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ABSTRACT

Transcatheter aortic valve implantation (TAVI) has become the standard of care in
symptomatic older patients with severe aortic stenosis regardless of surgical risk. With the
development of newer generation transcatheter bioprostheses, improved delivery systems,
better preprocedure planning with imaging guidance, increased operator experience,
shorter hospital length of stay, and low short- and mid-term complication rates, TAVI
is gaining popularity among younger patients at low or intermediate surgical risk. Long-
term outcomes and durability of transcatheter heart valves have become substantially
important for this younger population due to their longer life expectancy. The lack of
standardized definitions of bioprosthetic valve dysfunction and disagreement about how
to account for the competing risks made comparison of transcatheter heart valves with
surgical bioprostheses challenging until recently. In this review, the authors discuss the
mid- to long-term (= 5 years) clinical outcomes observed in the landmark TAVI trials and
analyze the available long-term durability data emphasizing the importance of using
standardized definitions of bioprosthetic valve dysfunction.
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INTRODUCTION

After nearly two decades of experience, transcatheter
aortic valve implantation (TAVI) has altered the treatment
landscape for severe aortic stenosis. Initially studied
in inoperable and high-risk patients, TAVI was recently
studied and found beneficial in patients with low surgical
risk, leading to approval across all surgical risk profiles.*?
Growing experience, advent of newer iterations of
transcatheter heart valves, improved preprocedure
planning, and smaller access sheaths have significantly
minimized the periprocedural TAVI complications. Based
on data from randomized controlled trials (RCTs), the latest
professional society guideline’ has endorsed TAVI as an
alternative to surgical aortic valve replacement (SAVR)
for patients between 65 and 80 years (class 1), with a
strong emphasis on shared decision-making between
patients and the heart team with regard to lifetime
management and the possible need for reintervention.
TAVI in younger and lower-risk patients with otherwise
longer life expectancies has appropriately raised concerns
about transcatheter heart valve longevity and its effects
on future reinterventions. In this review, we discuss mid- to
long-term clinical outcomes and long-term durability data
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of TAVI from landmark clinical trials compared to surgical
bioprostheses and its foreseeable implications.

MID-TERM OUTCOMES OF TAVI

Short-, mid-, and long-term durations are arbitrarily defined
in various TAVI studies. For this review, 5-year or longer
follow-up data will be discussed to assess the mid-term
or long-term outcomes of TAVI. The results of pivotal trials
stratified by the Society of Thoracic Surgeons-Predicted Risk
of Mortality (STS-PROM)* are summarized in Tables 1 and 2.
Patients are categorized as low, intermediate, or high risk
based on Society of Thoracic Surgeons predicted risk of
mortality at 30 days (following SAVR) of < 4%, 4% to 8%,
or > 8%, respectively.“® Patients with a > 50% preoperative
risk of mortality and morbidity at 1 year are considered to
be inoperable or at extreme risk.**

PROHIBITIVE-RISK

In 2011, the US Food and Drug Administration (FDA)
approved the first-generation balloon-expandable SAPIEN
valve (Edwards Lifesciences) in severely symptomatic
inoperable aortic stenosis patients after a series of PARTNER

SURGICAL TRIAL YEAR INTERVEN- TAVI VALVE AGE % FOLLOW-UP LONG-TERM OUTCOMES
RISK TION TYPE (y) MALE AT 5 YEARS
Prohibitive  PARTNER 2015 N=358 BE 83 46%  49/179 TAVI  At5 years, TAVI vs standard therapy:
risk 1B® 179 TAVI first-generation survived  All-cause death (71.8% vs 93.6%, ss)
(Mean 179 Standard ~ SAPIEN 5/179 SAVR * CV mortality (57.5% vs 85.9%, ss)
STS 11.7%) therapy* (Edwards) survived * Rehospitalization (47.6% vs 87.3%, ss)
« All stroke (16.0% vs 18.2%, ss)
CoreValve 2021 N=639 SE 83 48%  158/639 At 5 years, TAVI:
US Pivotal® 639 TAVI First-generation survived at 5 ¢ All-cause death or major stroke (72.6%)
(Mean compared CoreValve years * Major stroke (11.5%)
STS 10.4%) with meta- (Medtronic) * Major/life-threatening bleed (29.4%)
analysis « AV Reintervention (2.9%)
data * PPI (46.8%)
* Aortic valve rehospitalization (48.3%)
* Moderate or severe PVR (3.1%)
High risk PARTNER 2015 N=699 BE 84 58%  Median At 5 years, TAVI vs SAVR:
1A 348 TAVI first-generation follow-up * All-cause death (67.8% vs 62.4%, ns)
(Mean 351 SAVR SAPIEN 3.14 years * Rehospitalization (42.3% vs 34.2%, ns)
STS 11.7%) (Edwards) (IQR * All-strokes (15.9% vs 14.7%, ns)
0-68-4-92) * Moderate or Severe PVR (TAVI > SAVR, ss)
CoreValve 2018 N=797 SE 83 53% Median At 5 years, TAVI vs SAVR:
US Pivotal'! 391 TAVI First-generation follow-up * All-cause death (55.3% vs 55.4%, ns)
(Mean 359 SAVR CoreValve 49.9 months  * Major stroke (17.5% vs 21.0%, ns)
STS 7.4%) (Medtronic) (TAVI), + Myocardial infarction (3.1% vs 3.3%, ns)
41 months e AV Reintervention (3.0% vs 1.1%, ss)
(SAVR) * PPI (38.6% Vs 22.3%, ss)

* Moderate SVD (9.2% vs 26.6%, ss)

Table 1 Long-term clinical outcomes of landmark TAVI trials in prohibitive and high-surgical-risk patients.

STS: Society of Thoracic Surgeons; BE: balloon-expandable; SE: self-expandable; TAVI: transcatheter aortic valve replacement; SAVR: surgical
aortic valve replacement; CV: cardiovascular; PPI: permanent pacemaker implantation; PVR: paravalvular regurgitation; SVD: structural valve
degeneration; AV: aortic valve; ss: statistically significant; ns: statistically nonsignificant; IQR: interquartile range

1140 (79%) of 179 patients in the standard treatment group underwent balloon aortic valvuloplasty.
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SURGICAL TRIAL YEAR INTERVEN- TAVI VALVE AGE % FOLLOW UP LONG-TERM OUTCOMES
RISK TION TYPE (y) MALE %
Intermediate  PARTNER 2020 N=2032 BE 82 55 91% TAVI At 5 years, TAVI vs SAVR:
risk 2V 1011 TAVI second- 81.4% SAVR  « All-cause death or disabling stroke (47.9% vs
(Mean 1021 SAVR generation 43.4%, ns)
STS 5.8%) SAPIEN XT * All-cause death (46% vs 42.1%, ns)
(Edwards) * Disabling Stroke (9.8% vs 8.6%, ns)
* Rehospitalization (33.3% vs 25.2%, ss)
* New PPI (15.5% vs 13%, ns)
* AV Reintervention (3.2% vs 0.8%, ss)
* Moderate to severe PVR (4.1% vs 0.42%, ss)
SURTAVI™ 2022 N=1660 SE 80 56 93.7% TAVI At 5 years, TAVI vs SAVR:
(Mean 864 TAVI CoreValve (84%) 95.5% SAVR  « All-cause death or disabling stroke (31.3% vs
STS 4.5%) 796 SAVR Evolut R (16%) 30.8%, ns)
(Medtronic) ¢ All-cause death (30.0% vs 28.7%, ns)
* Valve thrombosis (0.5% vs 0.4%, ns)
* AV Reintervention (3.5% vs 1.9%, ss)
* Moderate or severe PVR (3.0% vs 0.7%, ss)
Low risk PARTNER 2021 N=950 BE 73 69 99% TAVI *At 2 years, TAVI vs SAVR:
3* 496 TAVI SAPIEN 3 93.8% SAVR = All-cause death, stroke, or rehospitalization
(Mean 454 SAVR (Edwards) (11.5% vs 17.4%, ss)
STS 1.9%) * Death or Disabling stroke (3% vs 3.8%, ns)
* Rehospitalization (8.5% vs 12.5%, ss)
* Valve thrombosis (VARC-2) (2.6% vs 0.7%, ss)
* Mild PVR (26% vs 2.3%, ss)
Evolut 2023 N=1414 SE 74 65 97.3% TAVI  **At 3 years, TAVI vs SAVR:
Low risk 730 TAVI CoreValve (3.6%) 92.3% SAVR  « All-cause death or disabling stroke (7.4% vs
trigl**18 684 SAVR Evolut R (74.1%) 10.4%, ns)
(Mean Evolut PRO ¢ All-cause death (3.5% vs 4.4%, ns)
STS 1.9%) (22.3%) * Disabling stroke (1.5% vs 2.7%, ns)
(Medtronic) * Mild PVR (21.3% vs 2.7%, ss)
* New PPI (23.2% vs 9.1%, ss)
NOTION™ 2021 N=280 SE 79 53 98.5% TAVI At 8 years, TAVI vs SAVR:
(Mean 145 TAVI first-generation 99.3% SAVR -« All-cause mortality (51.8% vs 52.6%, ns)
STS 3%) 135 SAVR CoreValve * CV death (40.6% vs 43.6%, ns)
(Medtronic) * Stroke (8.3% vs 9.1%, ns)

* New-onset Atrial Fibrillation (50% vs 74.1%, ss)
* New PPI (42.5% vs 10.9%, ss)

Table 2 Long-term clinical outcomes of landmark TAVI trials in intermediate and low-surgical risk patients.

STS: Society of Thoracic Surgeons; BE: balloon-expandable; SE: self-expandable; TAVI: transcatheter aortic valve replacement; SAVR: surgical
aortic valve replacement; CV: cardiovascular; PPI: permanent pacemaker implantation; PVR: paravalvular regurgitation; SVD: structural valve
degeneration; AV: aortic valve; ss: statistically significant; ns: statistically nonsignificant

* Only 2-year outcomes are available till date. ** 3-year outcomes are available till date.

trials showed a clinical superiority of TAVI compared with
conservative therapy alone.®” The 5-year follow-up data
from PARTNER 1B¢ continued to demonstrate this superiority.
The median survival was 29.7 months post-TAVI versus
11.1 months in the conservative therapy arm. However, it
is sobering to note that despite TAVI, overall noncardiac
mortality in this population was higher than cardiac
mortality (34% vs 17%), highlighting the competing risks
of other illnesses and thus the importance of appropriate
patient selection for TAVI. Echocardiography showed
durable hemodynamic benefit (aortic valve area 1.52 cm? at
5 years, mean gradient 10.6 mm Hg at 5 years) with the rare
occurrence of structural valve degeneration (SVD) after TAVI.

Similar 5-year clinical, echocardiographic, and health status
outcomes data were observed with the self-expandable supra-
annular CoreValve™ (Medtronic Vascular) TAVL? reassuring

28% survival at 5 years with at least a moderately large
quality of life improvement compared to pre-TAVIL. The mean
transvalvular gradient remained in single digits after TAVI.

HIGH-SURGICAL RISK

The 5-year follow-up from the PARTNER 1A study® for high-
risk patients showed no difference in the primary outcome
of all-cause mortality between SAVR and TAVI (62.4% vs
67.8%, P=.76). Functional outcomes were also similar, and
preservation of valve hemodynamics was equivalent in
both groups. Moderate/severe paravalvular regurgitation
(PVR) was significantly higher in the TAVI arm compared
with SAVR at 5 years (14% vs 1%, P <.001), and even mild
PVR portended increased mortality at 5 years. Of note, this
study used the first-generation SAPIEN valve, which is now
supplanted by newer generation SAPIEN valves.
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Gleason et al.’* reported analogous 5-year all-cause
mortality in high-risk patients with early-generation
CoreValve compared to SAVR in the CoreValve US Pivotal
High-Risk Trial (55.3% vs 55.4%). More TAVI than SAVR
patients underwent reinterventions (3.0% vs 1.1%; P =
.04) primarily driven by early moderate/severe PVR and
had a higher permanent pacemaker placement rate
(33.0% vs 19.8%; P < .001) by 5 years post-procedure.
However, TAVI had a better vascular complication rate
profile compared with PARTNER 1A (due to the use of 18F
sheaths for CoreValve vs 22F and 24F sheaths in PARTNER).

INTERMEDIATE SURGICAL RISK
The PARTNER 2 and SURTAVI critical studies compared TAVI
with SAVR in intermediate-risk patients with symptomatic
severe aortic stenosis using the BE SAPIEN XT valve and SE
CoreValve, respectively.!?® At 5 years, primary end points
of all-cause mortality or disabling stroke were comparable
between transfemoral TAVI to surgery in PARTNER 2. In
contrast to observations in the trials of high-risk patients,
cardiac mortality was 56% in each of the intermediate-
risk trials.'>*> This observation emphasizes the decreasing
risk associated with comorbidities that occurs as overall
risk decreases. Importantly, the TAVI group had more
moderate/severe PVR, which translated into higher 2-
to 5-year mortality post-TAVI in landmark analyses.*
However, results from a propensity-matched analysis with
a new-generation SAPIEN 3 valve suggested a much lower
incidence of moderate/severe PVR compared with SAPIEN
XT in PARTNER-2 (0.7% vs 6.5%), likely due to the external
fabric skirt of SAPIEN 3 valve specifically designed to reduce
the incidence of PVR." Freedom from valve reintervention
was better for SAVR compared with TAVI (99.4% vs
96.8%, P = .003) at 5 years. The most common reason for
reintervention in the TAVI arm was SVD (progressive stenosis
or regurgitation). Quality-of-life indices were also similar.
Similar findings were observed in a 5-year follow-up
study after SE CoreValve from SURTAVI.'® PVR rates were
higher with TAVI (3% vs 0.7%, P <.001). The mean gradient
(8.6 vs 11.2 mm Hg) and effective orifice area (2.2 vs
1.8 cm?) were better with TAVI. There were more valve
reinterventions post-TAVI (3.5% vs 1.9%, P = .02), but the
majority were performed within the first 2 years.

LOW SURGICAL RISK
In 2019, the US FDA approved TAVI in symptomatic elderly
patients with severe aortic stenosis and low surgical risk based
on the results of two RCTs—PARTNER 3 (using BE SAPIEN 3
valve) and Evolut Low-Risk (using SE CoreValve Evolut).*?
Their long-term results are awaited. However, the 2-year
follow-up from the PARTNER 3! trial showed continued
superiority of TAVI versus surgery at preventing all-cause
mortality, stroke, or rehospitalization but with more
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frequent deaths, strokes, and valve thrombosis (2.6%
vs 0.7%) events between 1 and 2 years. Disease-specific
health status at 2 years was better after TAVI than surgery.

Echocardiographic findings through 2 years indicated
stable valve hemodynamics and no differences in valve
durability parameters. The 3-year follow-up data from the
Evolut Low-Risk Trial*® showed TAVI to be non-inferior to
surgery for the primary end point of all-cause mortality or
disabling stroke. Unlike the observations from PARTNER 3,
between years 1 and 3 there was no convergence of the
primary outcome curves with TAVI. TAVI was associated with
superior hemodynamics and significantly less prosthesis-
patient mismatch compared with SAVR. However, the
incidence of mild PVR (20.3% TAVI vs 2.5% surgery) and
permanent pacemaker placement (23.2% TAVI vs 9.1%
surgery; P <.001) were lower in the surgery group.

LONG-TERM OUTCOMES OF TAVI

Data from RCTs showing the long-term (> 5 years)
outcomes after TAVI compared with SAVR are scarce. Long-
term follow-up from the high- and intermediate-risk trials
is limited due to shorter patient survival. Younger patients,
as enrolled in the low surgical risk trials (mean age 74),
constitute the most important group in whom to study
long-term TAVI outcomes as well as valve durability.
Currently, the only RCT with more than 5 years of follow-
up data available is the Nordic Aortic Valve Intervention
(NOTION) trial.’® In this all-comers trial, 280 low-risk
patients with a mean age of 79 years were randomized to
TAVI or SAVR between 2010 and 2013. At 8-year follow-up,
the composite outcome and its components—all-cause
mortality (51.8% vs 52.6%, P = .90), stroke (8.3% vs 9.1%,
P =.90), and myocardial infarction (6.2% vs 3.8%, P=.33)—
were similar after TAVI and SAVR. More than mild PVR after
TAVI was higher in the NOTION trial than in contemporary
practice, often attributed to aortic annulus sizing performed
by echocardiography rather than computed tomography
and the use of primarily first-generation transcatheter heart
valves (THV) without an outer sealing skirt or the possibility
of repositioning. The presence of PVR was not associated
with an increased risk of death after 8 years of follow-up.

SIGNIFICANCE OF THV DURABILITY

With a growing body of literature showing clinical non-
inferiority or superiority of TAVI to SAVR in elderly, younger
(< 65 years), lower-risk patients often prefer this nonsurgical
alternative withthe potential for faster recovery withashorter
hospital length of stay. However, SVD is inversely related to
age at implantation,” with higher SVD rates of 1.59% per year
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in younger patients compared with 0.60% per year in middle-
aged and elderly patients.’*** The underlying mechanism of
the age-related nature of SVD is not fully elucidated. The
heightened immune response to the xenograft, increased
calcification, and post-implant hemodynamics are some
of the proposed mechanisms that cause young patients to
demonstrate such aggressive destruction of bioprosthetic
heart valves.?>>?* Alternatively, longer survival in younger
patients may also increase the likelihood of observing
SVD. With a median expected survival of 13 years in 65-
to 69-year-old patients undergoing isolated aortic valve
replacement,?” another valve procedure is very likely if TAVI
were performed in this age group. This emphasizes the
greater-than-ever need for reliable and comparable data
on the long-term durability of surgical and transcatheter
bioprostheses before the shared decision-making between
patients and the heart team takes place.

UNIQUE MECHANISMS OF THV
DEGENERATION

All bioprosthetic valves eventually degenerate. SVD is an
inevitable multifactorial process influenced by the patient-,
prosthesis- and procedure-related risk factors. As THVs
are tissue valves, we may expect similar patient-related
(young age, female, diabetes, etc.) and prosthesis-related
(stenosis and calcification for bovine valves, leaflet tears
and insufficiency for porcine valves, etc.) mechanisms for
SVD for THVs.

However, several differences in the preparation and
delivery of THVs place them hypothetically at high risk of
degeneration.?’ In contrast to SAVR, during TAVI, THVs are
implanted in the native degenerated valves pushing native
leaflets apart, ensuring that THVs become embedded
inside the bulky calcified annulus. This bulk of calcium
along with the prosthetic valve generates turbulence at
the aortic root at the sinus of Valsalva, creating chronic
mechanical stress on the prosthetic valve leaflets.”
Furthermore, the potential leaflet damage during the
crimping, loading of THV, asymmetric expansion with
suboptimal leaflet coaptation, incomplete frame expansion
leading to leaflet-frame interaction, and balloon post-
dilation may all accelerate SVD.?*?° Finally, the occurrence
of subclinical valve thrombosis or hypoattenuated leaflet
thickening (HALT) early after TAVI has been detected by
4D multidetector-CT in 10% to 15% of patients and is
associated with elevated transprosthetic gradients.?%3!
HALT was more frequent in the TAVI arm in the PARTNER 3
trial at 30 days (13% vs 5%, P =.03) but not at 1 year (28%
vs 20%, P =.19).*? Spontaneous resolution of 30-day HALT
occurred in 54% of patients at 1 year. Patients with HALT
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at both 30 days and 1 year had significantly increased
gradients at 1 year. The Evolut low-risk trial demonstrated
similar HALT after TAVI or SAVR at 30 days (17.3% vs
16.5%) and 1 year (30.9% vs 28.4%). Valve gradients were
not affected by presence and severity of HALT.>> At this
time there is no clear evidence that HALT is associated with
structural valve degeneration; however, there are signals
that patients with HALT have higher mean gradients and
inferior hemodynamics in some studies.’*? Further data
are required on the association or the lack thereof between
HALT and structural valve degeneration.

CAVEATS OF SAVR DURABILITY
ASSESSMENT

Several studies have shown the encouraging performance
of surgical bioprostheses in the first-decade post-surgery
with freedom from SVD in > 85% at 10 years.”>***’ Recent
data from the SWEDEHEART registry reported a median
survival of 16.2 years (ages 60-64 years) to 6.1 years (age
> 85 years) in low-risk patients undergoing bioprosthetic
SAVR for severe aortic stenosis.’” Historically, structural
valve degeneration was defined using clinical end points
such as valve reintervention or death related to structural
valve failure rather than long-term echocardiographic
and hemodynamic assessment. This restricted definition
underestimates the true incidence of structural valve
degeneration, potentially ignoring a substantial proportion
of patients with severe structural valve degeneration
who may not undergo reintervention due to advanced
age and frailty or early death due to comorbidities even
before the onset of structural valve degeneration.>?6:¢
A systematic review of the surgical literature described
that SAVR durability data beyond 10 years originated from
a pool of heterogenous studies that used a total of 11
structural valve degeneration definitions in 167 studies.*®
For instance, Forcillo* reported a 67% freedom from valve
reoperation after SAVR, whereas Bourguignon®' found
freedom from structural valve degeneration as low as
37% using an echocardiography-based structural valve
degeneration definition in a 20-year experience with the
Carpentier-Edwards Perimount pericardial bioprostheses.
Furthermore, studies that reported long-term follow-up (>
20 years) with different surgical valves had wide variability
in their real median follow-up, with merely 0.01% to 3%
of patients achieving complete 20-year follow-up.*®“* It is
also noteworthy that the timing of SVD, and thus durability,
varies with the type of surgical prosthesis used. Valves
such as Sorin Mitroflow (Sorin Group USA) and St. Jude
Trifecta experienced structural valve degeneration and
failure as early as 4 to 6 years in several studies**“>*® due
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to the absence of anticalcification treatment during tissue
preparation and fixation,”> and the early pannus formation
and leaflet calcification respectively.”® Consequently,
wide discrepancies in the structural valve degeneration
definitions, incomplete follow-up data, and non-adjusted
SVD rates for competing risks such as death make the
existing SAVR durability data inadequate to be considered
a benchmark for applying catheter-based techniques to
younger patients. Therefore, the special emphasis on the
randomized data using standardized definitions, long-term
core laboratory analysis, and complete follow-up with a
specified duration of reporting are paramount.

STANDARDIZED DEFINITION OF
BIOPROSTHETIC VALVE DYSFUNCTION

To streamline the future comparison of long-term
durability studies, more sensitive definitions of structural
valve degeneration have been proposed by the European
Association of Percutaneous Cardiovascular Interventions
and the Valve In Valve International Data.*”“¢ Recently, the
VARC-3 writing committee* refined this definition. Accordingly,
bioprosthetic valve dysfunction may have four underlying
pathophysiological mechanisms: (1) structural valve
degeneration, which implies irreversible intrinsic changes to
structural elements of the valve itself; (2) nonstructural valve
dysfunction, which includes PVR and PPM; (3) endocarditis; or
(4) thrombosis. The stages of structural valve degeneration
are described as Stage 1: morphological valve deterioration
without any hemodynamic valve deterioration; Stage 2:
moderate hemodynamic valve deterioration; and Stage
3: severe hemodynamic valve deterioration. This revision
mandated the presence of permanent structural changes
to the prosthetic valve leaflets and the occurrence of
hemodynamic valve deterioration during follow-up to
confirm the presence of SVD and to differentiate with high
residual gradient (= 20 mm Hg) related to prosthesis-patient
mismatch.*”*° An important addition to VARC-3 criteria was
the clinical end point of bioprosthetic valve failure, which
takes into account the relevant clinical consequences such
as Stage 3 SVD-related hemodynamic valve deterioration or
irreversible changes in hemodynamics, valve-related death,
or valve reintervention.*® Using such a universal definition in
a contemporary SAVR series, the 10-year rate of > Stage 2
structural valve degeneration was 41%, whereas the rate
of structural valve degeneration-related bioprosthetic valve
failure was much lower at 3.5%.°! Moreover, the occurrence
of > Stage 2 structural valve degeneration following SAVR
was independently associated with a marked increase in the
risk of mortality and valve reintervention during subsequent
follow-up.”>?
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DEATH AS A COMPETING RISK

Death is a competing risk factor in long-term follow-up and
durability assessment for THVs among high-risk patients
with advanced mean age in initial studies. To overcome
this limitation, the European Association of Percutaneous
Cardiovascular Interventions and VARC-3 recommended
using a cumulative incidence function (actual method)
in contrast to the Kaplan-Meier analysis (actuarial
method).*”*? The former methods provide more accurate
estimates than the actuarial Kaplan-Meier analysis and
may have better clinical utility in the context of TAVI
durability studies.

LONG-TERM DURABILITY OF TAVI

Several limitations should be considered when discussing
the durability of TAVL.?® First, TAVI is a relatively young
technology approved nearly a decade ago, precluding
long-term durability data to date. Second, current data are
available from earlier studies with first-generation THVs
that were implanted by relatively inexperienced operators
with higher rates of malpositioning and valve sizing issues.
Finally, patients in the initial studies included elderly high-
risk populations with death as a competing risk factor
against the risk of structural valve degeneration over time,
limiting the availability of patients for long-term follow-up,
as discussed above.?®

Several registry studies have reported 5 to 7 years of
cumulative incidence of structural valve degeneration
(using a standardized definition) between 4.8% and
13.3% post-TAVL.>*>" Of note, data from RCTs comparing
the head-to-head durability of TAVI to SAVR based on
new structural valve degeneration definitions is limited
(Table 3). THV durability remains difficult to ascertain from
the extreme- and high-risk TAVI trials, with a mean age of
> 80 years and low survival (28% in extreme risk, < 50%
in high risk) at 5 years follow-up. In the CoreValve-High
Risk trial,'* SVD was defined using EAPCI definitions. The
incidence of severe structural valve degeneration was
rare and similar between TAVI and SAVR groups. Moderate
structural valve degeneration was more common in the
SAVR versus the TAVI patients (26.6% vs 9.2%; P < .001),
although much of this difference was attributable to PPM
rather than true SVD. In intermediate-risk patients from
the PARTNER 2A trial and SAPIEN 3 registry, Pibarot et al.*°
found that compared with SAVR, the SAPIEN-XT TAVI cohort
had significantly higher 5-year incidence rates of SVD
(2.6-fold higher), structural valve degeneration-related
bioprosthetic valve failure (4.7-fold higher), and all-cause
(structural or nonstructural) bioprosthetic valve failure
(P <£.01), whereas all these rates in the third-generation
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STUDIES SURGICAL NO. OF THV (n) FOLLOW- DURABILITY SVD (%) BVF (%)
RISK PATIENTS SAVR (n) UP (y) DEFINITION TAVI VS SAVR, p TAVI VS SAVR, p
Pooled analysis Inter- 4762 CoreValve 3661 5 VARC-3, 2.2% vs 4.38%, ss —
of CoreValve mediate/ Evolut R 130 European task
US Pivotal and High SAVR 971 force (2017)
SURTAVI>®
PARTNER 2A trial  Inter- 2329 Sapien XT (774) 5 VARC-3, 9.5% Sapien XT vs 4.7% Sapien XT vs
and Sapien 3 mediate S3(891) European task 3.5%, ss 1.3%, ss
registry*’ SAVR (664) force (2017) 3.9% S3vs3.5%,ns  2.6% S3vs 1.3%, ns
CoreValve US High 797 CoreValve (391) 5 European task 9.5% vs 26.6%, ss —
Pivotal High risk SAVR (359) force (2017)
Trial'!
NOTION trial'® Low 280 CoreValve (139) 8 European task 13.9% vs 28.3%, ss 8.7% vs 10.5%, ns

SAVR (135)

force (2017)

Table 3 RCTs comparing long-term durability of TAVI to SAVR using standardized definitions.

RCTs: randomized controlled trials; SVD: structural valve degeneration; BVF: bioprosthetic valve failure; VARC: Valve Academic Research
Consortium; P2A: PARTNER 2A; S3: Sapien 3; ss: statistically significant; ns: statistically nonsignificant

SAPIEN 3 group were not significant compared with a
propensity-score matched SAVR cohort. The majority of
bioprosthetic valve failures and valve reinterventions were
related to structural valve degeneration in the SAPIEN XT
group, PVR in the SAPIEN 3 group, and endocarditis in the
SAVR cohort. With a mean age of 81 years in intermediate-
risk trials and mortality of 30% to 45% at 5 years, again
THV durability remains difficult to ascertain in this patient
population. Data on valve durability from the NOTION
trial*® showed that the risk of SVD (based on imaging data)
was lower after TAVI compared to SAVR (13.9% vs 28.3%,
P=.0017). However, there was no significant difference in
the risk of bioprosthetic valve failure, defined as death due
to valve dysfunction, hemodynamically significant severe
valve dysfunction or aortic valve reintervention between
the two groups (8.7% vs 10.5%, P = .61). It is notable
that despite the NOTION data, including low-surgical-
risk patients, the mean age was higher than the pivotal
low-risk TAVI trials (mean age 79 vs 74 years) with very
few patients in their 60s. In a post hoc analysis pooled
data from the CoreValve US Pivotal and SURTAVI trials
(n = 4,762, mean age 82.1 yrs), O’hair et al.”® reported
that a cumulative incidence of SVD, determined by
treating death as a competing risk, was lower in patients
undergoing TAVI than surgery (2.20% vs 4.38%; HR 0.46;
95% CI, 0.27-0.78; P =.004) (Figure 1). This lower risk
was most pronounced in patients with smaller annuli
(€23 mm diameter; TAVI 1.32%; surgery 5.84%; HR, 0.21;
95% (I, 0.06-0.73; P=.02). SVD was also associated with
a 5-year increased risk (~2-fold) of all-cause mortality,
cardiovascular mortality, and valve disease or worsening
heart failure hospitalizations. In summary, current data
from these studies confirm that the durability of THVs is
comparable to or may be superior to SAVR bioprostheses
up to 5 years.

5-y Cumulative incidence rate of SVD

6_
R HR, 0.46; 95% Cl, 0.27-0.78; P=.004
g 31 4.38%
()
T 4
(9]
£
g 34
E Surgery RCT (n=971) 2.20%
S 24
£
>
() 1 -
g TAVIRCT (n=1128)
o ogl—T

0 1 2 3 4 5
Time postprocedure, y

Figure 1 Five-year cumulative incidence rate of structural

valve degeneration (SVD) in patients randomized to surgery or
transcatheter aortic valve replacement (TAVI) from post hoc
analysis pooled data from the CoreValve US High Risk Pivotal
(n=615) and SURTAVI (n = 1484) randomized clinical trials (RCTs).
Reproduced with permission from JAMA Cardiol. Copyright©2023
American Medical Association. All rights reserved.”®

IMPLICATIONS OF AORTIC STENOSIS LIFETIME
STRATEGY IN THE YOUNG

When approaching young patients with aortic stenosis
whose life expectancy exceeds the anticipated durability
of a valve prosthesis, with more than one reintervention
anticipated during their lifetime, the heart team should
discuss the impact of the index intervention on future
therapeutic options. Instead of generalizing one strategy
for all, a patient-tailored approach should be pursued,
including choosing the projected sequence of procedures
between TAVI and SAVR based on the predicted aspects
of the patient (life expectancy, comorbidities), anatomy
(aortic root size, height of coronary ostia), the presence of
coronary artery disease, anticipated valve characteristics
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(SVD and durability), technical considerations (need for
TAVI explant, risk of coronary obstruction on redo-TAVI)
and the operator experience.*”

CONCLUSIONS

With expanding utilization of TAVI to intermediate- and
low-risk young populations with severe AS and longer
life expectancy, long-term outcomes and durability data
of TAVI bioprostheses are eagerly awaited. This review
narrates the promising long-term clinical and functional
outcomes of pivotal TAVI RCTs across all risk profiles. As
the average complexity of the TAVI patient decreases, the
clinical and procedural complications are likely to recede
with newer iterations of THVs. Also, the available literature
for durability and SVD thus far confirms that THVs are not
only comparable to but may also outperform their surgical
counterparts at a mid-term follow-up of up to 5 years.
However, that finding may or may not be sustained at the
long-term follow-up beyond a decade post-TAVI. Therefore,
the 10-year follow-up of the low-risk randomized trials
(Evolut Low Risk and PARTNER 3) will provide more
conclusive data regarding the durability of THVs compared
with surgical bioprostheses. Future studies should adhere
to the standardized definitions of SVD and bioprosthetic
valve failure when reporting valve-related outcomes.

KEY POINTS

 Transcatheter aortic valve implantation (TAVI) is an
established treatment for elderly patients with severe
symptomatic aortic stenosis across all surgical risk profiles.

* Growing evidence from the landmark TAVI trials confirms
the comparable mid- to long-term (= 5 years) clinical
and functional outcomes across all risk categories in
elderly patients.

*  With the expanded use of TAVI in young and low-risk
cohorts, it is critical to assess the long-term durability
of TAVI before its unrestricted use and before engaging
in shared decision-making.

* The use of standardized definitions of structural valve
dysfunction should be encouraged to compare the
long-term performance of TAVI and surgical aortic
valve repair bioprostheses using morphological and
hemodynamic parameters.

* TAVI long-term durability data is limited, yet the
existing data from randomized clinical trials endorses
non-inferior and, in the case of self-expandable
transcatheter heart valves, superior durability compared
with the surgical bioprostheses at mid-term follow-up.

22

CME CREDIT OPPORTUNITY

Houston Methodist is accredited by the Accreditation
Council for Continuing Medical Education (ACCME) to
provide continuing medical education for physicians.

Houston Methodist designates this Journal-based CME
activity for a maximum of 1 AMA PRA Category 1 Credit™.
Physicians should claim only the credit commensurate
with the extent of their participation in the activity.

Click to earn CME credit: learn.houstonmethodist.org/
MDCVJ-19.3.

COMPETING INTERESTS

Sachin Goel is on the Speaker’s Bureau for Abbott
Structural Heart and consults for Medtronic and W. L. Gore
& Associates. Neil Kleiman is a local principal investigator
in trials sponsored by Boston Scientific, Medtronic, Abbott,
and Edwards Lifesciences. Michael Reardon is a consultant
for Medtronic, Boston Scientific, Abbott and W. L. Gore &
Associates. Parth Desai has no competing interests to
declare.

AUTHOR AFFILIATIONS

Parth V. Desai, MD, MSc ") orcid.org/0000-0002-1302-0866
Loyola University Medical Center, Maywood, Illinois, US
Sachin S. Goel, MD " orcid.org/0000-0001-6041-3876
Houston Methodist DeBakey Heart & Vascular Center, Houston
Methodist Hospital, Houston, Texas, US

Neal S. Kleiman, MD orcid.org/OOOO—OOOZ—4334—8133
Houston Methodist DeBakey Heart & Vascular Center, Houston
Methodist Hospital, Houston, Texas, US

Michael J. Reardon, MD = orcid.org/0000-0002-2880-6132
Houston Methodist DeBakey Heart & Vascular Center, Houston
Methodist Hospital, Houston, Texas, US

REFERENCES

1. Mack MJ, Leon MB, Thourani VH, et al. Transcatheter Aortic-
Valve Replacement with a Balloon-Expandable Valve in
Low-Risk Patients. N Engl J Med. 2019 May 2;380(18):1695-
1705. doi: 10.1056/NEJMoa1814052

2. Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter Aortic-
Valve Replacement with a Self-Expanding Valve in Low-Risk
Patients. N Engl J Med. 2019 May 2;380(18):1706-1715. doi:
10.1056/NEJM0a1816885

3. Otto CM, Nishimura RA, Bonow RO, et al.; Writing Committee
Members. 2020 ACC/AHA Guideline for the Management of
Patients With Valvular Heart Disease: A Report of the American


https://learn.houstonmethodist.org/MDCVJ-19.3
https://learn.houstonmethodist.org/MDCVJ-19.3
https://orcid.org/0000-0002-1302-0866
https://orcid.org/0000-0002-1302-0866
https://orcid.org/0000-0001-6041-3876
https://orcid.org/0000-0001-6041-3876
https://orcid.org/0000-0002-4334-8133

https://orcid.org/0000-0002-4334-8133

https://orcid.org/0000-0002-2880-6132
https://orcid.org/0000-0002-2880-6132
https://doi.org/10.1056/NEJMoa1814052
https://doi.org/10.1056/NEJMoa1816885

Desai et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1201

College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. J Am Coll Cardiol.
2021 Feb 2;77(4):e25-e197. doi: 10.1016/}.jacc.2020.11.018

4. Otto CM, Kumbhani DJ, Alexander KP, et al. 2017 ACC Expert
Consensus Decision Pathway for Transcatheter Aortic Valve
Replacement in the Management of Adults With Aortic
Stenosis: A Report of the American College of Cardiology Task
Force on Clinical Expert Consensus Documents. J Am Coll Cardiol.
2017 Mar 14;69(10):1313-1346. doi: 10.1016/j.jacc.2016.12.006

5.  Khan AA, Murtaza G, Khalid MF, Khattak F. Risk
Stratification for Transcatheter Aortic Valve Replacement.
Cardiol Res. 2019 Dec;10(6):323-330. doi: 10.14740/cr966

6. Barbash IM, Waksman R. Overview of the 2011 Food and
Drug Administration Circulatory System Devices Panel of the
Medical Devices Advisory Committee Meeting on the Edwards
SAPIEN™ transcatheter heart valve. Circulation. 2012 Jan
24;125(3):550-5. doi: 10.1161/CIRCULATIONAHA.111.059873

7. Leon MB, Smith CR, Mack M, et al. Transcatheter aortic-
valve implantation for aortic stenosis in patients who cannot
undergo surgery. N Engl J Med. 2010 Oct 21;363(17):1597-
607. doi: 10.1056/NEJM0a1008232

8. Kapadia SR, Leon MB, Makkar RR, et al. 5-year outcomes
of transcatheter aortic valve replacement compared with
standard treatment for patients with inoperable aortic stenosis
(PARTNER 1): a randomised controlled trial. Lancet. 2015 Jun
20;385(9986):2485-91. doi: 10.1016/S0140-6736(15)60290-2

9. Arnold SV, Petrossian G, Reardon MJ, et al. Five-
Year Clinical and Quality of Life Outcomes From the
CoreValve US Pivotal Extreme Risk Trial. Circ Cardiovasc
Interv. 2021 Jun;14(6):e010258. doi: 10.1161/
CIRCINTERVENTIONS.120.010258

10. Mack MJ, Leon MB, Smith CR, et al. 5-year outcomes of
transcatheter aortic valve replacement or surgical aortic valve
replacement for high surgical risk patients with aortic stenosis
(PARTNER 1): a randomised controlled trial. Lancet. 2015 Jun
20;385(9986):2477-84. doi: 10.1016/S0140-6736(15)60308-7

11. Gleason TG, Reardon MJ, Popma JJ, et al. 5-Year Outcomes
of Self-Expanding Transcatheter Versus Surgical Aortic Valve
Replacement in High-Risk Patients. J Am Coll Cardiol. 2018
Dec 4;72(22):2687-2696. doi: 10.1016/j.jacc.2018.08.2146

12. Leon MB, Smith CR, Mack MJ, et al. Transcatheter or Surgical
Aortic-Valve Replacement in Intermediate-Risk Patients. N
Engl J Med. 2016 Apr 28;374(17):1609-20. doi: 10.1056/
NEJMoal514616

13. Reardon MJ, Van Mieghem NM, Popma JJ, et al. Surgical or
Transcatheter Aortic-Valve Replacement in Intermediate-Risk
Patients. N Engl J Med. 2017 Apr 6;376(14):1321-1331. doi:
10.1056/NEJMoa1700456

14. Makkar RR, Thourani VH, Mack MJ, et al. Five-Year
Outcomes of Transcatheter or Surgical Aortic-Valve
Replacement. N Engl J Med. 2020 Jan 29;382(9):799-809.
doi: 10.1056/NEJM0a1910555

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

23

Tctmd.com [Internet]. Beverly Hills, CA: Cardiovascular
Research Foundation; c2023. Kodali S. Sapien 3 TAVR versus
surgery in intermediate-risk patients: a propensity score-
matched analysis of 5-year outcomes; 2020 Jun 21 [cited
2023 Apr 26]. Available from: https://www.tctmd.com/
slide/sapien-3-transcatheter-aortic-valve-replacement-
compared-surgery-intermediate-risk-patients-0

Van Mieghem NM, Deeb GM, Sgndergaard L, et al.
Self-expanding Transcatheter vs Surgical Aortic Valve
Replacement in Intermediate-Risk Patients: 5-Year
Outcomes of the SURTAVI Randomized Clinical Trial. JAMA
Cardiol. 2022 Oct 1;7(10):1000-1008. doi: 10.1001/
jamacardio.2022.2695

Leon MB, Mack MJ, Hahn RT, et al. Outcomes 2 Years After
Transcatheter Aortic Valve Replacement in Patients at Low
Surgical Risk. J Am Coll Cardiol. 2021 Mar 9;77(9):1149-1161.
doi: 10.1016/j.jacc.2020.12.052

Forrest JK, Deeb GM, Yakubov SJ, et al. Three-Year
Outcomes After Transcatheter or Surgical Aortic Valve
Replacement in Low-Risk Patients with Aortic Stenosis. J

Am Coll Cardiol. 2023 Feb 24;50735-1097(23)00411-4. doi:
10.1016/j.jacc.2023.02.017

Jorgensen TH, Thyregod HGH, Thlemann N, et al. Eight-
year outcomes for patients with gortic valve stenosis at low
surgical risk randomized to transcatheter vs. surgical aortic
valve replacement. Eur Heart J. 2021 Aug 7;42(30):2912-
2919. doi: 10.1093/eurheartj/ehab375

Chan V, Malas T, Lapierre H, et al. Reoperation of left

heart valve bioprostheses according to age at implantation.
Circulation. 2011 Sep 13;124(11 Suppl):S75-80. doi: 10.1161/
CIRCULATIONAHA.110.011973

Etnel JRG, Huygens SA, Grashuis P, et al. Bioprosthetic
Aortic Valve Replacement in Nonelderly Adults: A Systematic
Review, Meta-Analysis, Microsimulation. Circ Cardiovasc
Qual Outcomes. 2019 Feb;12(2):e005481. doi: 10.1161/
CIRCOUTCOMES.118.005481

Huygens SA, Mokhles MM, Hanif M, et al. Contemporary
outcomes after surgical aortic valve replacement with
bioprostheses and allografts: a systematic review and meta-
analysis. Eur J Cardiothorac Surg. 2016 Oct;50(4):605-616.
doi: 10.1093/ejcts/ezw101

Manji RA, Menkis AH, Ekser B, Cooper DKC. The future of
bioprosthetic heart valves. Indian J Med Res. 2012;135(2):150-1
Xue Y, Kossar AP, Abramov A, et al. Age-related enhanced
degeneration of bioprosthetic valves due to leaflet calcification,
tissue crosslinking, and structural changes. Cardiovasc Res.
2023 Mar 17;119(1):302-315. doi: 10.1093/cvr/cvac002
Brennan JM, Edwards FH, Zhao Y, et al.; Developing
Evidence to Inform Decisions About Effectiveness-Aortic
Valve Replacement (DECIDE AVR) Research Team. Long-term
survival after aortic valve replacement among high-risk
elderly patients in the United States: insights from the


https://doi.org/10.1016/j.jacc.2020.11.018
https://doi.org/10.1016/j.jacc.2016.12.006
https://doi.org/10.14740/cr966
https://doi.org/10.1161/CIRCULATIONAHA.111.059873
https://doi.org/10.1056/NEJMoa1008232
https://doi.org/10.1016/S0140-6736(15)60290-2
https://doi.org/10.1161/CIRCINTERVENTIONS.120.010258
https://doi.org/10.1161/CIRCINTERVENTIONS.120.010258
https://doi.org/10.1016/S0140-6736(15)60308-7
https://doi.org/10.1016/j.jacc.2018.08.2146
https://doi.org/10.1056/NEJMoa1514616
https://doi.org/10.1056/NEJMoa1514616
https://doi.org/10.1056/NEJMoa1700456
https://doi.org/10.1056/NEJMoa1910555
https://www.tctmd.com/slide/sapien-3-transcatheter-aortic-valve-replacement-compared-surgery-intermediate-risk-patients-0
https://www.tctmd.com/slide/sapien-3-transcatheter-aortic-valve-replacement-compared-surgery-intermediate-risk-patients-0
https://www.tctmd.com/slide/sapien-3-transcatheter-aortic-valve-replacement-compared-surgery-intermediate-risk-patients-0
https://doi.org/10.1001/jamacardio.2022.2695
https://doi.org/10.1001/jamacardio.2022.2695
https://doi.org/10.1016/j.jacc.2020.12.052
https://doi.org/10.1016/j.jacc.2023.02.017
https://doi.org/10.1093/eurheartj/ehab375
https://doi.org/10.1161/CIRCULATIONAHA.110.011973
https://doi.org/10.1161/CIRCULATIONAHA.110.011973
https://doi.org/10.1161/CIRCOUTCOMES.118.005481
https://doi.org/10.1161/CIRCOUTCOMES.118.005481
https://doi.org/10.1093/ejcts/ezw101
https://doi.org/10.1093/cvr/cvac002

Desai et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1201

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Society of Thoracic Surgeons Adult Cardiac Surgery Database,
1991 to 2007. Circulation. 2012 Sep 25;126(13):1621-9. doi:
10.1161/CIRCULATIONAHA.112.091371

Rodriguez-Gabella T, Voisine P, Puri R, Pibarot P, Rodés-
Cabau J. Aortic Bioprosthetic Valve Durability: Incidence,
Mechanisms, Predictors, and Management of Surgical and
Transcatheter Valve Degeneration. J Am Coll Cardiol. 2017
Aug 22;70(8):1013-1028. doi: 10.1016/}.jacc.2017.07.715
Mylotte D, Andalib A, Thériault-Lauzier P, et al. Transcatheter
heart valve failure: a systematic review. Eur Heart J. 2015 Jun
1;36(21):1306-27. doi: 10.1093/eurheartj/ehu388

Costa G, Criscione E, Todaro D, Tamburino C, Barbanti

M. Long-term Transcatheter Aortic Valve Durability. Interv
Cardiol. 2019 May 21;14(2):62-69. doi: 10.15420/icr.2019.4.2
Barbanti M, Tamburino C. Late degeneration of transcatheter
aortic valves: pathogenesis and management. Eurolntervention.
2016 Sep 18;12(Y):Y33-6. doi: 10.4244/E1JV12SYAS

Puri R, Auffret V, Rodés-Cabau J. Bioprosthetic Valve
Thrombosis. J Am Coll Cardiol. 2017 May 2;69(17):2193-2211.
doi: 10.1016/j.jacc.2017.02.051

Chakravarty T, Sendergaard L, Friedman J, et al.

Subclinical leaflet thrombosis in surgical and transcatheter
bioprosthetic aortic valves: an observational study. Lancet.
2017 Jun 17;389(10087):2383-2392. doi: 10.1016/S0140-
6736(17)30757-2

Makkar RR, Blanke P, Leipsic J, et al. Subclinical Leaflet
Thrombosis in Transcatheter and Surgical Bioprosthetic
Valves: PARTNER 3 Cardiac Computed Tomography Substudy.
J Am Coll Cardiol. 2020 Jun 23;75(24):3003-3015. doi:
10.1016/j.jacc.2020.04.043

Blanke P, Leipsic JA, Popma JJ, et al. Bioprosthetic Aortic
Valve Leaflet Thickening in the Evolut Low Risk Sub-Study.

J Am Coll Cardiol. 2020 May 19;75(19):2430-2442. doi:
10.1016/j.jacc.2020.03.022

Christ T, Claus B, Borck R, Konertz W, Grubitzsch H. The

St. Jude Toronto stentless bioprosthesis: up to 20 years
follow-up in younger patients. Heart Surg Forum. 2015 Aug
30;18(4):E129-33. doi: 10.1532/hsf.1252

David TE, Feindel CM, Bos J, Ivanov J, Armstrong S. Aortic
valve replacement with Toronto SPV bioprosthesis: optimal
patient survival but suboptimal valve durability. J Thorac
Cardiovasc Surg. 2008 Jan;135(1):19-24. doi: 10.1016/j.
jtcvs.2007.04.068

Bach DS, Kon ND. Long-term clinical outcomes 15 years after
aortic valve replacement with the Freestyle stentless aortic
bioprosthesis. Ann Thorac Surg. 2014 Feb;97(2):544-51. doi:
10.1016/j.athoracsur.2013.08.047

Martinsson A, Nielsen SJ, Milojevic M, et al. Life Expectancy
After Surgical Aortic Valve Replacement. J Am Coll Cardiol. 2021
Nov 30;78(22):2147-2157. doi: 10.1016/j.jacc.2021.09.861
Salaun E, Clavel MA, Rodés-Cabau J, Pibarot P. Bioprosthetic
aortic valve durability in the era of transcatheter aortic valve

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

24

implantation. Heart. 2018 Aug;104(16):1323-1332. doi:
10.1136/heartjnl-2017-311582

Fatima B, Mohananey D, Khan FW, et al. Durability Data

for Bioprosthetic Surgical Aortic Valve: A Systematic

Review. JAMA Cardiol. 2019 Jan 1;4(1):71-80. doi: 10.1001/
jamacardio.2018.4045

Forcillo J, Pellerin M, Perrault LP, et al. Carpentier-Edwards
pericardial valve in the aortic position: 25-years experience.
Ann Thorac Surg. 2013 Aug;96(2):486-93. doi: 10.1016/j.
athoracsur.2013.03.032

Bourguignon T, El Khoury R, Candolfi P, et al. Very Long-
Term Outcomes of the Carpentier-Edwards Perimount Aortic
Valve in Patients Aged 60 or Younger. Ann Thorac Surg. 2015
Sep;100(3):853-9. doi: 10.1016/j.athoracsur.2015.03.105
Yankah CA, Pasic M, Musci M, et al. Aortic valve replacement
with the Mitroflow pericardial bioprosthesis: durability
results up to 21 years. J Thorac Cardiovasc Surg. 2008
Sep;136(3):688-96. doi: 10.1016/).jtcvs.2008.05.022

Mykén PSU, Bech-Hansen O. A 20-year experience of 1712
patients with the Biocor porcine bioprosthesis. J Thorac
Cardiovasc Surg. 2009 Jan;137(1):76-81. doi: 10.1016/.
jtcvs.2008.05.068

Guenzinger R, Fiegl K, Wottke M, Lange RS. Twenty-
Seven-Year Experience With the St. Jude Medical Biocor
Bioprosthesis in the Aortic Position. Ann Thorac Surg. 2015
Dec;100(6):2220-6. doi: 10.1016/j.athoracsur.2015.06.027
Sénage T, Le Tourneau T, Foucher Y, et al. Early structural
valve deterioration of Mitroflow aortic bioprosthesis: mode,
incidence, and impact on outcome in a large cohort of
patients. Circulation. 2014 Dec 2;130(23):2012-2020. doi:
10.1161/CIRCULATIONAHA.114.010400

Kalra A, Rehman H, Ramchandani M, et al. Early Trifecta
valve failure: Report of a cluster of cases from a tertiary

care referral center. J Thorac Cardiovasc Surg. 2017
Oct;154(4):1235-1240. doi: 10.1016/j.jtcvs.2017.05.044
Capodanno D, Petronio AS, Prendergast B, et al. S 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 Dec 1;38(45):3382-3390. doi: 10.1093/eurheartj/ehx303
Dvir D, Bourguignon T, Otto CM, et al. Standardized

Definition of Structural Valve Degeneration for Surgical and
Transcatheter Bioprosthetic Aortic Valves. Circulation. 2018 Jan
23;137(4):388-399. doi: 10.1161/CIRCULATIONAHA.117.030729
VARC-3 WRITING COMMITTEE, Généreux P, Piazza N, et al.
Valve Academic Research Consortium 3: updated endpoint
definitions for aortic valve clinical research. Eur Heart J. 2021
May 14;42(19):1825-1857. doi: 10.1093/eurheartj/ehaa799
Pibarot P, Ternacle J, Jaber WA, et al. Structural
Deterioration of Transcatheter Versus Surgical Aortic Valve


https://doi.org/10.1161/CIRCULATIONAHA.112.091371
https://doi.org/10.1016/j.jacc.2017.07.715
https://doi.org/10.1093/eurheartj/ehu388
https://doi.org/10.15420/icr.2019.4.2
https://doi.org/10.4244/EIJV12SYA8
https://doi.org/10.1016/j.jacc.2017.02.051
https://doi.org/10.1016/S0140-6736(17)30757-2
https://doi.org/10.1016/S0140-6736(17)30757-2
https://doi.org/10.1016/j.jacc.2020.04.043
https://doi.org/10.1016/j.jacc.2020.03.022
https://doi.org/10.1532/hsf.1252
https://doi.org/10.1016/j.jtcvs.2007.04.068
https://doi.org/10.1016/j.jtcvs.2007.04.068
https://doi.org/10.1016/j.athoracsur.2013.08.047
https://doi.org/10.1016/j.jacc.2021.09.861
https://doi.org/10.1136/heartjnl-2017-311582
https://doi.org/10.1001/jamacardio.2018.4045
https://doi.org/10.1001/jamacardio.2018.4045
https://doi.org/10.1016/j.athoracsur.2013.03.032
https://doi.org/10.1016/j.athoracsur.2013.03.032
https://doi.org/10.1016/j.athoracsur.2015.03.105
https://doi.org/10.1016/j.jtcvs.2008.05.022
https://doi.org/10.1016/j.jtcvs.2008.05.068
https://doi.org/10.1016/j.jtcvs.2008.05.068
https://doi.org/10.1016/j.athoracsur.2015.06.027
https://doi.org/10.1161/CIRCULATIONAHA.114.010400
https://doi.org/10.1016/j.jtcvs.2017.05.044
https://doi.org/10.1093/eurheartj/ehx303
https://doi.org/10.1161/CIRCULATIONAHA.117.030729
https://doi.org/10.1093/eurheartj/ehaa799

Desai et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1201

51.

52.

53.

54.

55.

Bioprostheses in the PARTNER-2 Trial. J Am Coll Cardiol.
2020;76(16):1830-1843. doi: 10.1016/j.jacc.2020.08.049
Salaun E, Mahjoub H, Girerd N, et al. Rate, Timing, Correlates,
and Outcomes of Hemodynamic Valve Deterioration

After Bioprosthetic Surgical Aortic Valve Replacement.
Circulation. 2018 Sep 4;138(10):971-985. doi: 10.1161/
CIRCULATIONAHA.118.035150

Salaun E, Mahjoub H, Dahou A, et al. Hemodynamic
Deterioration of Surgically Implanted Bioprosthetic Aortic
Valves. J Am Coll Cardiol. 2018 Jul 17;72(3):241-251. doi:
10.1016/j.jacc.2018.04.064

Didier R, Eltchaninoff H, Donzeau-Gouge P, et al.

Five-Year Clinical Outcome and Valve Durability After
Transcatheter Aortic Valve Replacement in High-Risk Patients.
Circulation. 2018 Dec 4;138(23):2597-2607. doi: 10.1161/
CIRCULATIONAHA.118.036866

Blackman DJ, Saraf S, MacCarthy PA, et al. Long-Term
Durability of Transcatheter Aortic Valve Prostheses. J Am

Coll Cardiol. 2019 Feb 12;73(5):537-545. doi: 10.1016/].
jacc.2018.10.078

Durand E, Sokoloff A, Urena-Alcazar M, et al. Assessment
of Long-Term Structural Deterioration of Transcatheter Aortic

56.

57.

58.

59.

25

Bioprosthetic Valves Using the New European Definition. Circ
Cardiovasc Interv. 2019 Apr;12(4):e007597. doi: 10.1161/
CIRCINTERVENTIONS.118.007597

Sendergaard L, Thlemann N, Capodanno D, et al.

Durability of Transcatheter and Surgical Bioprosthetic

Aortic Valves in Patients at Lower Surgical Risk. J Am

Coll Cardiol. 2019 Feb 12;73(5):546-553. doi: 10.1016/j.
jacc.2018.10.083

Richter I, Thiele H, Abdel-Wahab M. Durability of
Transcatheter Heart Valves: Standardized Definitions and
Available Data. J Clin Med Res. 2021 Sep 16;10(18):4180.
doi: 10.3390/jcm 10184180

O’Hair D, Yakubov SJ, Grubb KJ, et al. Structural Valve
Deterioration After Self-Expanding Transcatheter or Surgical
Aortic Valve Implantation in Patients at Intermediate or High
Risk. JAMA Cardiol. 2023 Feb 1;8(2):111-119. doi: 10.1001/
jamacardio.2022.4627

Russo G, Tang GHL, Sangiorgi G, et al. Lifetime
Management of Aortic Stenosis: Transcatheter Versus
Surgical Treatment for Young and Low-Risk Patients. Circ
Cardiovasc Interv. 2022 Nov;15(11):915-927. doi: 10.1161/
CIRCINTERVENTIONS.122.012388

TO CITE THIS ARTICLE:
Desai PV, Goel SS, Kleiman NS, Reardon MJ. Transcatheter Aortic Valve Implantation: Long-Term Outcomes and Durability. Methodist
DeBakey Cardiovasc J. 2023;19(3):15-25. doi: 10.14797/mdcvj.1201

Submitted: 24 March 2023 Accepted: 27 April 2023

COPYRIGHT:
© 2023 The Author(s). This is an open-access article distributed under the terms of the Attribution-NonCommercial 4.0 International
(CC BY-NC 4.0), which permits unrestricted use, distribution, and reproduction in any noncommercial medium, provided the original
author and source are credited. See https://creativecommons.org/licenses/by-nc/4.0/.

Published: 16 May 2023

Methodist DeBakey Cardiovascular Journal is a peer-reviewed open access journal published by Houston Methodist DeBakey Heart &
Vascular Center.

HOUSTON

Methalist

DEBAKEY HEART &
VASCULAR CENTER


https://doi.org/10.14797/mdcvj.1201
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.jacc.2020.08.049
https://doi.org/10.1161/CIRCULATIONAHA.118.035150
https://doi.org/10.1161/CIRCULATIONAHA.118.035150
https://doi.org/10.1016/j.jacc.2018.04.064
https://doi.org/10.1161/CIRCULATIONAHA.118.036866
https://doi.org/10.1161/CIRCULATIONAHA.118.036866
https://doi.org/10.1016/j.jacc.2018.10.078
https://doi.org/10.1016/j.jacc.2018.10.078
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007597
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007597
https://doi.org/10.1016/j.jacc.2018.10.083
https://doi.org/10.1016/j.jacc.2018.10.083
https://doi.org/10.3390/jcm10184180
https://doi.org/10.1001/jamacardio.2022.4627
https://doi.org/10.1001/jamacardio.2022.4627
https://doi.org/10.1161/CIRCINTERVENTIONS.122.012388
https://doi.org/10.1161/CIRCINTERVENTIONS.122.012388

