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Preamble

This multisocietal Expert Consensus Systems of Care document was commissioned by the
American Association for Thoracic Surgery (AATS), the American College of Cardiology
(ACC), the Society for Cardiovascular Angiography and Interventions (SCAI), and the Society of
Thoracic Surgeons (STS). Expert Consensus Systems of Care documents are intended to
summarize the position of these partnering organizations on the availability, delivery,

organization, and quality of cardiovascular care.

With the rapid evolution and dissemination of transcatheter aortic valve replacement (TAVR)
technology, it is imperative that the cardiovascular community work together to identify the
criteria for performing these procedures safely and successfully. Such criteria serve to guide both
practitioners and institutions in the development and maintenance of TAVR programs, in the
spirit of optimizing quality outcomes. The unique qualifications to participate in this field
comprise specific interventional skills, high-tech equipment, collaborative clinical management,

evolving approaches for alternative access, and multidisciplinary decision making.

The AATS, ACC, SCAL, and STS have joined together to provide recommendations for
institutions and individuals to assess their potential for instituting and/or maintaining a high-
quality TAVR program. The first multisocietal document on institutional and operator
requirements for performing TAVR was published in 2012 (1) and is now updated to reflect the

current evolution in practice and quality benchmarks.

A strong emphasis on a team-based approach for patient management remains unchanged. Where
possible, the writing committee’s recommendations are rooted in the robust data accrued from the

STS/ACC Transcatheter Valve Therapies (TVT)™ registry.



Bavaria JE, et al.
TAVR Recommendations and Requirements

The writing group has included a multimodal approach to quality measurement that allows the

requirements to evolve in anticipation of newer treatment modalities; expansion to younger and

lower-risk populations; and emerging evidence regarding patient outcomes, cost, cost-

effectiveness, and durability.

Relevant Policy Note

Recent developments in U.S. policy related to operator and institutional requirements have come

to light as this document was being finalized. The committee wishes to communicate to all

stakeholders the following key points.

1.

2.

3.

The professional society operator and institutional requirements are intended to provide
guidance and support for a large number of centers throughout the U.S. with a rational
balance between patient access to TAVR therapy and quality outcomes. Questions
regarding patient access to TAVR are complex and multifactorial and mirror similar
barriers to access that exist in medical care in the U.S. Primary care providers play a
critical role in facilitating access to TAVR with recognition and diagnosis of valvular
heart disease leading to referral for specialized care.

This document does not recommend that sites failing to meet all requirements should
close their TAVR-SAVR programs. Rather, the committee recommends that all sites
review their quarterly outcome reports and assess if they are within national benchmarks
of acceptable quality of care. An accreditation process is one means to help ensure
quality and also provide external review of programs.

The major threat to low volume sites growing and achieving higher levels of experience

is the opening of additional sites in the same geographic region. In 2017, 204 of the 525
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U.S. sites performing TAVR were performing less than 50 TAVR procedures on an
annual basis.

4. The expansion of indications for TAVR and the overall volume growth of TAVR inthe
U.S. may soon accelerate if patients at low risk for SAVR have the option for TAVR
based on the results of ongoing clinical trials and potential FDA approval. A plausible
consequence of expanded indications for TAVR is that some programs offering both
SAVR and TAVR will see SAVR volume fall below the required threshold. If this occurs
it is not the intent of the committee to have sites maintain SAVR volume by deviating
from a shared-decision making process with patients and heart team guidance. The
committee recommends that all sites should assess the quality of their SAVR programs
using site performance metrics from STS and maintain a 2-3 star rating.

5. The U.S. has many regions having a low population density with long distances to
tertiary medical care. TAVR sites have opened in many of these regions and it is
important that they remain active if they can document acceptable quality even ifthey
should fall below volume thresholds to maintain patient access to care.

6. This document presents the types and details of outcome metrics currently available that
enable an objective assessment of site performance. Importantly, additional metrics are
under development to make this a more comprehensive assessment, including alive and
well at one-year. The incorporation of these additional metrics will diminish the need to
rely on raw volume numbers. Quarterly reports sent to sites by the STS-ACC TVT
Registry include site data and national benchmarks that are updated regularly for TAVR.
Similar quality assessment/quality improvement processes are well established in the STS
Adult Cardiac Surgery Database for SAVR programs.

a. The metrics for assessment of TAVR site performance are not yet at a state of

maturity as compared to SAVR and the STS star rating system. Similar
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performance metrics are under development for TAVR by the STS/ACC and
should be tested and implemented when feasible.

b. In addition, one-year patient outcomes for both TAVR and SAVR are important
for clinicians, patients, and CMS. One-year outcomes have multiple determinants
including patient characteristics, the immediate outcome of the procedure-
surgery, post-procedure care, and perhaps most importantly, patient selection
decision-making. The one-year composite outcome measure for TAVR that is
under development by the STS/ACC includes alive-and-well assessment using
the results of the change in the KCCQ score. The composite will reflect both the
team’s capabilities in selecting patients who stand to benefit most from TAVR
and in not recommending TAVR when the risk benefit ratio is unfavorable or
futile.

c. All sites must submit accurate and complete data to ensure accurate quality
assessment and to achieve the goals of these standards.

7. An additional important consideration is that transcatheter devices continue toevolve.
There may not be a class effect with TAVR in terms of complication patterns such that
device specific data will be necessary to study outcomes.

8. The Duke Clinical Research Institute has performed a preliminary analysis of the most
recent STS-ACC TVT Registry data that shows a clinically meaningful association of
higher mortality and other major complications with site annual volume below the
recommended threshold of 50 procedures/year. Further analysis of these data is needed to
confirm these preliminary findings and to more fully understand factors associated with
these worse outcomes. This further analysis is also needed to assess why some low
volume sites have acceptable outcomes and others do not, and to understand if these sites

improve over time. The committee feels that elimination of annual procedure volume
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requirements would result in a possibility of increased TAVR risk-adjusted mortality and

major complications in the U.S. despite 5 consecutive years of improving outcomes.

a.

The assessment of site performance with low annual volumes is a major
statistical challenge. Low annual volumes of TAVR, as well as SAVR, require an
increased scrutiny of quality assessment results because of wider confidence
bands and greater variability of outcomes. New analytic methods need to be
applied to achieve valid assessment of low volume sites performance. Using
multi-year data from sites with low annual volumes is one approach to addressing

this challenge.
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1. Introduction

1.1 Background

The goal of the writing committee was to provide a quality framework for any center providing

TAVR as a treatment option for aortic valve disease in the United States.

While this document specifically addresses TAVR requirements, it should be placed in a larger
context and specifically address the broader goal of optimizing the care of all patients with severe
aortic valve disease. Since publication of the original document in 2012, TAVR indications have
been extended into groups of patients who are eligible for surgical aortic valve repair (SAVR) at
intermediate to high risk; TAVR has also become an alternative to reoperation for those with
severe bioprosthetic aortic valve degeneration (2-4). Programs are now evaluating a broad
spectrum of patients who may be appropriate for either form of valve replacement (i.e., TAVR
and SAVR). The approval of a TAVR valve for a specific STS SAVR risk population does not
necessarily mean that TAVR should be the chosen procedure for any particular patient in that

population.

1.2. What Is New in the 2018 TAVR Operator and Institutional
Requirements?

The writing committee recognizes that adequate TAVR outcomes data are now available,
permitting an evolution from an exclusively prerequisite skills-based set of recommendations to
an integration of actual TAVR quality and experience as the basis of qualifications for the

performance of TAVR.

The primary objective of this updated document is to promote standards that will help centers

achieve high-quality outcomes for patients who have clinically significant aortic valve disease.
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Outlined below are the most important new areas of emphasis within the updated document.

e The document focuses on the overall goal of improving patient outcomes at all sites and
on providing guidance regarding the use of data and analyses. For example, sites whose
risk-adjusted outcomes are worse than expected for their case mix, based on the national
benchmark population, should initiate robust performance improvement programs, which
are often facilitated by external review and recommendations.

e The writing committee has produced a document that is forward thinking, combining site
process and outcome performance metrics that can be updated with data reflecting
evolving patient characteristics, changing procedure technologies and techniques, and
improving short- and long-term outcomes. Other structural operator and institutional
requirements are not expected to change substantially as they reflect basic infrastructure
needs and fundamental clinical skills and experience.

o With over 580 active both TAVR-SAVR sites in the United States, most patients now
have reasonable geographic access to care. Other barriers to access relate to broader and
more fundamental issues in the U.S. healthcare system cannot be addressed in this
document.

e The writing committee does not consider the requirements or recommendations in this
document to exceed the capabilities of most centers, currently or with reasonable
modifications, and the recommendations or requirements are not meant to exclude
existing or future centers.

o TAVR continues to be a dynamic, evolving therapy. The phases of TAVR development
and distribution in the U.S. healthcare system as well as the transitions in operator and
institutional requirements are presented in Figure 1. The TVT Registry has gathered data
from over 100,000 patients who have received TAVR. These data are now focused in 3

new directions within the 2018 document:

10
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1. Emphasis on Direct Measures of Quality of Care: This 2018 document provides

additional quality metrics that complement requirements presented in the 2012
document (1). TAVR case-volume requirements ensure foundational data
minimums needed for measurement of quality outcomes.

a. Beginning in 2018, direct measures of quality of care for both TAVR and
SAVR programs will be emphasized. Two types of quality measures are
already available for TAVR program evaluation:

i. Unadjusted site-specific outcomes in comparison with national
benchmarks and

ii. Risk-adjusted in-hospital outcomes and 30 day TAVR mortality,
to account for increasing case-mix variations across sites.

b. In the next phase, we propose the incorporation of additional validated,
risk-adjusted measures, including 1-year and composite outcomes. These
will provide sites with a better understanding of their program’s
performance and guidance for improving the quality of patient care and
selection. This approach has been developed for SAVR over decades of
data gathering, analysis, and validation.

c. Quality outcome measures are reported to sites using the TVT database
for TAVR and the STS database for SAVR.

d. Ultimately, the goal is to have similar quality outcome measures for both
TAVR and SAVR. For TAVR, this will require the development,
validation, and use of additional outcome metrics; for SAVR, long-term
outcomes such as 1-year survival and impact on quality of life will be

required.

11
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e. Over time, volume requirements for TAVR and SAVR will be used
primarily to ensure a program has adequate ongoing volume to provide
statistically reliable quality metrics and maintain effective processes of
care.

2. Emphasis on the Care of All Patients with Aortic VValve Disease: The focus of

this document is on treating all patients with aortic valve disease and therefore
offering all forms of treatment, including TAVR, SAVR, medical care, and
palliative care. Some sites in the U.S. offer only SAVR, as discussed
subsequently in this document. Of particular concern is how patients at these
sites will be informed of their possible eligibility for TAVR. This process of
informing patients includes possible referral to TAVR sites for consultation and
fully informed shared decision making.

3. Emphasis on the Incorporation of Shared Decision Making: This 2018 document

recommends that sites incorporate methods and processes promoting patient- and
family-centered care with informed shared decision making (SDM). This
recommendation goes beyond patient education and the traditional use of
informed consent, which involves an explanation of generic risks and potential
benefits.; it specifically includes an individualized approach utilizing patient-
specific, data-driven risk assessment; clear explanation of a patient’s options; the
rationale for the recommendations of the multidisciplinary team (MDT); and the

incorporation of patient preferences and values into patients’ treatment decisions.

12
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Figure 1. Evolution of Site Operator Requirements for TAVR

This schematic shows the evolution of TAVR site and operator requirements, starting with the investigative
phase, which is followed by 3 commercial phases. As of 2018, the initial commercial phase has ended and
TAVR is now in a steady state in which requirements can now be based predominantly on quality metrics,
with volume being used only to demonstrate a program’s ability to maintain a reasonable number of cases
to measure quality—i.e., as a process metric rather than as a surrogate outcome metric.

NCD indicates National Coverage Determination, TAVR, transcatheter aortic valve replacement; TVT,

Transcatheter VValve Therapies, SAVR, surgical aortic valve replacement, STS, Society of Thoracic
Surgeons.

13
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o Figure 2 shows the categorization of sites based on their TAVR volume and a risk-
adjusted outcome measures, such as the observed-to-expected ratio of an outcome
measure (e.g., risk-adjusted in-hospital, 30-day, and, ultimately, 1-year mortality). One
goal of this 2018 document is to promote the ability of all centers to achieve both
adequate volumes and acceptable outcomes, i.e., the upper left quadrant in this schematic.

o Volume: It is anticipated that most low-volume sites will steadily increase their
number of procedures owing to the approval of moderate-risk patients for TAVR,
FDA approval of additional indications for TAVR usage, and ongoing aging of
the U.S. population.

0 Quality: Preliminary data from a new analysis show that there are many low-
volume sites with seemingly acceptable outcomes; however, owing to the low
number of cases in such sites, the assessment of their outcomes is statistically
challenging, resulting in substantial random sampling variation (i.e., wide
confidence intervals). The volume-outcome relationship and learning curve
shown during the initial U.S. experience in TAVR require updating. Conversely,
a few-higher volume sites have suboptimal outcomes—an assessment that is more
likely to be statistically valid. Irrespective of volume, sites with unacceptable
outcomes are of concern and should immediately take corrective actions to
improve their outcomes and processes. In-depth discussion of the statistical
challenge of correctly identifying poorly performing TAVR programs with low

annual volumes is presented in Appendix 1.

e This document specifies operator and institutional requirements and recommendations.

Requirements are based on best available objective evidence and address issues of critical

14
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importance for delivering high quality care. Recommendations are based on expert

opinion and apply to important components of programs.

The characterization of quality using the Donabedian triad of structure, process, and
outcomes measures is a reasonable framework for establishing TAVR quality (5). The 2006
Institute of Medicine report, Performance Measurement: Accelerating Improvement,
provides a framework for translating the need for assessment of performance in health care
into measures of quality (6). The measures are related to the key periods of patient evaluation,
procedure performance, postprocedure care, and assessment of medium-term outcomes. This

document incorporates several measures into the proposed site requirements.

15
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Figure 2. Categorization of Sites on the Basis of TAVR Volume and Outcome
Measures

<=
20
B Reasonable On-
Going Case Volume
with Optimal
Outcomes

TAVR SITE VOLUME
Medium

Low Volumes and Optimal
Outcomes

Low

TAVR CLINICAL OUTCOMES

This schematic categorizes TAVR programs by their case volumes and clinical outcomes. Most programs
have sufficient case volumes to achieve technical competence and acceptable results, although these
volumes may not be sufficient to allow statistically valid quality assessments. A few programs may have
adequate volumes to meet TAVR requirements and ensure statistically valid quality assessment but still
appear to have suboptimal performance. These programs need to take immediate actions to improve their
outcomes as it is likely they are underperforming. Some programs with lower volumes appear to have
acceptable outcomes, but because of their small sample sizes, their outcome data are less statistically
reliable. These programs must continue to be vigilant in assessing their quality. Finally, some programs
have low volume and less than optimal outcomes. Although these outcomes are statistically less certain,
action should be undertaken immediately to further assess and improve quality.

TAVR indicates transcatheter aortic valve replacement.

16
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2. Methods

This document is an update to the 2012 Multisociety (AATS, ACCF, SCAI, and STS) Expert
Consensus Statement: Operator and Institutional Requirements for Transcatheter VValve Repair
and Replacement, Part 1: Transcatheter Aortic Valve Replacement (1). The writing committee

was composed of representatives from the AATS, ACC, SCAI, and STS.

Partnering societies used the ACC’s policy on relationships with industry and other entities
(RWI1) to author this document. To avoid actual, potential, or perceived conflict of interest that
may arise as a result of industry relationships or personal interests among the writing committee,
all members of the writing committee, as well as peer reviewers of the document, were asked to
disclose all current healthcare-related relationships, including those existing up to 12 months
before initiation of the writing effort. Because this document needed the input of clinical experts,
leadership from the 4 partnering societies decided to allow an exception to the usual prohibition
on clinical trial participation in industry-sponsored trials provided there was no compensation
involved. Activities involving a clinical trial as a steering committee member or principal
investigator were not considered relevant relationships. Author and peer reviewer RWI pertinent
to this document are disclosed in Appendixes 2 and 3. In addition, to ensure complete
transparency, authors’ comprehensive disclosure information (including RWI not pertinent to this
document) is available as an online supplement to this document at

http://jaccjacc.acc.org/Clinical Document/TAVR Regs and Ops Author Comprehensive RWI.

pdf. The work of the writing committee was supported exclusively by the partnering societies
without commercial support. The Chairs have no RWI and are responsible for the content of this
document. The ACC disclosure policy for document development is available at

http://www.acc.org/quidelines/about-quidelines-and-clinical-documents/relationships-with-

industry-policy. Writing committee members volunteered their time to this effort. Conference

17
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calls of the writing committee were confidential and attended only by writing committee

members and relevant AATS/ACC/SCAI/STS staff.

A public comment period was held to obtain further feedback. Following reconciliation of all
comments and sign-off by the writing committee and oversight task force, this document was

approved for publication by the approval bodies of the partnering societies.

18
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3. Structural Program Requirements

The structural measures of quality include the requirement that operators and institutions have the
skills, experience, foundational TAVR and SAVR volume, and facilities, that are fundamental to
delivering TAVR and SAVR. These quality measures of program structure are outlined in Tables

1and 2.

3.1 Procedural Volume

There are learning curves associated with TAVR (7-9). For instance, nonfemoral TAVR involves
an important learning process, with 3045 cases needed to reach a plateau for procedure time and
device success (10,11). Analysis of early STS/ACC TVT Registry data shows the cumulative
TAVR volume-outcome relationship is strong during the learning curve, which is expected given
that this is a novel procedure with high risk in an elderly patient population (12). In their analysis,
Carroll and colleagues (12) noted that there was a steep slope for improved major outcomes in the

first 100 cases.

TAVR case-volume requirements listed in this document ensure foundational data minimums
needed to maintain program and operator effectiveness and efficiency as well as sufficient sample

size for measurement of quality outcomes.

Sites that are not in the higher-volume/experienced tier programs may provide high-quality
TAVR care, typically via the well-established transfemoral approach. This is especially relevant
to the more geographically isolated locations and to underserved patient populations in the U.S.
The 2018 operator and institutional requirements support the ongoing activities of such sites.
These programs should have an active quality assessment and improvement process. Higher-risk

cases and those requiring more complex access at these low-volume sites should be referred to

19



Bavaria JE, et al.
TAVR Recommendations and Requirements

higher-volume centers with sufficient experience and expertise in complex or alternative-access

cases.

3.2 Multidisciplinary Team (MDT)

The defining principle of the MDT is an institutionally based joint cardiology and cardiac surgery
effort (13,14). TAVR programs should only be established if this multidisciplinary partnership is
present. Additional providers, including imaging physicians, anesthesiologists, nurses, social
services, and administrative support personnel are also necessary. A comprehensive MDT is
mandatory for a TAVR program (15).

The MDT should be supported using institutional resources and consists of physicians and

medical personnel from many specialties, with specific skills including:

o Interventional cardiologist

e Cardiac surgeon

e Echocardiographic and radiographic image specialist
e Cardiovascular anesthesiologist

e Nurse practitioner/physician assistant for pre- and periprocedure care and MDT
consults

¢ TAVR administrative coordinator/program navigator
¢ Institutionally supported data manager for STS/ACC TVT Registry

¢ Hospital administration representative

Additionally, the following comprise the essential consultative resources for the MDT:

o Electrophysiology capabilities for implantation of permanent pacemakers
2417

o Neurology with a 24-hour/day, 7-day/week stroke team

¢ Renal medicine with dialysis capabilities

e Medical and palliative care for patients who are not TAVR or SAVR
candidates

20
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e Vascular surgery support

With increasing use of conscious sedation, the perfusion and OR teams will not be necessary in
many transfemoral procedures (16). Additionally, an anesthesiologist may not be present in some
instances, depending on patient severity and the training and skillsets of other staff; however,

anesthesia and hemodynamic support must nonetheless be readily available.

3.2.1 Knowledge Base and Skills

One of the cornerstones of the success of transcatheter valve programs is partnering between
cardiologists and cardiac surgeons, the underlying principle being that no one individual, group,
or specialty possesses all the necessary skills for optimal patient outcomes (13,17). The success of
these programs depends on a group of professionals, each with their own skillset, working

together to provide the best possible patient-centered care (13,18).

There are specific and unique cognitive and technical skills that are essential for all physicians for
optimal performance of TAVR irrespective of specialty background (19,20). For the purpose of
this document, the term “TAVR proceduralist” refers to either interventional cardiologists or
cardiac surgeons. These clinicians should possess extensive knowledge of valvular heart disease
(VHD), including the natural history of the disease, hemodynamics, appropriate diagnostics and
imaging, optimal medical therapy (particularly of comorbidities), application and outcome for

both TAVR and SAVR, procedural and perioperative care, and long-term follow-up (21).

The ability to accurately interpret noninvasive imaging studies during patient evaluation,
intraoperatively, in the immediate postoperative period, and at follow-up is critically important.
The MDT should have access to expert imaging including echocardiographic interpretation skills
for transthoracic (TTE) and both 2- and 3-dimensional transesophageal (TEE) studies. Expertise
in interpretation of computed tomography (CT) scans, including gated CT angiograms of the

heart and iliofemoral vessels, is essential for understanding anatomic issues such as:
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e The size, shape, degree, and distribution of calcium in the aortic valve annulus

e The presence and degree of calcium in the left ventricular outflow tract and aorta
e The size and morphology of the sinuses of Valsalva

o Hypertrophy of the basal septum

e The location of the coronary arteries

e Calcification, dilatation, angulation, and tortuosity of the aorta

e Calcification, tortuosity, and caliber of the iliofemoral and brachiocephalic vessels

(20,21).

There should also be mastery of post-acquisition CT software for detailed analysis of the heart,

aorta, and peripheral vessels.

Essential technical skillsets required for the safe and effective performance of TAVR procedures

include but are not limited to:

e Anunderstanding of radiation safety, optimal fluoroscopic imaging, and the use of

contrast agents
e The use of hemodynamic monitoring systems
e Large-bore vascular access and closure techniques
o Balloon dilatation of the aortic valve

e Advanced wire skills, including knowledge of the full array of guidewiretechnologies

applicable to TAVR
o Retrieval devices and technigues

o Peripheral vascular diagnostic and interventional techniques, including use of covered

stents

e Abdominal and thoracic endovascular aortic repair
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e Coronary diagnostic and interventional techniques

e Percutaneous left ventricular mechanical support devices

e Percutaneous closure of paravalvular leaks

e The ability to rapidly diagnose and treat rhythm disturbances

e Anunderstanding of the indications for placement of permanent pacemakers in the

TAVR setting

Surgeons should have experience with surgical vascular access and postprocedural repair
techniques, particularly pertaining to the axillary, subclavian, and carotid arteries as well as
transapical, transaortic, and other alternative access approaches when the transfemoral arterial
approach is not possible. It is understood that the entire spectrum of cognitive and technical
skillsets required may not be possessed by a single individual TAVR proceduralist but that the

combined skills of the procedural team will be complementary and synergistic.
3.3 Proceduralist Formalized Training

The field of percutaneous repair of cardiac structural abnormalities has advanced rapidly in the
last decade. Training for TAVR should occur by 1 of 2 pathways: 1) a formal training program
incorporated into cardiology fellowship or cardiovascular surgical residency or 2) formal

proctorship wherein an established interventional cardiologist or cardiac surgeon participates in

an established TAVR program under the tutelage of an experienced team.
Ongoing education courses with didactics focused on new concepts of TAVR, hands-on

experience with device-specific equipment; simulation, viewing live cases performed by

experienced operators in an interactive format, experienced device-specific proctors, and
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formalized fellowship training should be available as new innovations and products are

introduced.

3.4 Facilities and Institutional Resources
The institution should have an active VHD surgical program with at least 2 institutionally based
cardiac surgeons experienced in valvular surgery and should contain a full range of diagnostic

imaging and therapeutic facilities, including:

1. A cardiac catheterization laboratory, hybrid catheterization laboratory, or hybrid
operating room (OR)/catheterization lab equipped with a fixed radiographic imaging
system and flat-panel fluoroscopy, offering catheterization laboratory-quality imaging

and hemodynamic capability.

2. Noninvasive imaging

a. An Intersocietal Accreditation Commission (IAC) accredited echocardiography
laboratory and preferably Level 3 trained and National Board of Echocardiography-
certified echocardiographers, TTE and TEE capabilities with sonographers and
echocardiographers experienced in echocardiography for TAVR annular sizing and
post-implant evaluation as well as intraprocedural monitoring and access to 3D

echocardiography

b. Vascular laboratory (noninvasive) with vascular specialists capable of performing

and interpreting vascular studies

c. CT laboratory (with multidetector CT scanner with a dedicated TAVRalgorithm)
with CT technologists and specialists who can acquire and interpret cardiac CT

studies
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Imaging programs that can aid in the selection of orthogonal views for imaging during
positioning of the valve (e.g., fusion imaging) are also desirable. Integration of
echocardiographic images, particularly 3D capabilities, is helpful. The availability of
multidetector CT or cardiac magnetic resonance (MR) is a significant advantage,
particularly if image fusion, which will become more widely used in the future, is

possible(15).

3. Physical space—the implantation suite should have a sterile environment that meets OR
standards. Furthermore, it should have sufficient space to accommodate the necessary
equipment for uncomplicated implantations as well as any additional equipment that may
be necessary in the event of complications. This includes space for anesthesiology,
echocardiography, hemodynamic support, and cardiopulmonary bypass equipment and a
surgical team. A specifically designed hybrid OR interventional suite is ideal; however,

in the absence of such a facility, the interventional cardiac suite should have:

a. Circulating heating, ventilation, and air conditioning laminar flow diffusers
(providing smooth, undisturbed air flow, usually placed directly over the procedure

table) that meet air exchange requirements for operating rooms

b. Asymmetrical/symmetrical 6-lamp 2 x 4 troffers (the inverted, usually metal trough
suspended from the ceiling as a fixture to provide adequate high-output lighting for

surgical intervention

c. Enough power receptacles that meet surgical equipment requirements (The

receptacles should have generator back-up in case of power failure.)
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4.

d. Capability of running cardiopulmonary bypass and other support equipment (e.g.,
intra-aortic balloon counterpulsation, Impella, Tandem, Extracorporeal

Membrane Oxygenation (ECMO) in the interventional suite

e. Gas outlets for the anesthesia machine and cardiopulmonary bypass machine

f.  Minimum room size of 800 square feet (74.3 m?)to accommodate the standard
equipment required in a cardiac catheterization laboratory (e.g., high-definition
displays and monitors, ultrasound machine for access, Oz analyzer and supply,
defibrillator/resuscitation cart, suction, compressed air, CO-oximeter, activated clot-
ting time analyzer) as well as echocardiographic equipment, sonographers, anesthesia
equipment, emergency CT surgical team and cardiopulmonary bypass equipment

(e.g., surgeon, assistant, scrub technicians, perfusionists), if needed

Interventional procedure supplies—the interventional suite should stock a large variety of
supplies, including various access kits; endovascular sheaths and introducers ranging
from 4 F to 26 F in various lengths; a wide range of guide wires for various purposes,
cardiac diagnostic and interventional catheters; vascular closure devices; balloon
dilatation catheters ranging from 2 mm to 30 mm in diameter and of various lengths and
profiles; bare-metal, drug-eluting, and covered stents (e.g., coronary and peripheral);
occlusive vascular devices and balloons; snares and other retrieval devices; drainage

catheters; and various implantable device sizes with their delivery systems

Postprocedure recovery and intensive care facility with personnel experienced in
managing patients who have undergone conventional open heart valve procedures,
postprocedure recovery room for conscious-sedation patients with personnel experienced

in caring for postcatheterization and balloon aortic valvuloplasty (BAV) patients
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6. Use of a mobile C-arm imaging system in an OR is not adequate or acceptable.

7. The 2012 ACCF/SCAI Expert Consensus Document on Cardiac Catheterization
Laboratory Standards Update outlined the specifications for a hybrid catheterization
laboratory/OR (22). Although hybrid cath lab/OR is preferable, especially for alternative-

access procedures, it is not a prerequisite if items 3a-g are met.

Most importantly the hospital should be dedicated to providing these services and support
financially and without time constraints on the personnel involved. A special consideration is
radiation safety training for all of the personnel involved in delivering TAVR. A dedicated

administrator as a member of the team is necessary.

The complexity of TAVR and the magnitude of institutional resources required are similar to
established heart transplant and cardiac assist device programs. A MDT is required, similar to the
transplant and assist device programs. The concept of an MDT was endorsed by the Centers for
Medicare & Medicaid Services (CMS) through the establishment of certification criteria for the
use of heart transplantation and cardiac assist devices in centers and, moreover, for eligibility for
reimbursement of services provided. The same regulatory system was applied to professionals
providing these services. TAVR programs should undergo a similar regulatory process with CMS
endorsement. Centers should be approved for TAVR programs if they have addressed the quality
benchmarks in this document (See Section 7: Criteria for Establishing and Maintaining a TAVR

Program.) and the appropriate infrastructure and committed hospital support.

The institutional commitment required for a successful program goes beyond the space,
personnel, and specialized facilities set forth above. The complex and time-consuming

preprocedure patient triage process and the amount and intensity of postprocedure patient care
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after discharge are labor-intensive for physician and nursing staff, as are the informed consents

and communications with patients, families, and referring providers.

Additionally, technological and administrative support for the medical, nursing, and technical
personnel involved is also required, preferably in a central setting. Ancillary testing facilities
(e.g., pulmonary function testing, echocardiography, vascular duplex scanning, clinical
laboratory, and multidetector CT) should be of high quality and able to accommodate the patient

volume in a timely fashion.

By their nature, these procedures should only be performed in institutions that routinely perform
surgical aortic valve operations and participate in the STS National Database with outcomes that
equal or exceed those expected for their case-mix on the basis of national benchmarks. Similarly,
only institutions with interventional cardiology programs that have established and successful
programs endorsed by the NQF with PCI, BAV, catheter closure of periprosthetic valvular leaks,
and insertion of septal closure devices with outcomes that equal or exceed those established

nationally for similar procedures, should offer TAVR.

Long-term outcome reporting is obligatory, to track not only survival, but also other parameters,
including periprocedural complications (e.g., CVA, vascular, renal, infectious), aortic
regurgitation, pacemaker needs, TAVR reintervention, TAVR structural valve failure, subsequent
SAVR, and quality of life. This reporting is essential because long-term outcome goals for these
new procedures have not been established at this early stage. Participation in a national data
registry or registries (e.g., STS/ACC TVT Registry, STS National Database, ACC NCDR) is

mandatory (13).

4. Process Program Requirements
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The measures of process quality in TAVR, defined as best practices and standardized processes
that are accepted and incorporated into programs, are outlined in the 2017 ACC Expert
Consensus Decision Pathway for Transcatheter Aortic Valve Replacement in the Management of
Adults with Aortic Stenosis (15). Current process measures include the incorporation of the ACC/
AATS/ AHA/ ASE/ EACTS/ HVS/ SCA/ SCAI/ SCCT/ SCMR/ STS 2017 Appropriate Use
Criteria for the Treatment of Patients with Severe Aortic Stenosis (23), documentation of MDT-
based decision making during patient selection, and procedure performance by a cardiologist and
surgeon. Patients and families need to be involved in the process of SDM in relation to VHD
(24). Best practices may include (1) directing patients and families to an objective,
noncommercial shared decision-making tool designed by patients and clinicians, to provide
knowledge regarding aortic valve disease and its treatment and (2) access to decision aids that
allow for assessment of patient-specific risk and benefit for both TAVR and SAVR (25). Other
best practices (7) include offering patients access to their medical records and training clinicians
to help patients define their goals and treatment preferences. SDM has been actively promoted by

CMS to enhance beneficiary engagement and incentives (26).

4.1 Patient Selection Requirements

TAVR is currently approved in the United States for patients with severe native AS and an
intermediate or higher predicted operative 30-day mortality risk for SAVR, as well as valve-in-
valve indication for degenerated aortic bioprosthetic valves in patients at high risk for
reoperation. Patients with these categories of valve disease need a multidisciplinary approach for
their evaluation. There should be documentation that each patient has been made aware of the
techniques of implantation as well as the risks and benefits for both forms of AVR therapy,

whether they are a candidate for treatment with TAVR, SAVR, or either form of therapy. The
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patient should be informed about both which therapies are available at their hospital and the
MDT’s recommendations to facilitate achieving the best outcomes given their specific
characteristics, risk, and goals of care. The volume and outcomes of both TAVR and SAVR for
the site should be discussed with the patient. This sets the stage for SDM with the key element of
incorporating patient preferences. Patients presenting to SAVR-only institutions should also be

evaluated by an MDT.

4.1.1 MDT Patient Case Conference Requirements

The discussion by the MDT should drive the recommended procedure. Accordingly, criteria
related to both SAVR and TAVR are addressed in this document. Some patients are not
appropriate for either therapy and should be offered medical or palliative therapy. Therefore,

programs need to have resources and a process in place that meet the following requirements:

1) Patients are evaluated by the MDT, as detailed in Section 3.2.

2) The MDT incorporates relevant professional management guidelines and AUC for all
forms of care for aortic stenosis, including TAVR, SAVR, medical therapy, and palliative
care (BAV is considered 1 option for palliative care.).

3) Patients are informed of the MDT’s recommendations regarding treatment options.

4) The program incorporates best practices for educating patients and theirfamilies.

5) The program implements patient-family SDM, including patient preferences.

Establishing and maintaining a TAVR program requires several key components (Tables 1-2 and

4),

In the initial NCD for TAVR in 2013 one of the major requirements for programs was that "Two

cardiac surgeons have independently examined the patient face-to-face and evaluated the patient's
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suitability for open aortic valve replacement (AVR) surgery; and both surgeons have documented

the rationale for their clinical judgment and the rationale is available to the heart team (27)."

In the 2012 Multi-society Expert Consensus Statement: Operator and Institutional Requirements
for Transcatheter Valve Repair and Replacement, Part 1: Transcatheter Aortic Valve

Replacement, this issue was addressed differently, as follows:

e "A cardiac surgeon and an interventional cardiologist must evaluate each case. Interplay
between interventional cardiologists and cardiac surgeons represent only part of the
benefit of the MDT."

o "Direct patient evaluation by cardiologists and cardiac surgeons may beaccomplished
jointly and, if possible, simultaneously in a venue such as a multidisciplinary valve

program clinic (1)."

This 2018 update addresses the need for a multidisciplinary approach and the importance of
patient access, when appropriate, to all treatment options, by requiring that the following be

documented:

e One cardiac surgeon (rather than 2) at the TAVR-performing institution, who is part of
the MDT, has independently examined the patient face-to-face, evaluated the patient's
suitability for SAVR, TAVR, or medical or palliative therapy and has documented the
rationale for their clinical judgment. The rationale and recommendations must be
available to the MDT. Documentation from 2 cardiac surgeons is no longer felt necessary
because of the established role of TAVR with published AUC (24) and greater
experience in the assessment of risk for SAVR.

e There should also be documentation of an additional physician who has independently

examined the patient face-to-face, evaluated the patient's suitability for all forms ofvalve
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therapy, and documented the rationale for their clinical judgment. That rationale must be
available to the MDT.

0 For patients having TAVR, this documentation is typically provided by an
interventional cardiologist who is part of the TAVR program, although general
cardiologists with an expertise in VHD can provide this documentation.

o For patients having SAVR, this documentation can be provided by a variety of
physicians and preferably at least 1 physician from the MDT; however, the
additional physician does not necessarily have to be part of the team as long as
they are knowledgeable, well-informed with regard to the current status ofall
forms of treatment for aortic valve disease, and have knowledge of TAVR. The
purpose of this requirement is to emphasize the importance of patients’ being
well-informed regarding all treatment options according to their clinical
circumstances.

o Itis reaffirmed that this direct patient evaluation is optimally performed jointly ina
multidisciplinary valve clinic.

¢ Documentation of a multidisciplinary approach by both a surgeon and another clinician
with knowledge and experience with TAVR is especially necessary for patients for whom
there is an FDA-approved device with a relevant indication for use. Presently this
includes all patients with tri- leaflet, native AS who have an intermediate or higher
assessed risk for SAVR and patients with a failed bioprosthesis in the aortic position who
are assessed as high risk for SAVR or considered not to be an open operative candidate.
For programs involved in trials of TAVR versus SAVR in low-risk or other patient

groups, it is expected that this joint evaluation would be extended to these groups aswell.

4.1.1.1 Operational Details
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e The MDT should be codirected by an interventional cardiologist and a cardiac surgeon,
both of whom are responsible for meeting programmatic quality metrics and
credentialing as outlined in Tables 1, 2, and 4. The MDT, however, goes well beyond this
central collaboration and should include key providers from other physician groups (e.g.,
noninvasive cardiology, palliative care, geriatrics, critical care medicine) as well as
advanced patient practitioners, nurses, research personnel, and administrators. Thus, the
MDT must take into account the broad range of resources necessary for a successful
multidisciplinary valve therapy program.

e Formal group MDT meetings (distinct from the usual “cardiac catheterization
conference”) should take place regularly to review all patients referred for procedures,
consider patient selection, and discuss morbidity and mortality and long-term outcomes
of treated patients. In addition, these formal meetings of the MDT should form the basis
for a local “TAVR Steering Committee” that provides oversight and direction for the
TAVR program.

o Following the decision that a given patient is an appropriate candidate for TAVR, the
procedure must be carefully planned. Cardiac surgical teams are familiar with and
routinely use “pre-procedure briefings” before complex cardiac surgical operations. In
such briefings, immediately prior to the procedure, all team members (i.e., surgeons,
anesthesiologists, perfusionists, nurses, and technicians) discuss the intended procedure,
including the following: 1) the steps of the planned procedure; 2) specific tools and
equipment needed (beyond those typically used); 3) possible complications that may arise
during the procedure; and 4) contingency plans that will be implemented should the
unexpected occur. The immediate availability of MDT physician support in emergency
decision making and therapy is essential. It is, therefore, important that the roles of the

various specialties be clearly delineated during preprocedure planning.
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o Complicated postprocedural courses are common in high-risk patients, who comprise a
significant portion of the population treated with TAVR. A team approach in this setting
is critical. Specific and regular in-service educational conferences to impart the necessary
familiarity are recommended.

e Long-term follow-up for these patients is imperative. Long-term follow-up planning and
resources for this important phase of care are incumbent responsibilities of the MDT and
the hospital administration.

o Post-approval registries (e.g., STS/IACC TVT Registry) (28) are required for TAVR.
Therefore, a data collection/research unit and staff within the MDT are necessary
components that should be funded by the hospital.

o A financial structure that shares physician reimbursement for these procedures is a
recommended incentive for collaboration between cardiac surgeons and cardiologists is.
This important principle will ensure that cardiac surgeons and cardiologists participate
jointly in performing procedures and that each patient receives optimal patient-centered
treatment.

o It has been demonstrated that a dedicated full-time individual (such as an experienced
advanced cardiac nurse specialist serving as clinical coordinator) can be supportive ofthe

efficient operational function of the MDT.

4.1.2 Patient Selection Considerations

There are legitimate concerns that many patients with severe aortic stenosis meeting the
expanding indications for TAVR are not currently being provided critical information regarding
their treatment options. There are 2 potential concerns associated with underutilization of TAVR.

First, patients with symptomatic, severe aortic stenosis, especially those deemed at excessive risk
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for SAVR, may not learn of the TAVR option. Second, some patients undergoing SAVR,
especially those being seen at hospitals only offering SAVR, may not be informed when TAVR is

an appropriate option.

The MDT approach provides patients and families with a comprehensive evaluation and
determination as to whether TAVR, SAVR, or both are appropriate options for patients. It is
unclear to what extent patients who are evaluated by physicians and hospitals without TAVR
programs are being informed of their potential eligibility for TAVR. It is important to understand
that there are over 500 programs in the US that only offer SAVR. The requirements for patient
education and shared decision making outlined in this document are directed toward programs

that offer either TAVR and/or SAVR.

4.1.2.1 Frailty, Cognition, Quality of Life, Immobility and Disability

Arnold and colleagues (29), using PARTNER Trial TAVR patients, were the first to compile an
analytic risk predictor based on the Kansas City Cardiomyopathy Questionnaire (KCCQ). Poor
outcome was defined as death, KCCQ <45, or decrease in KCCQ >10. Thirty-five percent of
patients had a poor outcome at 6 months (19% dead, 16% alive without functional benefit) (29).
Looking at 1-year outcomes after TAVR in 3 PARTNER sites at which frailty was rigorously
assessed, this group used a KCCQ threshold of <60 to predict poor outcome (30). The frail
patients had a 33% mortality rate, compared with 16% for those not deemed frail (p = 0.004).
Poor outcome occurred in 50% of the frail subgroup versus 32% of the non-frail subgroup (p =
0.02) (31). When the 2011-2014 STS/ACC TVT Registry cohort was analyzed using baseline
and 1-year KCCQ, those who initially self-reported very poor health status (KCCQ <25) had a 1-
year mortality exceeding 25% after TAVR—more than twice as high as those who felt they had
“good” health status at baseline (32). Puls et al. observed that frailty, as assessed by the simple

Katz index of daily living activities, had a major influence on TAVR outcome in a German
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single-center study (29). Adjusted for all other variables, patients with a Katz score <6 had a 47%
mortality rate at 2-years, compared with 26% for those with a Katz index of 6, with an
intermediate outcome for those with a Katz index of 3-5. Approximately 50% of patients with a

Katz index <2 were dead by 2 years post-TAVR (29).

Aside from identifying patient characteristics that portend prohibitively high mortality rates over
the first few years after TAVR, an equally important consideration is avoiding TAVR in patients
who realistically will not gain any functional benefit or have better quality of life (QoL) after
TAVR, or may even suffer functional decline due to age and/or a constellation of comorbidities.
Once a suitable risk algorithm that identifies such individuals is developed and validated, the task
of selecting patients for whom procedural denial is appropriate will be clearer (33).
Schoenenberger et al. found that 21% of 106 surviving TAVR patients had suffered functional
decline at 6 months (34). They demonstrated that a multidisciplinary frailty index (cognition,
mobility, nutrition, activities of daily living) strongly predicted functional decline, even when
adjusted for STS and EuroSCORE. Such measures should be incorporated into the TAVR triage
process, along with active gerontology and palliative care representation on the MDT, to avoid
performing TAVR in patients who are not going to benefit from the procedure (33). In current
practice, BAV is sometimes used to assess the patients’ clinical response to relief of AS. Patients
with no clinical improvement after successful BAV should not be considered candidates for

TAVR.

4.1.2.2 Procedural Denial, Futility, QoL, Limited Life Expectancy

The evolution of TAVR in the United States started with extreme-risk patients before

encompassing high- and intermediate-risk patients. At present, 2 trials are randomizing low-risk
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patients to SAVR or TAVR. As indications for TAVR expand into lower-risk populations, the
long-term outcomes of TAVR become a major consideration since, in contrast to that of
surgically implanted valves, the durability of bioprosthetic TAVR valves is unknown. Even
though valve-in-valve options are available for patients considered at high or prohibitive risk for
redo-SAVR, the procedure can lead to an undersized valve for the patient (prosthesis/patient

mismatch).

An ongoing challenge is the selection of patients most likely to benefit from TAVR who are
either inoperable or at prohibitive risk for surgery. Coexistent diseases such as end-stage renal
disease (ESRD), recent stroke, untreated coronary artery disease, severe chronic obstructive
pulmonary disease (COPD), severe pulmonary hypertension (PHTN), severe mitral regurgitation
(MR), active neoplasms, endocarditis, were exclusion criteria in the controlled trials; thus, a
substantial minority of patients (so-called Cohort C patients)were not included. Other factors,
such as frailty and liver disease, were not incorporated into the overall risk assessment process in
the early trials. Even though these sicker patients were excluded, the all-cause 5-year mortality
rates of patients who received TAVR in the PARTNER 1B and PARTNER 1A trials were 72%

(35) and 68% (36), respectively.

Attention has recently been focused on the use of metrics that can identify patient and procedure
characteristics that are predictors of optimal, suboptimal, or bad outcomes, both early and at 1-
year follow up. Survival rates, or conversely mortality rates, are inadequate by themselves. Other
outcomes that have been studied include patient-reported health status (KCCQ), rehospitalization
rates, and objective measures of functionality. These outcomes are best understood when they are

compared before and after TAVR.

From these initial reports it is reasonable to conclude the following:
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e TAVR is not appropriate for patients who have reached a level of futility (life
expectancy despite TAVR of <1 year) (37).

e TAVR is not appropriate as an end-of-life treatment as it does not help patients
and is not sustainable financially for society.

o Real-world application of TAVR is not constrained by the strict exclusion criteria
inherent in the controlled trials; thus, sites need to carefully assess their selection
criteria and subsequent TAVR outcomes.

o The benefit of TAVR should be defined not only by survival compared with
alternative management strategies but also in terms of patient-reported health
status, including QoL, freedom from recurrent hospitalization, maintenance of
independent living, and functional state at 1 year.

o Procedural denial in elderly patients with multiple medical problems and limited
life expectancy should not be misconstrued as a personal defeat (38).

o Initial reports studying changes in KCCQ score are useful for defining the impact
of TAVR on patient-reported health status.

0 The score is not disease specific and is influenced by other conditions
that are often present in elderly patients with severe AS.

0 These reports included predominantly inoperable and high-risk patients
and are not likely to reflect the benefits of TAVR in intermediate-risk
patients.

0 TAVR procedure and 1-year outcomes have overall improved since these
analyses were completed; therefore, these studies need to be updated for
contemporary patients undergoing TAVR, as well as SAVR.

e We currently do not have predictive tools that can clearly differentiate between

those who will benefit from TAVR and those who will not. It is naive toexpect
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that predictive “crystal balls” will ever remove uncertainty regarding the outcome
of an individual patient, but these tools do allow some empirical evidence to be
incorporated into the SDM process:

o0 Arnold and colleagues have developed outcome predictive models that
need to be used prospectively and validated (39).

0 The thresholds of an acceptable probability of optimal, suboptimal, and
poor outcome are somewhat arbitrary.

0 Theoretically, determining that a patient is likely to derive no benefit
from TAVR is 1 justification for procedural denial; this information
should be provided to patients and their families so that they can exercise
individual autonomy. Furthermore, physicians must be responsible
stewards of society’s limited resources (30,31,33,40-44).

0 Procedural denial based on imperfect predicative models and clinical
judgment does involve an ethical challenge for clinicians.

o0 Decision making in patients who may have reduced benefit from TAVR
does not necessarily mandate that the MDT team deny treatment;
however, it should initiate a more thoughtful discussion with the patient
and family before moving forward with TAVR. Utilization of palliative
care consultants is helpful.

e Progress has been made in identifying patient characteristics that are statistically
associated with markedly limited life expectancy and lower likelihood of
functional benefit after TAVR (44). No single one of these factors clearly
supports denial of TAVR as an option, but they inform the decision process and

discussion with the patient and family.
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These characteristics include ESRD or dialysis (45-49), advanced lung disease
(especially if oxygen dependent) (50,51), slow ambulation (6-minute walk time
<150m) (50), atrial fibrillation (45), poor left ventricular (LV) systolic function
(LVEF < 30%, LVSVI <35 mL/m?, impaired contractile reserve with dobutamine
stress echocardiography) (52), low aortic gradient (52), pulmonary hypertension
(42,51), severe organic mitral regurgitation (53), and Society of Thoracic
Surgery Predicted Risk of Mortality (STS-PROM) score >15% (35). Advanced
dementia and impaired cognitive ability, active cancer, marked musculoskeletal
disability, debilitating frailty, and severe cachexia and sarcopenia (low body
mass index) are other obvious conditions for which TAVR procedural denial may

be appropriate.

4.1.2.3 Predictive Risk Models

SDM has also been actively promoted by the professional society guidelines on the management

of VHD, incorporating both the MDT approach and the assessment of individualized patient risk

that is available

each procedure:

for both SAVR and TAVR. The following are recognized risk calculators for

Online STS Adult Cardiac Surgery Risk Calculator
(http://riskcalc.sts.org/stswebriskcalc/#/)

The STS/ACC TAVR In-Hospital Mortality Risk App available for download
(https://itunes.apple.com/us/app/tavr-risk-calculator/id1056654194?mt=8)

Comparing results from the STS calculator with those of the TAVR calculator for an individual

patient does not

offer equivalent information as the data utilized to create each of these

calculators come from a different source. Even though the STS surgery risk calculator was
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developed using early (30-day) death after open SAVR as the dependent variable, it was
convenient to use this risk score for patient selection in the early controlled TAVR trials. In the
PARTNER 1B trial, despite an overall approximately 20% improvement in late survival rate
compared with standard medical therapy, patients with an STS-PROM score over 15% who
received TAVR did not have any appreciable benefit in all-cause mortality out to 5 years (p =
0.075) (35). It was only with respect to cardiovascular death at 5 years that patients with an STS-
PROM score >15% who received TAVR lived significantly longer (p = 0.01) than did those who
received medical therapy (35). Therefore, when the STS-PROM score exceeds 15%, it is valuable

in deciding whether TAVR is futile and should be withheld or not.

4.2 SDM Requirements

It should be the goal of each TAVR program that patients participate meaningfully in their
healthcare decisions. To this end, patients should 1) be well-informed regarding their options; 2)
understand the risks and benefits presented using data on treatment options that are as patient-
specific as possible; 3) articulate their treatment- and recovery-related goals; 4) identify
preferences and values relative to their care; and 5) integrate these to make a final treatment

choice.

CMS has actively promoted this SDM process to enhance beneficiary engagement and incentives

in an SDM model:

“The Centers for Medicare & Medicaid Services (CMS) identifies strengthening
beneficiary engagement as one of the agency’s goals to help transform our health care
system into one that delivers better care, smarter spending, healthier people, and puts
individuals at the center. Specifically, the CMS Quality Strategy envisions health and

care that is person-centered, provides incentives for the right outcomes, is sustainable,
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emphasizes coordinated care and SDM, and relies on transparency of quality and cost

information (26)."

In the 2017 AHA/ACC Guidelines for the Management of Patients With Valvular Heart Disease,
the decision-making process was firmly placed into professional recommendations with a CLASS

| Level of Evidence C-LD:

The choice of type of prosthetic heart valve should be a shared decision-making process

that accounts for the patient’s values and preferences and includes discussion of the
indications for and risks of anticoagulant therapy and the potential need for and risk
associated with reintervention (54)

This has been modified to add emphasis on the shared decision making process.

The achievement of the goals of SDM can be challenging and time-consuming. As pointed out by
CMS, “practitioners have found it difficult to integrate SDM into their routine workflows for
various reasons such as overworked physicians, insufficient practitioner training, inadequate
clinical information systems, lack of consistent methods to measure that SDM is taking place, and
uncertainty as to whether, or how, to promote change and invest in the time, tools, and training

required to achieve meaningful SDM (26).”

Specific to the issue of SDM in TAVR and SAVR, several on-going efforts to develop decision
aids will be available to TAVR sites later in 2018. These aids will provide clinicians, patients,
and families with tools that will help institutions and patients exhibit the 5 features of meaningful

patient participation in their healthcare decisions listed above. The 2 efforts are
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1. A Patient-Centered Outcomes Research Institute (PCORI)sponsored project directed out
of the Duke Clinical Research Institute (DCRI) that features a web-based resource for
patient education regarding TAVR and SAVR, plus a patient-specific assessment of the
risks of TAVR and SAVR using quality measures from the STS/ACC TVT Registry (25).

2. An ACC CardioSmart-sponsored initiative directed out of the University of Colorado that
features 2 paper decision aids and web-based videos that address patients at moderate
SAVR risk who are making a choice between TAVR and SAVR (55), and patients

considered inoperable making a choice between TAVR and medical management (56).

5. Outcome Requirements

The outcome measures of quality and associated requirements are outlined in the accompanying
tables. Tables 4 and 5 include outcome measures of quality for percutaneous coronary
intervention (PCI) and SAVR. Table 1 includes outcome measures of quality for TAVR that are
the beginning of an evolution that can eventually bring TAVR measures close to the maturity,

validation, and sophistication of current SAVR measures.

The principal outcome measure for isolated SAVR from the STS National Database is a
composite score that comprises (1) risk-adjusted operative mortality (death occurring during the
index hospitalization or following transfer to another acute care facility, or death within 30 days
of surgery) and (2) the risk-adjusted occurrence of any of the following 5 major complications—
renal failure, stroke, cardiac reoperation, sternal infection/mediastinitis, or prolonged ventilation
(57). This measure relates to the fundamental goal of SAVR and TAVR: increasing the
likelihood of survival, full functionality, and improved QoL. This measure of SAVR outcomes
enables differentiation of site performance, with the subsequent assignment of a star rating to

each site.
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Outcomes measures for TAVR should also address the goals of care for predominately elderly
and frail patients with numerous comorbidities, with TAVR approval now extended for
intermediate-, high-, and extreme-risk patients. These features of TAVR patients highlight the
need to objectively assess whether TAVR improves functional state and QoL at 1 year as well as
the need to adjust TAVR outcomes measures for diverse patient characteristics. In future, SAVR
will also need to include assessments of 1-year outcomes, including patient-reported health status

with its QoL component.

The STS/ACC TVT Registry has incorporated patient-reported health status using the KCCQ,
which has been validated in aortic stenosis (AS) (58). The derived patient score gives valuable
information regarding the patient’s status both pre- and post-TAVR. The baseline score is useful
as a prognosis marker and the change in KCCQ post-TAVR is a marker of whether the patient
has derived benefit (32,59). Rehospitalization rates are additional measures of outcomes that can
be considered to assess broad aspects of care, including patient selection, procedure performance,
and postprocedure care. Table 2 incorporates some of these measures as future metrics for sites to

assess their performance.

Risk adjustment for 1 TAVR outcome—in-hospital mortality— has been developed, validated,
and reported quarterly by the STS/ACC TVT Registry (60). A 30-day risk-adjusted algorithm has
been developed and tested with implementation likely in 2018. Additional efforts to risk-adjust
other major outcomes are underway. A composite outcome that includes multiple morbidities
post-TAVR with risk-adjustment—similar to what is currently used for SAVR—is a future goal
for assessment of TAVR outcomes. Challenges in reporting outcome measures and statistical

approaches to addressing these challenges are discussed in Appendix 1.

All data used to fulfill the requirements to maintain a safe, efficient, and effective TAVR program

are currently generated from the STS/ACC TVT Registry for TAVR and STS National Database
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for SAVR. These requirements will maintain uniformity, consistency, and quality control for all
sites. Individual TAVR site reports are generated quarterly by the STS/ACC TVT Registry. Each
metric is accompanied by a national benchmark with a median value and interquartile range
(IQR) analyzed from the previous rolling 4 quarters of all site data submitted to the registry that
passes a data quality check. These national benchmarks are presented graphically using box plots
(see Figure 4). As shown in Tables 1 and 2, this method of individual site data presentation is a
convenient first step for programs to use as they assess their performance; however, the method
has important limitations. Box and whisker plots only include a site’s point estimate and do not
provide a measure of the substantial uncertainty associated with small sample sizes. We therefore
advocate the use of a widely employed alternative, the funnel plot, as described by Spiegelhalter
(61,62). This graphical approach has numerous advantages. They explicitly convey the greater
random fluctuation inherent to samples drawn from programs with lower volumes, and they can
be used with varying upper and lower control limits (e.g., 95% for outlier status, 90% for warning

status). The STS database reports are based on 3 years of data and advance every six months.

Table 1 shows the current and future primary (i.e., essential) performance metrics necessary for
maintenance of both TAVR and SAVR programs. These metrics were chosen by consensus of
expert opinion. One-year risk-adjusted mortality rate, composite measures, and patient-reported
health status (including QoL, which is part of the KCCQ questionnaire) will be future outcomes
metrics to be introduced into the maintenance requirements as the capabilities of the registry. In
2017, the STS/ACC TVT Registry started requiring a KCCQ metric comparing baseline and post-

TAVR scores.

Some warning signals for problematic performance are shown in Table 1 and include sites with
worse than expected performance for risk-adjusted measures for 2 consecutive reports, and points

falling outside the selected control limits on funnel plots for unadjusted measures. These findings
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mandate immediate attention to verify and remediate any quality issues. The TAVR center should
strongly consider seeking outside review of their 1-year performance goals, including evaluation
of their TAVR selection process and quality of care in the context of the challenges inherent in
caring for a patient population that is often elderly and burdened by numerous comorbid
conditions. There is broad agreement that excessive 1-year mortality and a low percentage of
patients reporting improvement would comprise a red flag for a program to reconsider their
approach and outcomes. For instance, pertinent questions include 1) Is the program performing
TAVR in many patients who may be at the futility stage of their condition? and 2) Is the program
having problems with subtandard procedure performance and postprocedure care? At the other
extreme would be a program that has very low 1-year mortality and a high percentage of patients
having higher than average KCCQ scores. This scenario raises other relevant questions. For
example, 1) Is the program denying treatment to some high-risk patients who might benefit? 2)
Does the program transfer more complex patients needing alternative access to another site? (This
may be appropriate.) 3) Are many patients undergoing TAVR at this institution within a lower-
risk category than national benchmarks, outside of the AUC recently developed for patients with

severe aortic stenosis (23), and outside of current FDA indications for use?
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Table 1: TAVR Program Performance Requirements: Minimum Quality Benchmarks for TAVR Sites

2018 Criteria
Primary Outcome Metrics Performance Requirement
In-hospital risk-adjusted all-cause mortality e Based on 95% confidence intervals and national benchmark data, the
program’s performance is “as expected” or “better than expected.”
30-day risk-adjusted all-cause mortality e Based on 95% confidence intervals and national benchmark data, the
program’s performance is “as expected” or “better than expected.”
30-day all-cause neurologic events, including TIAst e Funnel plots using 95% (outlier) and/or 90% (warning) limits to

indicate that the program’s performance falls within the selected
boundaries*

30-day major vascular complicationt e  Funnel plots using 95% (outlier) and/or 90% (warning) limits to
indicate that the program’s performance falls within the selected
boundaries*

30-day major bleedingt e Funnel plots using 95% (outlier) and/or 90% (warning) limits to
indicate that the program’s performance falls within the selected
boundaries *

30-day moderate or severe ARt e Funnel plots using 95% (outlier) and/or 90% (warning) limits to
indicate that the program’s performance falls within the selected
boundaries*

Primary 1-Year Outcome Metrics (in development)

1-year risk adjusted all-cause mortality

Patient-reported health status (KCCQ) at 30 days and 1 year versus baseline

30-day and 1-year risk-adjusted mortality and morbidity (composite index)

AR indicates aortic regurgitation; KCCQ, Kansas City Cardiomyopathy Questionnaire; and TIA, transient ischemic attack.

*As available for reporting.

TPresently only in-hospital and, shortly, 30-day mortality outcomes are risk adjusted. Therefore, other outcomes are not risk-adjusted and need to be interpreted in the context of
a program’s constellation of patients with their spectrum of characteristics that impact outcomes.
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Table 2 is a continuation roadmap for site MDT quality assessment/quality outcomes conferences
to regularly review each outcome metric in Tables 1 and 2, using nationally benchmarked data,
and have their data available, when appropriate, for internal and external review. Table 2 also
includes other secondary outcome metrics that should be monitored, evaluated, discussed, and
compared with TVT registry-generated benchmarks in order to enhance the overall performance

of a site program.

There are 2 important considerations in the use of Tables 1 and 2 for a site’s quality assessment
program. First, benchmarks should be continually updated given the substantial improvements in
TAVR outcomes over the past 5 years. The quarterly report of the STS/ACC TVT Registry
automatically updates these benchmarks on the basis of the last 4 quarters of reported data from
sites meeting data quality standards. Second, the case mix for a TAVR center may change over
time and may or may not be similar to the national average case mix of patients being treated at
all centers. Presently, only in-hospital and 30-day mortality outcomes are risk-adjusted.
Therefore, other outcomes are not risk-adjusted and need to be interpreted in the context of a
program’s constellation of patients and the spectrum of characteristics that impact outcomes. In
the quarterly STS/ACC TVT Registry report, sites can see a breakdown of their heart team’s
assessment of the number and percentage of patients in the categories of extreme/prohibitive,
high, intermediate, and low risk, with corresponding national statistics for the percentage of

patients in each risk category.

Table 2: TAVR Program Performance Requirements: Additional Criteria to Be Used as a

Roadmap for Quality Improvement for Each TAVR Program

2018 Criteria

Time Frame

Outcome Metrics

In-hospital

Procedure aborted
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Conversion to open heart surgery
Unplanned institution of mechanical
circulatory support

Valve-in-valve TAVR during
procedure

Cardiac arrest

Annular dissection

Aortic disruption/dissection

Device embolization

Device implant success

Acute kidney injury network (AKIN)
class stage 3

New pacemaker

30-Day 30-day all-cause rehospitalization rate
Patient-reported health status (KCCQ
score) of surviving patients at 30 days:
an increase in the KCCQ composite
score >10 points relative to baseline
1-Year All-cause mortality

Patient-reported health status (KCCQ
score) of surviving patients at 1 year:
an increase in the KCCQ composite
score >10 points relative to baseline

AKIN, indicates Acute Kidney Injury Network; IQR, intra-quartile range; KCCQ; Kansas City Cardiomyopathy
Questionnaire; TAVR, transcatheter aortic valve replacement; TIA, transient ischemic attack
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6. Registry Requirements

Measurement of a participating site’s quality of care is routinely presented to that site by the
quarterly reports in benchmarked format from the STS/ACC TVT Registry (63). Sites receive
reports on the quality and completeness of their data submission that determine if the submission
is included in national benchmarks (Figure 3). The quarterly reports include the site's data for the
last 4 quarters with key metrics presented relative to national benchmark descriptive statistics
(Figure 4), although as noted previously, these box and whisker plots do not account for random
statistical sampling error, especially from low-volume programs (i.e., there are no confidence
intervals provided).

Figure 3. STS/IACC TVT Registry Sample Report on Site-Reported Data Passing a Quality
Check

Current Timeframe Code Benchmark Inclusion Submission Type Included in Executive
Status Summary
2015Q3 e All Patients Yes
2015Q4 o All Patients Yes
2016Q1 e All Patients Yes
201602 e All Patients Yes
Benchmark Inclusion Indicates whether a submission will be included in the R4Q aggregated data
Status (benchmark) statistics. “Green, “Yellow” and “Red” stoplights denote this status.

e A “Green” status indicates the submission (one quarter/timeframe) is
included in the benchmark statistics. The data has successfully passed all data
and assessmentchecks.

Y A “Yellow” status indicates the submission (one quarter/timeframe) is not
included in the benchmark statistics. Datais displayed in the quarterly column,
butis notincluded in the “My Hospital R4Q"” summary. This data has not passed
the overall completeness checks.

A “Red” status indicates the submission (one quarter/timeframe) is not
included in the benchmark statistics. Datais not displayed in the quarterly

column.

A null or blank status indicates no submission has been received for that
quarter/timeframe. Datais not displayed in the quarterly column.
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Figure 4. STS/IACC TVT Registry Example of a Quarterly Report to Sites Providing Site
Performance in the Context of National Benchmark Statistics

Interpreting Box and Whisker Plots

Your hospital
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Distribution of Hospital Performance
10t percentile 90 percentile
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If your hospital scores If your hospital scores
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10™ Percentile — 90% of hospitals achieved “better” scores than the 10™ percentile.

25" Percentile or 1%t Quartile — 75% of hospitals achieved “better” scores than the 25™ percentile.

50t Percentile or 2" Quartile — Middle of the distribution: half of the hospitals’ data are above and half
are below the median.

75™ Percentile or 3" Quartile — 25% of hospitals achieved “better” scores than the 75" percentile.

90™ Percentile — 10% of hospitals achieved “better” scores than the 90™ percentile.

Your hospital position — “Your Hospital Position” is in relation to all other hospitals’ data.

A central feature of this document is the need for physicians, hospitals, and other members of the
MDT at the local level, in conjunction with professional societies at the national level, to develop
and implement a scientifically rigorous approach for quality measurements of TAVR. The NCDR
has extensive experience with the use of clinical registries to gather, analyze, and generate reports
for sites to assess and improve the quality of care at their site. The STS also has extensive
knowledge and experience with quality assessment specifically for SAVR. Using the past
experience of both of these societies, a similar approach for TAVR will be outlined (57,64). The
STS uses quality measures to provide members of their national database with a 1-3 star rating
system: 3 stars indicate highest performance, whereas 1 star indicates lowest performance in

SAVR (57,64). Centers providing TAVR, as a rapidly evolving therapy, should focus on the use
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of quality measures for individual site and national quality improvement activities and also for

performance assessment, public reporting, and documentation for pay-for-performance.

TAVR is still dynamic and rapidly evolving. Major clinical research issues remain unanswered.
Some of the critical unanswered questions for TAVR in 2018 are listed in Table 3. Submission of
data on all commercial TAVR cases to a national registry approved by CMS is an NCD
requirement for all TAVR technologies (27). The STS/ACC TVT Registry (NCT01737528) has
been approved by CMS to meet the registry requirements outlined in the NCD for TAVR (28).
This process of ongoing evidence development is a CMS responsibility and is likely to continue

as such for additional years.

The STS/ACC TVT Registry goes beyond the focus of clinical registries to monitor real-world
outcomes of a procedure. The STS/ACC TVT Registry data are provided to industry, FDA, and
CMS partners for post-approval studies, device safety surveillance, coverage with evidence

development, and expansion of indications (65).

Two major sources have provided the research infrastructure for learning about TAVR: industry-
sponsored investigational device exemption (IDE) pivotal randomized trials and clinical registries
sponsored by professional societies. The gathering of real-world data on TAVR in the United
States has been a primary function of the STS/ACC TVT Registry since 2012. The STS National
Database has gathered data on SAVR since 1989 (66). These clinical registries work with major
analytic centers and, in the case of TAVR and SAVR, the Duke Clinical Research Institute
(DCRI) houses the data and performs analyses. Most recently, investigation is underway for other

analytic centers to share in certain analyses and to include 1-year outcomes after SAVR (28).

The STS/ACC TVT Registry and the STS National Database have robust research and

publications processes. Since the inception of the STS/ACC TVT Research and Publications
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Committee, more than 200 proposals have been reviewed and more than 65 have been approved
for analysis (67). Any registry participant and other qualified institution can submit proposals.
Periodically the Steering Committee of the STS/ACC TVT Registry takes the lead on research
projects that are felt to be of high strategic importance. The list of publications and active
research studies continues to grow and can be viewed on the STS/ACC TVT Registry website
(67). The STS/IACC TVT Registry Steering Committee publishes an annual report that distributes
information regarding patient characteristics, processes of care, procedure details, and outcomes
from TAVR (68,69). These reports and other research projects have been greatly enhanced with
linkages to the CMS database, which have allowed an assessment of longer-term outcomes and

rehospitalization rates not captured in the STS/ACC TVT Registry.

The original purpose of clinical registries was to provide an assessment of the quality of care
delivered and to enable quality improvement for sites utilizing data that they had submitted to the
registry. National benchmarks are established by aggregating and analyzing the large volume of
patients being treated at all sites whose data passes a quality and completeness check (Figure 3).
This function of both the STS National Database and the STS/ACC TVT Registry is increasing in
importance and the uses for derived quality metrics are expanding. Voluntary public reporting has

started for cardiac surgery (http://publicreporting.sts.org/), PCI, and ICD implantation

(https://www.cardiosmart.org/Resources/Find-Your-Heart-a-Home) and will be launched for

TAVR in the near future. Patients and others increasingly demand transparency of site
performance reporting. In addition, assessment of care quality is increasingly linked to payment
for services. Another use of registry-based assessment of a site’s quality of care will start in 2019
with the publication of AUC for patients with severe aortic stenosis that includes use of TAVR
(23). Plans are underway to include the necessary data elements in the STS/ACC TVT Registry to
provide sites with standardized reports on the indication for TAVR in their patients. Site results

are self-reported to the STS/ACC TVT Registry and improvements in the completeness and
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accuracy of the data are part of an ongoing effort. The assessment of predicate site quality of care
using valid measures and the multifaceted critical uses of performance metrics underscore the
need for clinical registries and justify the time and expenses associated with data submission by

sites.

In this update on TAVR, there has been an emphasis on the need for programs to monitor the
quality of their care for both TAVR and SAVR. The 2 national registries provide regular reports
to all participating sites that include risk-adjustment of key outcomes and national benchmarks
that allow a site to compare themselves to others. This document on TAVR operator and
institutional requirements also provides a blueprint for sites using these quarterly reports for the

MDT to meet, discuss their results, and take actions to improve.

One of the most crucial components of research is complete, accurate, and timely data submission
from sites. Industry-sponsored research typically provides funding for data acquisition and
follow-up at the site level. Intense monitoring of investigative sites, the use of core labs, and
adjudication of end-points are standard best practices in pivotal research studies. The STS/ACC
TVT Registry uses site-reported data but without core labs and regular monitoring. The STS/ACC
TVT Registry, via DCRI, does adjudicate several key outcomes for TAVR (63). Both the
STS/ACC TVT Registry and STS National Database use a third-party external audit to assess
accuracy and completeness of data submission from sites. Site audits for the STS/ACC TVT
Registry underwent a pilot evaluation in 2016 and, in 2017, regular audits have started using
standards similar to those used by the STS National Database. The STS/ACC TVT Registry does
have an extensive data quality initiative (70). Both the STS National Database and the STS/ACC
TVT Registry provide feedback to sites on the quality and completeness of their data submission.
Importantly the STS/ACC TVT Registry requires sites to submit data on 1-year outcomes,

whereas the STS National Database has focused on 30-day outcomes.
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Additionally, the STS/ACC TVT Registry has incorporated several unique measurements of
frailty and requires preprocedure, 30-day, and 1-year assessments of patient-reported health status
using the KCCQ questionnaire. These new measures and the 1-year follow-up requirement have
challenged hospital sites, but in the last several years, there has been major progress in sites
collecting these data in the majority of patients at 1 year. Both STS and NCDR have annual
meetings for site data managers to provide them with best practices, networking opportunities,
general education, and training to improve their data submission performance. For professional
registries, the costs of data collection and submission fall upon the individual site.
Reimbursement by CMS for TAVR is contingent on participation in this national registry and
CMS should continue to understand real-life experience in a broad patient cohort and answer

guestions about long-term (1-year) survival and QoL after TAVR or SAVR.

Table 3: Examples of High-Priority Research Topics for TAVR

Topic Background
Optimizing patient selection and patient- The benefit of TAVR in terms of survival with
centered outcomes: preprocedure patient improved functional state and patient-reported
characteristics and 1-year outcomes health status is achieved at 1 year in approximately

2/3 patients who are inoperable or at high risk for
surgery (58). On average, -severe lung disease,
undergoing dialysis, and/or very poor baseline
health status were associated with lower
probability of benefit, but many with these
identifiers still benefitted. Can predictive models
be developed that would guide patient selection
and shared decision-making more accurately?
Best practices in TAVR and SAVR decision The spectrum of patients with severe aortic
making stenosis is broad and includes those who may not
benefit from AVR owing to extensive
comorbidities, those receiving TAVR who are
inoperable or high risk for SAVR, and those who
could undergo TAVR and SAVR at low to
intermediate risk. The optimal process for the
making of recommendations by multidisciplinary
teams has not been studied and the incorporation
of patient preferences involves a separate process
that is not well-described.
Real-world outcomes of TAVR in patients with  Published trials of intermediate risk were
intermediate surgical risk. conducted in highly selected sites using inclusion
and exclusion criteria. Real-world results from
over 500 sites in the US are likely to have a more
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Topic

Incidence, timing, predictors, and impact of
permanent pacemakers after TAVR using
current-generation TAVR technology and

implantation techniques.

TAVR site variations in patient selection,
procedure performance, site experience, yearly
case volumes, and outcomes

Long-term durability of bioprosthetic TAVR

and SAVR valves for both native aortic valve

disease and treatment of degenerated SAVR
valves

Frequency of leaflet thrombosis of tissue valves,
time of onset, association with clinical events,
modification with anticoagulation, and optimal
duration of anticoagulation

Background
diverse patient population. Are outcomes
comparable to those noted in clinical trials?
The need for permanent pacemakers following
TAVR remains substantial. Increasingly, patients
are discharged within 24-48 hours after discharge,
perhaps increasing the occurrence of CHB as an
outpatient event that could lead to sudden cardiac
death. What is the optimal management to
minimize CHB and the best means of identifying
those at risk?
With maturation of TAVR, there is a need to
understand variations between hospitals in the type
of patients being treated, metrics of site
performance, yearly case volume, and use of
multiple different TAVR technologies
As more patients are treated, the burden of
comorbid conditions is lowered. It is expected that
their increased survival of 5-10 years post-TAVR
will provide the opportunity to assess the
incidence, frequency, and associated factors
leading to structural valve deterioration
Recent data show leaflet thrombosis occurs in 13%
of TAVR bioprosthetic valves and 4% of SAVR
bioprosthetic valves (71). The median time from
SAVR to CT scanning was 163 days (79-417
IQR), and from TAVR to CT scanning, 58 days
(32-236 IQR). Warfarin and DOACs were
effective in preventing and resolving leaflet
thrombus. Leaflet thrombus was associated with
TIA and increased TAVR valve pressure gradients

CHB indicates complete heart block; CT, computed tomography; DOAC, direct oral anticoagulant; TAVR,
transcatheter aortic valve replacement; TIA, transient ischemic attack; SAVR, surgical aortic valve replacement

7. Criteria for Establishing a TAVR Program and

Maintenance of Competence

This document includes requirements that are readily achievable by many sites and not

considered exclusionary. In addition, the requirements are considered clinically reasonable on the

basis of expert opinion and are supported by data/evidence whenever possible. The 3 overall

goals of these requirements are
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1) To promote high standards regarding the quality of care for all patients with
aortic stenosis , whether they receive TAVR, SAVR, medical therapy, or
palliative care

2) To establish a blueprint for every TAVR site to have a process for critical self-
examination of their program’s performance of aortic valve replacement, both
TAVR and SAVR, as well as for continuous improvement using the objective
data provided by national benchmarks from the STS/ACC TVT Registry

3) To ensure patient evaluation and care decisions are performed with a patient-
family focus that incorporates SDM with respect to the relevant goals of the

patient and their medical care preferences.

7.1 Requirements and Recommendations for New TAVR Programs
(Table 4)

Since TAVR is now a widely available and standard form of therapy, an institution should not
initiate a TAVR program with a completely inexperienced MDT. New programs should have in
place processes for optimizing treatment selection and SDM, as outlined above. The specific
requirements for a new TAVR program (Table 4) encompass issues such as TAVR-specific

experience and training are as follows:

TAVR Proceduralist: A specific requirement for the initiation of a new TAVR site is a
full-time board-eligible or certified (in interventional cardiology or cardiothoracic surgery)
primary TAVR operator. The primary TAVR operator should be a member of the MDT at the
designated new institution where they spend at least 50% of their active practice time. The TAVR
proceduralist should possess prior experience at an active TAVR site and have participated in at
least 100 transfemoral TAVR cases with at least 50 cases as primary operator. Either a training

program director or TAVR medical director from an institution with an existing TAVR program
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should document prior case volume. If the primary proceduralist is a surgeon, then the other

physician needs to be an interventional cardiologist.

TAVR Surgeon: The cardiac surgeon must have performed at least 100 SAVRs/lifetime

or 50 SAVRs over 2 years with at least 20 SAVRs in the past year prior to initiation of the TAVR
program. Also, the same surgeon should spend at least 50% of his/her active practice in the

TAVR hospital.

Alternative-Access TAVR: New TAVR programs should obtain adequate volume and

outcomes in transfemoral TAVR before considering expansion to patients requiring alternative
access. Prior to expanding into alternative access, a new TAVR program should first complete at
least 80 TAVRs using transfemoral access with an STS/ACC TVT Registry 30-day all-cause
mortality above the bottom 25% of all TAVR programs for 2 consecutive quarters/year. The
writing committee’s consensus regarding the required 80 TAVR procedures was based on
information from referenced articles and expert opinion (7,9,10,72-79). Alliances should be
established between low-volume, high-quality programs serving geographic isolated areas or
programs caring for underserved populations and high-volume, high-quality programs in order to
care for patients needing alternative access and the higher-risk complex patient population

needing TAVR.

SAVR Program: A TAVR site should include an active open SAVR program to ensure

the full spectrum of care options is offered and to provide optimal patient-specific treatment. This
will also ensure the new site will have experience with TAVR complications and occasional
crossovers to SAVR. The new hospital site should have a minimum of 2 hospital-based, board-
eligible or certified (American Board of Thoracic Surgery) cardiac surgeons whose active
practice time is at least 50% at the TAVR/SAVR-specific hospital. The site hospital should

perform at least 40 SAVRs/prior year or 80 procedures over the prior 2 years. The newsite
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hospital should also demonstrate active quality assessment/quality improvement with active
participation in the STS National Database. Documentation of SAVR performance of the various

SAVR-type procedures described above as well as SAVR plus CABG will be required with an

STS rating of at least 2 stars for >2 consecutive reporting periods in the past year.

Managing TAVR-Related Issues: Minimum volume requirements for PCI and SAVR for

new programs reflect the process, infrastructure, and commitment needed for establishing a
comprehensive aortic valve program. Programs need to demonstrate experience in PCI, vascular
interventions, and SAVR. All programs should meet minimum quality metrics for clinical
outcomes. It is expected that new and existing programs are gathering data on PCI via a National
Quality Forum (NQF)-endorsed registry and on SAVR via the STS National Database. Therefore,
the 2018 criteria for a new program include a minimum volume of 300 PCl/year with active
participation in the NCDR/Cath PCI Registry or a validated state/multi-institutional database that
gathers adequate data elements and provides analysis such that individual sites can assess
performance with benchmarks for the key domains of patient selection, procedure performance,
and clinical outcomes. In addition, a performance level should be maintained using the quality
metric for in-hospital PCI mortality (NQF endorsed) above the bottom 25% of programs. The
institution should also have experience and competence in vascular arterial interventions (which
include thoracic endovascular aortic repair/endovascular aneurysm repair (TEVAR/EVAR);
carotid, renal artery, femoral artery, and coarctation stenting; and acute limb ischemia-related
interventions) to demonstrate its ability to handle TAVR access issues and complications. In
addition, the institution should possess an active cardiac pacemaker program with experienced,
competent physicians for both temporary and permanent pacemaker placement and management.
These on-site services should be available 24 hours/day and 7 days/week to handle conduction

disturbances after TAVR.
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Individual Site Requirement: Each site within a hospital system should meet the minimum

procedural volume, TVT registry, and TAVR personnel requirements to be eligible to become an
active TAVR program. Also, each site within a system should have proceduralists and surgeons
who spend at least 50% of their active practice time at that particular site and meet the minimum
requirements of procedures for eligibility at that site to become a program. There will be no
blanket eligibility for additional sites within a system based on the fact that 1 site within that

system met eligibility requirements.
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Table 4: Requirements for New TAVR Programs
2018 Criteria

There should be documentation of a multidisciplinary approach and of patient access to all forms of therapy for aortic valve disease (TAVR, SAVR,
and palliative and medical care) using an SDM process.
o For all patients with aortic stenosis meeting criteria for valve replacement, there should be documentation of thefollowing:
o Completion of an evaluation by both a cardiac surgeon and a cardiologist with knowledge and experience in both TAVR and SAVR
o Education of patients regarding the treatment recommendations and options by the multidisciplinaryteam
0 Use of an SDM process incorporating patient preference
e For patients undergoing TAVR, there should be documentation of evaluation by 1 surgeon involved in the TAVR program.
o For this requirement to fulfill CMS coverage criteria, the NCD should be updated as it currently recommends evaluation by 2
surgeons for all patients having TAVR.

The proposed TAVR proceduralist for a new TAVR program should document the following:
e Prior TAVR experience with participation in 100 transfemoral TAVRs lifetime, including 50 TAVRs as primary operator
e Being board eligible or certified in either interventional cardiology or cardiothoracicsurgery
o Certification of device-specific training on device(s) to be used.

The TAVR sites must have:
e The site must have documented expertise, state of the art technology and dedicated board certified imager that is a member of the MDT.
e Echocardiography: TTE, TEE and 3D
e CT Scan and MR imaging

The proposed TAVR surgeon for a new TAVR program should document the following:
e 100 lifetime SAVRs or 25 per prior year or 50 over 2 years and >20 SAVRs in the year prior to TAVR program initiation Board eligible or
certified by the American Board of Thoracic Surgery or equivalent

The institution should document the following prior to expanding into alternative-access TAVR (e.g., transapical, direct aortic, brachiocephalic

arteries, transcaval):

e Completion of 80 TAVRSs using transfemoral access with an STS/ACC TVT Registry 30-day risk-adjusted TAVR all-cause mortality “as
expected” or “better than expected”
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The institution should document the following concerning its SAVR program:
e >2 hospital-based cardiac surgeons who both spend >50% time at the hospital with the proposed TAVR program
e Minimum hospital SAVR volumet: 40 per prior year or 80 over 2 years
e Quality assessment/quality improvement program:
0 Active participation in the STS National Database or a validated state/multi-institutional consortium that gathers and reports risk-
adjusted and benchmarked outcomes **
0 Quality metric: STS 2- or 3-star rating for isolated AVR and AVR plus CABG in both reporting periods during the most recent
reporting year

The institution should document the following resources and experience:
o PCI
0 Minimum volume: 300 PCl/year
0 Active participation in the NCDR/Cath PCI Registry or a validated state/multi-institutional consortium that gathers and reports risk-
adjusted and benchmarked outcomes
o Quality metric: PCI in-hospital risk-adjusted mortality (NQF endorsed) above the bottom 25" percentile for the most recent 4 consecutive
quarters.
e Vascular interventions
0 Physicians experienced and competent in vascular arterial interventions*
e Pacemaker capabilities
0 Experienced and competent physicians for temporary and permanent pacemaker placement and management
0 On-site services should be available 24 hours/day and 7 days/week to handle conduction disturbances as a result of TAVR

Program directors are responsible for accurate reporting of multidisciplinary team clinical volume and outcomes to the STS/TVT Registry and the STS
National Database.**

Quality assessment/quality improvement program requirements:
e Active participation of institution in STS/ACC TVT Registry and STS National Database or a validated state/multi-institutional consortium
registry **
0 Registry submission of all cases using FDA-approved TAVR/SAVR technology, including off-label usest
0 Registry documentation that data submissions meet performance metrics for completeness and accuracy as defined by eachregistry
e Multidisciplinary team quarterly meetings with documentation of the following:
0 Review of institutional reports for TAVR (quarterly) and SAVR (semi-annually) from the STS/ACC TVT Registry and STS National
Database or an alternative approved registry
o0 Assessment and proposed actions if site performance for TAVR and SAVR is suboptimal relative to volume and quality requirements,
including national benchmarking of performance metrics as outlined in Tables 1 and 2
0 Presentation of selected TAVR/SAVR cases at quarterly mortality/morbidity conferences
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0 Documentation of incorporation of TAVR/SAVR AUC into patient selection process (23)

Continuing education requirements:

e Itis expected that the MDT will participate in appropriate CME.
*Vascular arterial interventions include TEVAR/EVAR, carotid stenting, renal artery stenting, iliac and femoral artery stenting, coarctation stenting, and acute limb ischemia related

interventions.
** Or analogous if only reporting to other state or national database.
t For the purposes of this document, the hospital volume requirement for SAVR is defined to include all aortic valve replacement (mechanical, bioprosthesis, homograft, autograft [Ross],

composite valve graft or root replacement) or aortic valve repair procedures, including concomitant valve resuspension for acute aortic dissection and valve-sparing aortic root
replacement. Simple adjuvant aortic valve procedures, e.g., suturing closed regurgitant aortic valves in an LVAD patient, excising a papillary fibroelastoma or thrombus, etc., are not

counted.

tDoes not include patients in ongoing clinical trials.
ACC indicates American College of Cardiology; AUC, appropriate use criteria; CMA, continuing medical education; NCD, National Coverage Decision; NQF, National Quality Forum;

EVAR, endovascular aneurysm repair (or endovascular aortic repair); PCI, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; STS, Society of Thoracic
Surgeons; TAVR, transcatheter aortic valve replacement; TEVAR, thoracic endovascular aortic/aneurysm repair; TVT, Transcatheter Valve Therapies
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7.2 Requirements and Recommendations for Existing TAVR
Programs (Table 5)

There will be a 2-year period to allow new programs to “bridge”, grow, and develop from a new
to an established program prior to the need to fulfill the requirements for an established program.
By the 3" year, new programs should have acquired sufficient experience for volume and
outcomes analysis, although earlier clusters of poor outcomes require attention even if not yet
statistically verified. Real-time performance-monitoring techniques such as cumulative sum
(CUSUM) or Variable Life Adjustment Display (VLAD) curves have been used effectively to

monitor safety as new techniques are introduced (80-86).

Table 5 outlines the requirements for continued certification for existing TAVR programs,
including procedure volume, essential personnel, infrastructure, quality assessment/quality
improvement processes, and acceptable levels of performance on outcomes. Existing TAVR
programs, like new TAVR programs, should have in place the processes and SDM outlined
above. This includes documentation of a multidisciplinary approach and patient access to all

forms of AVR.

Minimal TAVR volume requirements for TAVR proceduralists in new programs are based on
expert opinion and evidence regarding the association of volume with procedural safety,

efficiency, and patient outcomes (7,9,10,12,87-89).

TAVR volume and outcomes are gathered for commercial TAVR implants in the STS/ACC TVT
Registry. A site may have additional TAVR volume from clinical trials. The STS/ACC TVT
Registry will be used as the tool to provide clinical outcomes for individual sites to benchmark
their performance in relation to the national performance level. For outcomes that are risk

adjusted, a program’s results are judged against what would be expected for their specific case
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mix on the basis of data from the entire population of TAVR programs. These risk-adjusted
outcomes metrics are useful not only for external review, but also for performance evaluation in

order to focus quality improvement initiatives.

The quantity and quality of care standards are more extensive for existing TAVR programs than
for new ones. They include performance metrics based on national benchmarks, which are
derived from analyses of data from all existing TAVR programs that have submitted data meeting
the completeness and quality standards set by the STS/ACC TVT Registry. An existing TAVR
program should perform at least 50 TAVRs per year or 100 TAVRs over 2 years and maintain an
STS/ACC TVT Registry score above the bottom 10% for metrics outlined in Table 1. Quality
metrics must be monitored, including 1-year survival and functional improvement as assessed by

KCCQ.

Additionally, TAVR programs should maintain a minimum hospital SAVR volume of 30/year or
60 over 2 years and an STS star rating of >2 stars for at least 2 consecutive performance reporting
periods/year for both AVR and AVR plus CABG (or analogous quality standards if only
participating in other state or national registry). The institution should also maintain and
document consistent resources, experience, and quality outcomes for PCI, vascular interventions,

and pacemaker capabilities as outlined in Table 5.

On a quarterly basis, the MDT from each site should have a documented meeting to analyze and
compare their own quarterly STS/ACC TVT Registry data with the benchmark standards within
the registry. If site performance is suboptimal relative to either volume or quality performance
metrics, the MDT should outline a continuous quality improvement (CQI) action plan. In
addition, a quarterly mortality and morbidity MDT conference should be documented, with
selected cases presented and discussed as well as quality improvement actions initiated and

measurement tools implemented to assess the results of those actions. The MDT should also have
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a weekly meeting that follows a standardized process to present and discuss appropriateness of
TAVR/SAVR patient selection. It is expected that all members of the MDT will participate in

appropriate continuing medical education (CME).
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Table 5: Requirements for Continued Certification for Existing TAVR Programs
2018 Criteria

Optimal program characteristics include documentation of multidisciplinary approach and patient access to all forms of therapy for aortic valve
disease (TAVR, SAVR, and medical therapy) using an SDM process.
o For all patients with aortic stenosis meeting criteria for valve replacement, there should be documentation of thefollowing:
0 An evaluation completed by both a cardiac surgeon and cardiologist with knowledge and experience in both TAVR andSAVR;
0 Education of patients regarding the treatment recommendations and options;
0 The use of an SDM process incorporating patient preference.
e For patients undergoing TAVR, there should be documentation of an evaluation by 1 surgeon involved in the TAVR program.
0 For this requirement to meet CMS coverage criteria, the NCD recommendation of evaluation by 2 surgeons for all patients having
TAVR should be updated.

TAVR Volume and Quality Requirements
To have optimal outcomes, a program will have:
e >50 cases per year or 100 cases over 2 years
¢ Minimum quality requirement: STS/ACC TVT Registry-reported 30-day risk-adjusted all-cause TAVR mortality above the bottom 10% for
metrics outlined in Table 1.

To have optimal outcomes, a program will ensure program directors are responsible for accurately reporting MDT clinical volume and outcomes to
the STS/TVT Registry and the STS National Database.

To have optimal outcomes an institution will have the following resources and experience:
e PCI
0 >300 PCls/year
o0 Active participation in the NCDR/Cath PCI Registry or a validated state/multi-institutional consortium that gathers and reports risk-
adjusted and benchmarked outcomes
o PCl in-hospital risk-adjusted mortality (NQF endorsed) above the bottom 25" percentile for 4 consecutive quarters.
e Vascular interventions *
0 Experienced and competent physicians in vascular arterial interventions
e Pacemaker capabilities
o Experienced and competent physicians for temporary and permanent pacemaker placement and management.
0 On-site services available 24 hours/day and 7 days/week to handle conduction disturbances as a result of TAVR

SAVR Volume and Quality Requirements

To have optimal outcomes a program will have:
e >2 hospital-based cardiac surgeons who both spend >50% of their time at the hospital with the proposed TAVR program
e >30 SAVRs per prior year or 60 over 2 yearst
o quality assessment/quality improvement program:
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0 Active participation in STS National Database to monitor outcomes
0 Quality Metric: STS 2 or 3 star rating for isolated AVR and AVR + CABG in both reporting periods during the most recent
reporting year
To have optimal outcomes, a program will have a quality assessment/quality improvement program that includes:
e Active institutional participation in the STS/ACC TVT Registry and STS National Database or a validated state/multi-institutional
consortium registry
0 Registry submission of all commercial cases using FDA-approved TAVR/SAVR technology, including off-label uses.
0 Registry documentation that data submissions meet performance metrics for completeness and accuracy as defined by eachregistry
e MDT quarterly meetings, with documentation of the following:
0 Review of institutional reports for TAVR (quarterly) and SAVR (semiannually) from the STS/ACC TVT Registry or STS National
Database or an alternative approved registry
0 Assessment and proposed actions if site performance for TAVR and SAVR is suboptimal relative to volume and quality
requirements, including national benchmarking of performance metrics as outlined in Tables 1 and 2
0 Presentation of selected TAVR/SAVR cases at quarterly mortality/morbidity conferences.
e Documentation of incorporation of TAVR/SAVR AUC in the patient selection process (23)

To have optimal outcomes, all MDT members will participate in appropriate CME annually.

*Vascular arterial interventions include TEVAR/EVAR, carotid stenting, renal artery stenting, iliac and femoral artery stenting, coarctation stenting, and acute limb ischemia related
interventions.

t For the purposes of this hospital volume requirement SAVR is defined to include all aortic valve replacement (mechanical, bioprosthesis, homograft, autograft [Ross], composite valve
graft or root replacement) or aortic valve repair procedures, including concomitant valve resuspension for acute aortic dissection and valve-sparing aortic root replacement. Simple
adjuvant aortic valve procedures, e.g., suturing closed regurgitant aortic valves in an LVAD patient, excising a papillary fibroelastoma or thrombus, etc., are not counted.

ACC indicates American College of Cardiology; AUC, appropriate use criteria; FDA, Food and Drug Administration; NCD, National Coverage Decision; NCDR, National
Cardiovascular Data Registry; NQF, National Quality Forum; EVAR, endovascular aneurysm repair (or endovascular aortic repair); PCI, percutaneous coronary intervention; SAVR,
surgical aortic valve replacement; STS, Society of Thoracic Surgeons; TAVR, transcatheter aortic valve replacement; TEVAR, thoracic endovascular aortic/aneurysm repair; TVT,
Transcatheter Valve Therapies
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7.3 Requirements for SAVR
Truly patient-centered decision making requires a nuanced discussion of all options open to the
patient. Ideally, both TAVR and open SAVR options should be discussed with every patient

considering aortic valve replacement.

SAVR is performed today in large numbers and at low risk. A review of isolated AVR in U.S.
practice from 2001 to 2010 demonstrated an overall operative mortality rate of 3.0%, with 80.0%
of patients having a predicted risk of mortality (PROM) <4% using the STS risk model (90). The
observed operative mortality rate among this lowest risk stratum was 1.7%. As is the case for
TAVR, observed mortality and morbidity rates have continued to decline over time. Whereas
TAVR observed mortality has declined from 5.7% to 2.9% in the face of changing PROM (7% to
6% per the STS model and 4% to 3% per the TVT model) (69), observed surgical mortality has
remained stable in the lowest risk groups but declined in the intermediate- and high-risk groups
(from 6.4% to 5.4% [intermediate risk, < 4% - 8% PROM]; and 14.4% to 11.9% [high risk >8%
PROMY]). The stroke rate has remained stable at 1.5% overall just as it has for TAVR (2.1%).
Interest in minimally invasive approaches to reduce morbidity further are encouraging, with data
suggesting reductions in blood transfusion and pain scores as well as improved respiratory

function associated with alternative incisions (91).

Many studies have demonstrated a volume-outcomes relationship for SAVR (92-97), as is the
case for many other procedures (98). Birkmeyer and colleagues demonstrated an almost 30%
lower mortality rate (9.1% vs. 6.5%) for SAVR performed by high-volume (> 42/year) vs. low-
volume (<22/yr) surgeons using the Medicare claims administrative database. A hospital volume
effect was observed as well for SAVR but was 100% attributable to surgeon volume in their

study. These same investigators demonstrated that the volume effect holds true for both high- and
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low-risk patients (99). In contrast, Patel and colleagues demonstrated the opposite, with a hospital
volume effect but no surgeon volume effect in Michigan in a more recent study performed using a
statewide clinical database (93). This demonstrates the challenges of utilizing alternate database
sources but confirms that the existence of an outcomes/volume relationship. Unsurprisingly, an
outcomes/volume relationship holds for the more complex aortic root replacement procedures

(100,101).

Importantly, SAVR also makes possible a variety of complex reparative procedures, such as
associated atrial fibrillation ablation procedures and implantation of a variety of prostheses
ranging from human allografts (“homografts™) to current-generation tissue valves and mechanical
prostheses. Furthermore, the pulmonary autograft operation may restore the patient to the
expected survival curve for an age-matched population (102). Arguably, the decision between
prosthetic options, including both tissue and mechanical valves, should be presented first since

TAVR restricts one to a tissue option.

Just as there has been remarkable technological progress in transcatheter prostheses,
improvements in both tissue and mechanical prostheses are lessening the burden of “prosthetic
valve disease.” Currently employed surgical valve designs demonstrate freedom from explant due
to structural valve deterioration (SVD) as low as 5.4% in one large, single-institution study (103)
and actuarial freedom from SVD at 15 years of 78.6% and expected valve durability of 19.7 years
in another study (104). The durability of currently available fourth-generation tissue valves is yet
to be seen, but improvements in design are increasing the use of tissue prostheses. Whereas the
traditional standard used to assess durability of SAVR valves has been reoperation, the standards
currently being applied to TAVR valves are more stringent and based on changes in pressure

gradients and degree of central aortic regurgitation that may or may not be associated with
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symptoms. Ongoing studies have begun applying the same metrics to SAVR and TAVR valves in

randomized trials in low-risk patients.

The evolution of valve-in-valve (ViV) deployment of TAVR prostheses offers an alternative
approach to dealing with tissue valve degeneration, although the operative risk reported with open
reoperation is low (105). Recently, the use of high-pressure balloons to fracture failed surgical
implants in order to facilitate larger TAVR implants has been described (106,107). The ViV
option has important implications for planning the initial implant, including favoring larger
prostheses to minimize the anticipated gradient after ViV deployment. A controversial question
concerns the advisability of adding aortic root enlargement to accomplish this aim, although
evidence suggests there is no increased operative risk in experienced hands (108). The ViV

consideration may also favor stented over stentless xenograft procedures (109).

Mechanical valve prostheses continue to play an important role despite the secular momentum in
favor of placing tissue valves even in younger patients. Recent population-based data support
arguments that, despite this trend, there may be a survival advantage associated with mechanical
valves among patients in the 50-69 year age range (110). This is particularly important as TAVR
indications are expanded to ever lower and lower-risk patients. Progress in mechanical valve
design has focused on improved biocompatibility permitting lower target international normalized
ratio (INR). A recent prospective randomized study demonstrated the safety of a lower target INR
of 1.5-2.0 for a new-generation mechanical valve, with resultant reduction in major bleeding
events by over half at no increased risk of stroke (111). A reduction in bleeding events without
increase in thromboembolism has also been demonstrated when telemedicine-guided
anticoagulation with home testing is employed (112). Use of these new-generation mechanical

valves with home INR testing has shown bleeding and thromboembolism rates comparable to
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tissue prostheses and suggests a mortality benefit at 7.5 years for mechanical valves over tissue in

patients younger than age 65 (113).

The role of aortic valve repair procedures continues to be explored, offering hope for a solution
free of “prosthetic valve disease,” with its risks of thrombosis, bleeding, infection, and structural
deterioration. (114). Valve-sparing and preserving interventions on the aortic root are also gaining

wider application as an alternative to composite root replacement (115).
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7.3.1 SAVR-only Programs

In an effort to attain equivalence for the care of patients with aortic valve disease at all

institutions, emphasis at SAVR-only sites must be placed on the larger context and specifically on

the broader goal of optimizing patient care. Therefore, programs that offer SAVR only should

have the resources and processes in place to ensure adherence to the following recommendations:

1)

2)

3)

4)

Presence of an MDT. The rationale for this is that no one individual, group, or specialty
possesses all the necessary skills for optimal patient outcomes (13,17) and that the
success of these programs depends on a group of professionals working together, each
with their own skillset, to provide the best possible patient-centered care. The MDT is an

essential requirement.

MDT evaluation of patients. This should include a thorough clinical and laboratory
evaluation, as well as appropriate cardiac imaging (electrocardiogram, echocardiogram,
coronary angiography, and computed tomography as needed). Details are in Section 3.2.
The MDT incorporates relevant professional management guidelines and AUC for all

forms of care, including TAVR, SAVR, medical therapy, and palliative care.

Incorporation of best practices for educating patients and their families. The
rationale for broad and extensive education is to facilitate true SDM by the patient and

designated family/caregivers and clinicians.

Implementation of patient-family SDM that incorporates patient preferences. The
patient and family are first priority in SDM with respect to the relevant goals of the
patient and their medical care preferences, even if this means losing the patient to another

institution.
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5)

6)

7)

8)

Documentation by the MDT that each patient has been made aware of all types of
techniques for aortic valve replacement as well as the risks and benefits of each,
whether they are a candidate for treatment with TAVR, SAVR, or both forms of
therapy. In addition, the patient should be informed about which therapies are available
at their hospital. The volume and outcomes for aortic valve replacement for the site
should be discussed with the patient. This sets the stage for SDM with the key element of

incorporating patient preferences.

Education of patients regarding the MDT’s recommendations regarding different
treatment options, which are based on objective and validated resources and decision

aids.

Submission of data on all commercial SAVR cases to the STS National Database.
This is an NCD requirement for all SAVR technologies.

Process of self-examination. Every SAVR-only site must have a process for critical self-
examination of their program’s performance of aortic valve replacement, as well as a
process for continuous improvement using the objective data provided by national

benchmarks from the STS National Database.

To ensure patients are meaningfully participating in SDM, each SAVR program should ensure

that patients: 1) are well-informed regarding their options; 2) understand risks and benefits

presented using validated objective data on treatment options that are as patient-specific as

possible; 3) articulate their treatment-related goals; 4) identify their preferences and values in

relation to their care; and 5) synthesize this knowledge of options, risks and benefits, goals,

preferences, and values in order to make a final treatment choice.

8. Compliance with Document Recommendations
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Professional societies have worked diligently to develop fair and objective requirements for
institutions and individual operators who are part of new and existing TAVR programs, with the
main goal of optimizing the quality of care for patients with aortic valve disease.

Compliance with professional society recommendations, while voluntary, is expected. This
document provides institutions with a blueprint for monitoring program outcomes for TAVR and

SAVR and for developing and maintaining a quality improvement program.

The CMS NCD documents have been in effect since 2012. For TAVR, the NCD is currently
based on compliance with the institutional and operator requirements listed in the Multisociety
(AATS, ACCF, SCAI, and STS) Expert Consensus Statement: Operator and Institutional
Requirements for Transcatheter Valve Repair and Replacement, Part 1: Transcatheter Aortic
Valve Replacement (1). Compliance with the NCD for TAVR allows coverage and payment from
Medicare. CMS has the right to deny coverage and the ability to sunset the NCD document when

the key questions have been satisfactorily answered.

This writing committee recommends that the STS/ACC TVT Registry and the STS National

Database™ and their parent professional societies undertake following actions:

e Producing an annual report using adjusted outcomes based on stable and well-validated
statistical models that is available, published in professional journals, provided to CMS,
and contains the following summary statistics:

0 Number of all active TAVR sites and frequency distribution of yearly site
volume. The report should identify the number and percentage of active TAVR
sites whose yearly volume falls below the minimum requirements outlined in this

document.
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o0 Number of all active SAVR sites and frequency distribution of yearly site

volume. The report should identify the number and percentage of active SAVR
sites whose yearly volume falls below the minimum requirement for a
complementary TAVR program. For the purposes of this document, the hospital
volume requirement for SAVR is defined as including all aortic valve
replacement (mechanical, bioprosthesis, homograft, autograft [Ross], composite
valve graft, and root replacement) and aortic valve repair procedures, including
concomitant valve resuspension for acute aortic dissection and valve-sparing
aortic root replacement, done alone or in conjunction with other cardiac
procedures. Simple adjuvant aortic valve procedures (e.g., suturing closed
regurgitant aortic valves in an LVAD patient, excising a papillary fibroelastoma
or thrombus) are not counted.

Number of active TAVR sites that both meet and fail to meet the data qualityand
completeness requirements of the STS/ACC TVT Registry.

Number of active SAVR sites that both meet and fail to meet the data quality and
completeness requirements of the STS National Database.

Number of TAVR sites that meet and fail to meet the outcomes standards

outlined in Table 1.

0 Number of SAVR sites that achieve each category of star rating.

¢ TAVR and SAVR sites that fail to meet volume, quality of care, and compliance for

reporting performance metrics as outlined in this document should receive a letter from

the relevant national registry informing them of this finding.

e Professional societies should consider means of helping sites and physicians who are

failing to meet the quality of care and compliance for reporting performance metrics for

TAVR and SAVR.
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Professional societies should work with all stakeholders to ensure recommendations are met in a

manner that ensures quality care.
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9. Conclusion

TAVR has matured as a therapeutic option for patients requiring aortic valve replacement.

In the prior 2012 document (1), the operator requirements were based on skills that would be
necessary to perform TAVR. At this time, it is felt that such skills are best learned by doing
TAVR. Therefore, the prerequisite skills have been replaced by TAVR experience. The 2018
document provides additional quality metrics that complement requirements that were surrogates
for TAVR skills as indicators for quality of care as presented in the 2012 document (1). TAVR

case volume requirements provide a structural measure to ensure foundational data minimums.

This remains an evolving field with continual changes in indications, equipment, technique, and
clinical outcomes. As the indications expand to younger patients, assessing the structural
durability of the valve is critical. This document reflects the current state of the art and is

designed to evolve with the field.
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Appendix 1: Measurement Statistical Approaches

TAVR Program Performance Requirements: Minimum Quality Benchmarks for Each
TAVR Site

Since TAVR is an evolving form of treatment impacted by continual improvement in advanced
devices and simplification of procedures, the outcome thresholds for quality of care will be
moving targets. Therefore, the mechanism of data presentation and interpretation will be
determined using risk adjusted individual and composite outcomes based on the accumulation of
data through the 4 most current rolling quarters of data, presented in a variety of formats
including box and whisker plots (which do not account for random sampling variation, especially
at lower volume programs), funnel plots (which visually demonstrate sampling variation at low
volumes, and accommodate various control limits [e.g., 90%, 95%]), and statistical hypothesis
testing for risk adjusted measures (as expected, better than expected, worse than expected) Data

presentation and analyses will be continuously updated based on the most recent data.

Statistical Challenge of Correctly Identifying Poor Performing TAVR programs with Low

Annual Volumes

The writing committee acknowledges the difficulty in correctly assessing the performance of low
volume programs. The confidence intervals around a binary event such as death increase
dramatically at lower volumes, producing a “funnel on its side” appearance with the wide end at
low volumes. Because of these wide confidence intervals, the results from a low volume (small
sample size) program have substantial statistical uncertainty. It is difficult to ascertain from this
sample what the true underlying performance is of such a program. In contrast, the narrower
confidence limits inherent with high volume programs (large sample size) means more certain
estimate of their true underlying performance, enabling their observed performance to be

compared with what would be expected for their case mix. Restating, some low volume
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programs could potentially have better or worse than expected performance over the long-term
with additional observations, but we cannot currently classify them as outliers due to their small

sample sizes.

To help mitigate the statistical challenges of evaluating low volume programs, a 3-year rolling
data time frame is recommended to provide more observations and to better assess true
differences in outcomes. In the future, composite, multidimensional performance measures will

further increase the effective number of endpoints.

Consistent with standard profiling practice, the committee recommends identifying true quality
outliers as having risk-adjusted performance that is statistically significantly different than
expected for their case mix, based on the overall performance of the benchmark population of
providers for similar patients. Statistical significance is usually determined by assessing whether
the 95% confidence intervals around the provider’s point estimate of risk-adjusted mortality
include the overall average mortality, or whether the confidence intervals around their ratio of
observed to expected mortality include unity (one). Low volume centers, particularly newer
programs with less than 3 year rolling data, need to be vigilant in their own internal assessments
if “signals” or “trends” for poor quality are appreciated despite not reaching a 95% confidence

level due to the challenge of accurate assessment of low volume center quality.

To provide larger sample sizes and greater statistical power, there will be a 2 year grace period
for new sites to accumulate a sufficient number of cases before full accountability of outcomes is
required. Prior to the completion of the two year grace period, worrisome trends in sub-optimal
outcomes should be addressed with action plans to enhance clinical performance. Minimum
yearly volume of cases is recommended to assure program process resources are maintained and

statistical relevance of outcomes.
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If problematic performance is suggested by any of the performance monitoring approaches listed
above, immediate and robust investigation and remediation is indicated. The document outlines
requirements for a monthly mortality conference, quarterly sessions to analyze TVT Registry
outcomes and semi-annual STS National Database outcomes, with documentation of process and
corrective initiatives for improvement of individual and composite outcomes. For risk adjusted
outcomes or funnel plots, less restrictive confidence intervals or control limits (e.g., 90%) may be
used as warning signals that warrant internal investigation and performance improvement,
whereas 95% intervals or control limits may be used to more confidently identify outliers. In the
latter case, the institution should sponsor an external review to assess the program and make

performance improvement recommendations.
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Appendix 4: Abbreviations

ACC American College of Cardiology

AATS American Association for Thoracic Surgery
AS aortic stenosis

AUC appropriate use criteria

AVR aortic valve replacement

CMS Center for Medicare and Medicaid Services
KCCQ Kansas City Cardiomyopathy Questionnaire
MDT multidisciplinary team

NCD National Coverage Determination

QoL quality of life

SAVR surgical AVR

SCAI Society for Cardiovascular Angiography and Interventions
SDM shared decision making

STS Society of Thoracic Surgeons

TAVR transcatheter aortic valve replacement

TVT transcatheter valve therapies

VHD valvular heart disease
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