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ABSTRACT

The landscape of aortic valve replacement has evolved rapidly and significantly in the past decade as Transcatheter Aortic Valve
Replacement (TAVR) has proven to be as safe and effective as traditional open-heart surgery for low, intermediate and high-risk patients.
Not only has TAVR volume increased substantially in the past few years, this newer technology seems to have influenced fundamental
characteristics of how traditional Surgical Aortic Valve Replacement (SAVR) is performed, most notably the type of valve used. A
retrospective review of data from almost one hundred hospital members of the Vizient Clinical Data Base across the United States
examined the trend in type of surgical valve selected for patients undergoing SAVR. The data reveals a significant increase in the usage
of bioprosthetic valves as compared to mechanical valves, with trends mimicking those of FDA approvals for expanded use of TAVR.
Additionally, the emergence of the Heart Team, which is a cornerstone of TAVR programs, may have played a vital role in longitudinal
care planning for this patient population. This supports the establishment and centralization of comprehensive valve centers, which
encourage shared decision-making, and provides patients with safer outcomes and better longitudinal planning from providers.
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ABBREVIATIONS

SAVR: Surgical Aortic Valve Replacement; TAVR: Transcatheter
Aortic Valve Replacement; AVR: Aortic Valve Replacement; VIV:
Valve-In-Valve

INTRODUCTION

Aortic valve replacement therapy has evolved substantially over
the past decade as Transcatheter Aortic Valve Replacement (TAVR)
has proven to be as safe and effective as traditional open-heart surgery
for low, intermediate, and high-risk patients [1-3]. While Surgical
Aortic Valve Replacement (SAVR) has historically been considered
the gold standard for aortic valve replacement, the number of TAVR
sites has more than quadrupled since the first FDA approval in 2012
with the number of annual TAVR procedures now surpassing SAVR
procedures [4]. Perhaps one of the most prominent and emerging
trends in AVR is the type of valve utilized, whether mechanical or
bioprosthetic.

There are distinct differences between mechanical and
bioprosthetic valves (Table 1). Mechanical valves can only be placed
surgically, are highly durable and are expected to last for the entire
span of the patient’s life. For decades, cardiologists and surgeons have
acknowledged the superiority of a mechanical valve, pointing to its
durability [5-7]. This is particularly important for younger patients
as evidenced by the 2017 AHA/ACC Guidelines [8], which states
that mechanical valves are reasonable for patients 50 years of age,
and bioprosthetic valves are reasonable for those above 70 years of
age or who cannot tolerate lifetime use of an anticoagulant, as well
as the European Guidelines [9] which state that mechanical valves
should be considered in those patients less than 65 years of age and

bioprosthetic valves are reasonable for those aged 65 years and above.

Table 1: Comparison of mechanical vs biologic valve characteristics.

Mechanical Valve Bioprosthetic Valve

Compatible

SAVR or TAVR
Procedure

SAVR only

Replacement every 10-15

Valve Durability years

Likely to last a lifetime

Targeted Age Group | Generally < 60 years Generally 2 70 years

Use of
Anticoagulation

Daily lifelong

) ) Not needed
anticoagulation

Often needed (especially
in younger patients); Can
support a subsequent valve-
in-valve (VIV) replacement

Subsequent

Not needed
Procedures
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While historically considered the gold standard, mechanical valves
also require lifetime use of an anticoagulant, which can cause issues
later in a patient’s life if bleeding or comorbidities develop.

A Dbioprosthetic valve, on the other hand, can be used in
either SAVR or TAVR procedures and does not require use of an
anticoagulant, although the durability is limited [10]. Bioprosthetic
valves have a lifespan of 10 to 15 years, so subsequent procedures
may be necessary, particularly when used in younger patients.
Additionally, bioprosthetic valves allow for a subsequent valve to be
placed; a type of TAVR procedure known as a Valve-In-Valve (VIV).
TAVR VIV have been shown to have good short term and long-term
outcomes [11,12].

As TAVR programs and volumes continue to increase, key
characteristics of these programs seem to be reshaping the SAVR
landscape, specifically which type of surgical valve is implanted.
Hospitals that perform TAVR are required to have the necessary
infrastructure to provide SAVR. Conversely, as of 2019, only 64% of
hospitals that perform SAVR also have a TAVR program [13]. TAVR
programs have their own infrastructure requirements, most notably a
Heart Team, which is a multidisciplinary clinical care team comprised
of interventional cardiologists, cardiac surgeons and a nurse valve
coordinator. Other specialists, including anesthesiologists, advanced
practice providers and cardiac imagers, are often a part of this team.

Surgeons who participate in TAVR as part of the multidisciplinary
heart team have become accustomed to discussing a broader range of
therapeutic options and collaborating with structural interventional
cardiologists to consider the staging of procedures. For example, a
58-year-old patient in need of an AVR could receive a mechanical
heart valve that will last her entire life; however, she will also need
to take an anticoagulant indefinitely. Alternatively, this same
patient could receive a bioprosthetic valve and avoid having to take
an anticoagulant, as well as the associated side effects. While this
approach will likely require the patient to have the valve replaced in
10 to 15 years, it can be replaced as a planned TAVR VIV. This is only
possible when a bioprosthetic valve (preferably greater than 21 mm)
is used for the initial SAVR and when this longer-term planning is
conducted in partnership with the surgeon, structural interventional
cardiologist, and patient.

Surgeons without TAVR experience and Heart Team
involvement may have placed a mechanical valve, or perhaps a
smaller biologic valve (19-21mm), not fully understanding the long-
term implications. Given the integral role that surgeons play in TAVR
programs, we hypothesize that the growth and expansion of TAVR
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across the United States has influenced the valve selection preferences
of surgeons performing SAVR, resulting in a substantial increase in
usage of bioprosthetic valves.

MATERIALS AND METHODS

To understand whether the emergence of TAVR has guided
surgeon valve selection for SAVR, we conducted a ten-year
retrospective study from 91 hospital members of the Vizient Clinical
Data Base. Data from 2010 to 2019 was compiled and the percentage
of bioprosthetic versus mechanical valves was compared [14]. This
data was then compared to programmatic growth across the U.S., as
well as milestone FDA approvals for TAVR over the same period of
time.

RESULTS

Analysis of the data revealed an overall statistically significant
increase in bioprosthetic valve usage for SAVR from 2010 to 2019
with a p-value < 0.05 (Table 2) [10]. From 2010 to 2014, 69% of
valves implanted were bioprosthetic. In 2015, this rate increased
significantly to 76%, and in 2016, an additional increase occurred and
both were statistically significant with a p-value < 0.05. From 2016
to 2019, the rate of bioprosthetic valve use remained steady between
82% and 83%. Figure 1 illustrates the relationship between the usage
of bioprosthetic valves for SAVR, the number of TAVR program sites
in the United States according to the TVT registry, and key milestones
in TAVR FDA approvals.

Table 2: 2010-2019 vizient SAVR valve utilization rates; STS/TVT number of SAVR and TAVR sites in the U.S; Key TAVR FDA-approval milestones.
Bioprosthetic % # Commercial
% Mechanical % Bioprosthetic # SAVR Sites  TAVR Sites
Y Ch fi Prior TAVR Sites in th Key TAVR Milest:
3" SAVRValves SAVR Valves LR e fesinie  intheus. as % SAVR . flestones
Year u.s.
2010 31.2% 68.8% 1,014 Publication of the Partner | Trial (Cohort A)
2011 30.9% 69.1% 0.4% 1,032 Publication of the Partner Il Trial (Cohort B)
FDA | of the Sapi Ive for high-
2012 30.9% 69.1% 0.1% 156 1,041 15% approvatotine sapien valve forhig
risk, inoperable patients
2013 31.0% 69.0% -0.2% 252 1,053 24%
FDA | of the C Ive for high-risk,
2014 30.6% 69.4% 0.6% 348 1,057 33% approvat ot fne Luorevalve for high-risk,
inoperable patients
2015 27.0% 73.0% 5.3% 400 1,066 38%
Publication of the Partner Il Cohort A; FDA
2016 17.8% 82.2% 12.5% 485 1,119 43% expands indication of intermediate patients
for the Sapien valve
Publication of the SURTAVI Trial; FDA
indication fi Ive fi
2017 16.7% 83.3% 1.3% 550 1,119 499 ~  ©xpandsindication for Corevalve for
intermediate patients, and for Sapien 3 valve
in aortic and mitral VIV patients
2018 17.6% 82.4% -1.0% 601 1,111 54%
2019 18.2% 81.8% -0.7% 668 1,051 64%
Bioprosthetic SAVR Valve Utilization and TAVR Program Growth
# TAVR Sites in the U.5. —-% Bioprosthetic SAVR Valves
100% T00
2016: Publication of the
Partner Il Cohort A; 600
FDA expands indication of
o 0% intermediate patients for
f, the Sapien valve
= 500 v
‘é 2014: FDAapproval of i
W the Corevalve for high- s
§ 80P risk inoperable =
- 2012: FDA approval patients o 400§
@ of the Sapien valve 2017: Publication of the =
5 for high-risk, SURTAVI Trial; FDA expands %
% inoperable p.'llil;.nls indication for Corevalve for =
=4 intermediate patients, and for Fo300
a 0% — —{i— Sapien 3 valve in aortic and
mitral VIV patients
200
GO%
100
500 o
o 1 amz 03 m4a ms ma m7 208 msa
Figure 1: 2010-2019 vizient SAVR valve utilization rates; STS/TVT number of SAVR and TAVR sites in the U.S; Key TAVR FDA-approval milestones.
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DISCUSSION

Bioprosthetic SAVR valves have been available and in use for
decades without significant changes to the technology, durability or
clinical indications. However, as the data demonstrates, there is an
increasing trend in use of bioprosthetic valves for SAVR that coincide
with expanded FDA approval for TAVR starting with high-risk
patients in 2012, intermediate-risk in 2016, and low-risk in 2019.

The establishment of a Heart Team in TAVR programs
has created an environment in which surgeons and structural
interventional cardiologists work together to develop individualized
care plans for patients being considered for TAVR. These teams
have increased communication and provide a more comprehensive
evaluation of the patient — considering multiple therapeutic options
including whether to recommend surgery or transcatheter placement
of the valve, and factors such as the type and size of valve. Surgeons
and interventional cardiologists increase their knowledge base and
familiarity of TAVR and VIV therapies, which may be leading to the
increase in bioprosthetic valve usage. The patient is also provided
multiple clinical perspectives leading to shared decision-making.

The data used in this study was limited to hospital members of
the Vizient Clinical Data Base in the United States, and member
hospitals are more likely to be academic medical centers. Further,
an Academic Medical Center may be more likely to have a TAVR
program. A more comprehensive evaluation of data from all medical
centers that perform SAVR is needed in order to validate trends and
generalize the information. Additionally, detailed patient-level data
was not examined in this study to review factors such as patient age,
annulus size, valve size, or whether the patient is able to tolerate an
anticoagulant. These additional factors would affect clinical decision-
making, and would therefore be expected to influence the study data.
Utilizing a more detailed and specific data set would allow for better
and more thorough analysis of the SAVR valve selection trends. We
would expect to see that patients receiving a mechanical valve to be
younger (<50) where a TAVR VIV would not get them the lifelong
longevity needed, whereas 50-70 year old low-risk patients with small
annuluses in the TAVR era would be receiving a bioprosthetic valve
that would allow for TAVR VIV when the valve deteriorates. Lastly,
no comparison group was utilized, as this was a retrospective study
looking only at hospital members of the Vizient Clinical Data Base.

CONCLUSION

Trends in SAVR valve selection over the past ten years
demonstrate a significant shift towards the usage of bioprosthetic
valves. While additional analysis is needed to address the study
limitations, the increased adoption of bioprosthetic valves coincides
with the expansion of TAVR programs and the emergence of the
multidisciplinary heart team.

Currently in the United States, more than one-third of the open-
heart cardiac programs do not offer TAVR. If a patient presents to
a SAVR-only hospital, his or her clinical options may be limited to
SAVR, as no TAVR evaluation is required. Given the clinical benefits
of bioprosthetic valves, data supports the use of a Heart Team for
patients in need of aortic valve replacement. For patients, having a
care team that offers a thorough assessment of options with decreased
procedural morbidity and mortality [15] should yield better and more
customized options with shared decision making that keeplong-term
consideration in mind. In this environment, patients are presented
with all options by a team of clinicians working together, and can
therefore make a better, more informed decision. Further, this data
may encourage the creation of comprehensive valve centers, which
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offer patients options for either TAVR or SAVR; thus eliminating
SAVR-only programs.
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