and/or calcification)

= Leaflet function abnormality (i.e., impaired mobility)

= Strut/frame abnormality (i.e., fracture)

Hemodynamic and morphological SVD

Figure 1. Causes of bioprosthetic valve dysfunction (A). SVD classification (B). Standardized definitions endorsed by the
EAPCI, ESC, and EACTS. AR, aortic regurgitation. Adapted with permission from Capodanno D, Petronio AS, Prendergast B, et
al. Standardized definitions of structural deterioration and valve failure in assessing long-term durability of transcatheter and
surgical aortic bioprosthetic valves: a consensus statement 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). Eur Heart J. 2017;38:3382-3390. doi: 10.1093/eurheartj/ehx303
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TABLE 1. MEDIUM-TO-LONG-TERM FOLLOW-UP IN TAVR AND SAVR

Population (N) THV Type  Follow-  All-Cause SVD Rate BVF Rate
Up (y) Mortality (%)
Registries
TAVR | SAVR TAVR SAVR | TAVR |SAVR | TAVR | SAVR
U.K. TAVI registry™ 241 - Mixed 5-10 - - 91% | - - -
Deutsch et al® 300 - Mixed 7 768% | - 149% | - - -
Durand et al** 1,403 - Mixed 7 81.4% - 2% | - 19% | -
Holy et al’® 152 - CoreValve | 8 3% - - - 79% | -
Testa et al'® 909 - CoreValve | 8 783% | - 46% | - 25% | -
Eltchaninoff et al” 378 - Sapien 8 904% | - 32% | - 06% | -
Randomized Controlled Trials
TAVR | SAVR TAVR SAVR | TAVR | SAVR | TAVR | SAVR
PARTNER | trial?%2 348 351 Sapien 5 67.8% 624% | (0)* (0)* = =
CoreValve Pivotal High-Risk 390 354 CoreValve | 5 55.3% 554% | 95% | 266% |- =
trial??
NOTION trial?2* 145 135 CoreValve | 6 025% | 377% | 48% | 24% 75% | 67%
8 521% 513% |[141% | 285% | 73% |10.6%

Abbreviations: BVF, bioprosthetic valve failure; SAVR, surgical aortic valve replacement; SVD, structural valve deterioration; TAVR, transcatheter aortic

valve replacement; THV, transcatheter heart valve.

*SVD rates in PARTNER | trial were reported before the new European Association of Percutaneous Cardiovascular Interventions/European Society of
Cardiology/European Association for Cardio-Thoracic Surgery standardized definitions of SVD and BVF were adopted.

SAVR DURABILITY

In general, studies on the performance or durability of
surgical aortic bioprostheses during the first decade after
SAVR have reported encouraging data, with most of the
available studies showing rates of freedom from SVD of
85% or more at 10 years.® However, a majority of these
studies date back from before 2017 and did not use, or
were not in line with, the EAPCI/ESC/EACTS standard-
ized definitions of SVD.

Patient age at implantation is a well-established pre-
dictor of valve longevity after SAVR; the risk of SVD
increases with younger age at valve implantation.” As the
mean age at the time of valve implantation increases, the
actuarial freedom from SVD also increases. Other predic-
tors of SVD after SAVR have been reported to be renal
impairment, smoking, arterial hypertension, dyslipidemia,
diabetes mellitus, and metabolic syndrome.®®

In a recent systematic review, 167 studies and 12 FDA
reports including 101,650 patients and 17 different
surgical aortic biological valve types were analyzed.

The authors concluded that there was a significant
heterogeneity in the individual study definitions for
SVD. Available data on surgical aortic bioprostheses did
not provide a reliable benchmark for SVD at long-term

follow-up.™ Hence, universal consensus with standard
definitions will be necessary to provide accurate data on
SVD after SAVR in the future, enabling reliable compari-
sons between studies, surgical valve platforms, and even
with THVs.

TAVR DURABILITY

One of the major limitations of long-term THV dura-
bility assessment is the high-age and high-risk profile of
the initial TAVR populations, conditioning a limited life
expectancy and therefore a paucity of patients available
at long-term follow-up.

THV durability data beyond 5 years were not available
until recently. As shown in Table 1, few observational reg-
istries have attempted to report either actuarial or actual
estimates of SVD or BVF (adjusted for the competing
risk of all-cause mortality) in mixed TAVR populations.
Unfortunately, a reliable assessment of long-term THV
durability is almost impossible due to very high mortality
rates. In addition, these data are typically self-reported
with no external validation, which certainly limits their
generalizability.

In summary, these registries report favorable medi-
um- to long-term valve performance data for both
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self-expanding and balloon-expandable THVs.
Interestingly, Deutsch et al reported an overall cumu-
lative incidence of SVD of 14.9% at 7 years, based on

a TAVR registry with first-generation THV devices.

A comparison between the self-expanding CoreValve
(Medtronic) and balloon-expandable Sapien (Edwards
Lifesciences) platforms was also performed, demon-
strating a more favorable outcome with the CoreValve
in terms of SVD (CoreValve, 11.8% vs Sapien, 22.6%;

P =.01)." Whether the typically better hemodynamic
valve performance with CoreValve—resulting in larger
effective orifice area and less patient-prosthesis mis-
match—as compared to the Sapien valve may be an
explanation for this finding is only a hypothesis.’ The
evaluation of other factors associated with SVD in THVs
has been limited by the relatively small number of
patients with long-term follow-up and the small number
of SVD events.

DATA FROM RANDOMIZED TRIALS

Ideally, the durability of a given bioprosthetic aortic
valve must be put into clinical perspective by directly
comparing its performance with the performance of its
surgical or transcatheter bioprosthetic counterpart used
in a similar patient cohort.” Longer-term follow-up data
of randomized trials comparing TAVR and SAVR are
summarized in Table 1.

The randomized PARTNER | trial compared TAVR
using the balloon-expandable Sapien valve versus SAVR
in high-surgical-risk patients with symptomatic severe
aortic stenosis. No SVD requiring valve reintervention
occurred in either group at 5 years. Unfortunately, SVD
rates reported for the PARTNER | trial were reported
before the standardized definitions of SVD and BVF were
adopted. Moderate or severe aortic regurgitation caused
by paravalvular regurgitation was more common in the
TAVR group and was associated with lower survival. The
final 5-year follow-up data showed equivalent outcomes
after TAVR and SAVR. Longitudinal assessment of the
PARTNER | trial also demonstrated that valve perfor-
mance and hemodynamics were stable in both Sapien
TAVR and SAVR in patients alive at 5 years.2%?! In the
CoreValve United States Pivotal High Risk trial, high-
risk patients were randomized to TAVR with the self-
expanding bioprosthesis or SAVR. At 5 years, overall SVD
was more common after SAVR than after TAVR (26.6%
vs 9.5%; P < .001). Severe SVD and valve reinterventions
were uncommon in both groups with rates lower than
3%. In addition, this study showed similar medium-term
survival and stroke rates in high-risk patients after TAVR
or SAVR 2

The NOTION trial was the first to provide comparative
data regarding bioprosthetic valve durability for TAVR
and SAVR from a randomized clinical trial conducted



in patients with a lower surgical risk profile. As this trial
enrolled patients who were at a lower surgical risk and
younger as early as in the 2011-2014 period, a significant
number of these patients were still alive at medium- to
long-term follow-up (Table 1). Based on the standardized
EAPCI/ESC/EACTS definitions, the rate of SVD at 6 years
was higher after SAVR than after TAVR (24% vs 4.8%;
P <.001), whereas BVF rates at 6 years were similar after
SAVR and TAVR (6.7% vs 7.5%; P = .89).2% Recently pre-
sented 8-year follow-up data of the NOTION trial con-
firmed a higher rate of SVD after SAVR than after TAVR
(28.5% vs 14.1%; P = .001), whereas BVF rates were similar
after SAVR and TAVR (10.6% vs 7.3%; P = .34).24

In summary, current data from randomized con-
trolled TAVR trials confirm that the medium- to long-
term durability of transcatheter bioprosthetic valves is
satisfactory and at least noninferior to surgical aortic
bioprosthesis.

CONCLUSION

The long-term durability of THVs becomes increasingly
important as TAVR expands to younger and lower-risk
patients with longer life expectancies. Current data from
registries as well as randomized controlled TAVR trials
indicate that the medium- to long-term durability of
THVs is satisfactory and at least noninferior to surgical
aortic bioprostheses. However, randomized controlled
TAVR trials in patients with longer life expectancy
(including patients younger than 75 years) and longer-
term follow-up of these trials will be necessary to confirm
the noninferior durability of THVs as compared to their
surgical counterparts. |
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