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1. PREAMBLE 1 

 2 

This statement was commissioned as a multi-society expert consensus system of care document 3 

by the American Association for Thoracic Surgery (AATS), the American College of Cardiology 4 

(ACC), the American Society of Echocardiography (ASE), Society for Cardiovascular 5 

Angiography and Interventions (SCAI), and Society of Thoracic Surgeons (STS). Expert 6 

consensus systems of care documents are intended to summarize the position of these partnering 7 

organizations on the availability, delivery, organization and quality of cardiovascular care with 8 

the intention of establishing appropriate benchmarks. These systems of care documents are 9 

overseen by the ACC Task Force on Health Policy Statements and Systems of Care.  10 

With the rapid evolution and dissemination of transcatheter technologies, as well as 11 

advances in surgical repair and valve replacement techniques, there is an imperative for the 12 

cardiovascular community to establish the provider, institutional and systems-based standards for 13 

delivery of high-quality valvular heart disease (VHD) care. The AATS, ACC, ASE, SCAI and 14 

STS have, therefore, joined together to provide expert-consensus, and wherever feasible, 15 

evidence-based, recommendations for systems of care related to VHD, in the spirit of optimizing 16 

the balance between access to services and quality outcomes. The writing group anticipates that 17 

future updates to this consensus statement will be necessary as newer imaging and treatment 18 

technologies become available and more data are generated regarding patient outcomes, cost and 19 

cost-effectiveness. 20 

Dharam J. Kumbhani, MD, SM, FACC 21 

Chair, ACC Task Force on Health Policy Statements and Systems of Care 22 

  23 
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2. INTRODUCTION 1 

 2 

2.1. Background 3 

 4 
The past decade has witnessed dramatic changes in the evaluation and management of patients 5 

with VHD. Noninvasive imaging now provides reliable, reproducible and objective 6 

measurements of valve disease severity and any associated hemodynamic and structural 7 

consequences.  There is enhanced understanding of the natural history of patients with VHD, 8 

based upon longitudinal studies of large numbers of patients that associate outcomes with 9 

Doppler/hemodynamic measurements, as well as with data obtained during exercise testing. 10 

Advances in surgical techniques, especially those associated with valve repair, improved 11 

operative results and modern post-operative management strategies have contributed 12 

substantially to better patient outcomes.  Transcatheter valve replacement has revolutionized the 13 

treatment of patients with symptomatic, severe aortic stenosis (AS) and now provides a less 14 

invasive treatment option for many patients.  Transcatheter repair of mitral regurgitation 15 

occupies a specific treatment niche, whereas transcatheter mitral valve replacement is the subject 16 

of intense investigation.  Overall, these collective advances have led to a wider spectrum of 17 

treatment options, as well as lower thresholds for and earlier timing of valve intervention in the 18 

minimally symptomatic or asymptomatic patient, and the extension of treatment to an older, 19 

sicker, and more frail population (1,2). 20 

The number of patients with significant VHD who could benefit from appropriate 21 

intervention increases as a function of age. The elderly is the fastest growing segment of the U.S. 22 

population today and in the foreseeable future.  Estimates of the prevalence of moderate or 23 

severe aortic or mitral disease in U.S. patients over the age of 75 years now approach 4% and 24 

10%, respectively (3). The prevalence of moderate or severe VHD in a large-scale community 25 
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screening program of patients over age 65 years in the United Kingdom exceeded 11%, with a 1 

projected doubling before 2050 (4).  The number of patients who will be eligible for 2 

transcatheter aortic valve replacement (TAVR) is estimated to increase four-fold over the next 5 3 

years (5,6).  Accordingly, implementation of optimal treatment strategies for patients with VHD 4 

will affect a sizable portion of the U.S. population both now and over the near to intermediate 5 

term.  As the complexity and cost of diagnosis and treatment continue to increase, it is no longer 6 

feasible for all cardiac centers to provide the entire suite of resources and panel of clinical 7 

experts necessary to care for the full spectrum of patients with VHD. Competition, geographical 8 

barriers and misaligned financial incentives may also lead to variations in institutional volumes 9 

and experience that detract from the ability to optimize patient outcomes. An interconnected 10 

system of providers and institutions may help strike the right balance between access and quality 11 

outcomes.  12 

 13 

2.2.  Statement of the Problem 14 
The optimal management of patients with VHD is a complex process, starting with recognition 15 

and diagnosis of patients with VHD at the primary care/general cardiology level, appropriate 16 

timing of referral for intervention, opportunity for shared decision-making (SDM), and long-term 17 

follow-up. In the past, intervention for VHD was delayed until the onset of severe symptoms.  18 

However, it is now recognized that the long-standing effects of VHD can lead to irreversible 19 

changes in left ventricular function, repetitive hospitalizations, patient morbidity (e.g., atrial 20 

fibrillation [AF], heart failure, endocarditis), reduced quality of life and premature mortality that 21 

might have been prevented by earlier treatment. The 2014 AHA/ACC VHD Guideline and its 22 

2017 Focused Update proposed criteria for appropriate timing of referral and intervention, but 23 

the extent to which these recommendations are followed is highly variable and not tracked 24 
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systematically.  Prior studies estimated that nearly 30-50% of patients with severe VHD who met 1 

guideline criteria for intervention were not appropriately recognized or referred (7,8). 2 

There are an increasing number of treatment options available to patients with VHD, yet 3 

not all patients are aware of or have access to the full spectrum of interventions. In many patients 4 

with severe primary MR, for example, it is well recognized that mitral valve repair is superior to 5 

mitral valve replacement when it can be performed by a technically competent surgeon (9-11).  6 

However, repair rates for primary MR vary among individual surgeons and their respective 7 

institutions (12-16). Although repair rates for primary MR have increased over time (17-19), 8 

there remains concern that many patients with anatomy amenable to repair may undergo valve 9 

replacement unnecessarily, with adverse downstream consequences related to left ventricular 10 

(LV) dysfunction and the presence of a prosthesis (20,21). Patients with symptomatic severe AS 11 

may only be offered one form of therapy, such as surgical aortic valve replacement (SAVR), and 12 

not be informed that they meet an indication for TAVR.  Alternatively, AS patients may only be 13 

offered TAVR, when SAVR might be a more appropriate option and no opportunity for SDM 14 

has been pursued.  There are less invasive procedures for patients with selected valve related 15 

problems that are performed only at certain institutions, such as percutaneous closure of 16 

paravalvular leaks, alternative access (non-transfemoral) TAVR and valve-in-valve procedures 17 

for degenerated bioprostheses.   It is important for elderly and frail patients that discussions 18 

surrounding the goals of management be held, including the recognition that a more palliative 19 

approach may be appropriate for those in whom intervention would not predictably improve 20 

survival or quality of life. In the United States, a relatively high proportion of prohibitive or high 21 

surgical risk patients undergoing TAVR either die or have no clinical improvement at one year 22 

follow-up (22).  23 
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Multi-societal expert consensus statements regarding operator and institutional 1 

requirements for TAVR and transcatheter mitral valve interventions (23-25) provide a starting 2 

point for the discussion regarding the establishment of integrated systems of care for patients 3 

with VHD (Figure 1).  4 

Figure 1. Relationships Among Primary Care Physicians, General Cardiologists and Valve 5 

Centers 6 

 7 

Patients and referring physicians may be unaware of specific physician competencies or 8 

experience, center volumes, structure, processes or reported outcomes. Transparency and ease of 9 

referral to a center with a higher density of services and proven track record benchmarked 10 

against national standards, especially as pertains to the care of more complex VHD patients, are 11 

desirable.  12 

 13 

2.3. Purpose of the Document 14 
 15 

A systems approach to the management of patients with VHD could help facilitate access to care, 16 

allow for consideration of patient needs across the continuum of disease severity, apportion care 17 
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among centers in a manner analogous to those adopted for the management of other 1 

medical/surgical disorders (26,27) and improve outcomes. This strategy is based on the 2 

identification and creation of 2 tiers of valve centers, namely comprehensive (Level I) and 3 

primary (Level II) valve centers, the attributes of which should be defined by objective criteria. 4 

The guiding principle in such a model would be to optimize the care of the individual patient by 5 

ensuring access to the right care, in the right place, at the right time, while promoting SDM and 6 

respecting individual values and preferences.     7 

A basic knowledge of VHD pathophysiology, patient assessment and treatment options is 8 

expected across all levels of providers, beginning with primary care and general cardiology 9 

clinicians.  It is the responsibility of our professional societies and valve centers to provide 10 

education, support and guidance for the appropriate treatment of VHD patients and to minimize 11 

the management gaps that exist in practice. Many sections of the 2014 AHA/ACC Guidelines for 12 

the Management of Patients with VHD are a resource for the primary care physician/general 13 

cardiologist. In addition, there are several ongoing ACC efforts to provide concise and relevant 14 

tools for VHD patient diagnosis and treatment, including through such projects as Championing 15 

of Care for the Patient with Aortic Stenosis, Managing Aortic Stenosis and Emerging Mitral 16 

Regurgitation Clinical Care (EMC2) initiatives.  Any system of care must begin at the local level 17 

with community providers and primary (Level II) valve centers with open communication and 18 

collaboration with a comprehensive (Level I) center (Figure 1).   19 

Several patient cohorts may require the higher level of expertise that can only be offered 20 

in a more comprehensive (Level I) valve center. These include many patients with severe, 21 

primary MR with complex valve pathology in whom a durable repair is desired.  A subset of 22 

these patients are particularly challenging or high risk on the basis of certain echocardiographic 23 
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findings, such as bileaflet disease, Barlow’s disease, or extensive annular calcification. Operation 1 

on the asymptomatic patient with severe primary MR and a preserved ejection fraction before the 2 

onset of left ventricular dysfunction is a complex decision that hinges critically on the 3 

predictability of a successful and durable repair (1,2,13).   Successful management of AF at the 4 

time of mitral valve surgery tracks with surgeon experience and the scope of the chosen ablation 5 

procedure (28,29). As is the case for essentially all cardiac surgical procedures, clear volume-6 

outcome relationships have been established for TAVR (30,31). Presently, not all surgical 7 

centers offer TAVR and hence not all patients may have access to this technology, even when it 8 

might be considered preferable to operative intervention. Alternative access site TAVR (e.g., 9 

transapical, transarterial) is an additional consideration for some patients and requires specialized 10 

expertise. Results with SAVR also vary (28,32). The expertise to perform more complicated 11 

operations including aortic valve repair, valve-sparing root reconstruction, root enlargement, 12 

composite valve graft replacement, ascending aortic/hemi-arch replacement or myectomy for 13 

subvalvular obstruction is not widespread.  14 

The intent of this document is to propose a system of care for patients with VHD, with 15 

the primary goal to optimize clinical outcomes. This approach is intended to increase the 16 

recognition of patients with VHD, emphasize best practices as captured in the 2014 AHA/ACC 17 

Guidelines for the Management of Patients with VHD (2) and its 2017 Focused Update (33), 18 

promote the efficient utilization of resources, facilitate communication and continuity of care 19 

among providers, and underscore the need for transparency and accountability. Standards are 20 

proposed for the optimal structure and function of valve centers (34) , as well as key processes of 21 

care. It is important that centers not only perform certain procedures but also have 22 

multidisciplinary teams (MDTs) capable of fully assessing and managing patients with VHD 23 
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according to evidence-based guidelines, while providing the opportunity for informed, SDM 1 

with the patient and family. The MDT is also responsible for maintaining performance standards 2 

and improving quality.  Public reporting of volumes and outcomes is a critical part of the 3 

continuous quality improvement process, and risk-adjusted results should be transparently 4 

available to referring physicians, patients and families.  The potential implications and 5 

unintended consequences of creating such a system of care are reviewed.  6 

3. METHODS  7 

 8 

The ACC convened the Evolving Valve Management Strategies Roundtable in December 2016. 9 

The Roundtable was a multidisciplinary effort to facilitate the identification of gaps and 10 

challenges in the care of patients with VHD. The Roundtable is a component of the ACC’s 11 

Succeed in Managing Heart Disease Initiative. Multiple medical and surgical sub-specialty areas 12 

and advanced practice clinicians participated in the Roundtable, as well as representatives of 13 

government (pre- and post-market FDA, CMS, NIH) and industry, integrated health systems and 14 

patient groups. (see Appendix 4) The discussions identified support for the goals of providing 15 

VHD patients access to an integrated system of care delivery, assuring rigorous quality 16 

assessment and improvement, and focusing on patient-centered outcomes.  Based upon these 17 

discussions, a writing committee was formed to create a proposal outlining the structure, 18 

processes and essential components of an integrated system of care for VHD patients. 19 

The writing committee was composed of representatives from the AATS, ACC, ASE, SCAI, 20 

and STS. Established systems of care for the treatment of several other acute (trauma, stroke, 21 

STEMI) and non-acute (bariatric surgery, cancer) disorders were reviewed by the committee. A 22 

leading member of the Brain Attack Coalition had previously outlined and discussed their 23 

initiative at the Roundtable.  Where appropriate, the writing committee referred to multi-societal 24 



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

12 

 

recommendations for operator and institutional procedural volumes, infrastructure, personnel and 1 

reporting requirements. Selected literature review was performed where required. This document 2 

was built upon the 2014 AHA/ACC Guidelines for the Management of Patients with Valvular 3 

Heart Disease and its 2017 Focused Update, as well as other ACC Documents including the 2017 4 

ACC Expert Consensus Decision Pathway for Transcatheter Aortic Valve Replacement and the 5 

2017 ACC Expert Consensus Decision Pathway for Mitral Regurgitation. The format was based 6 

on the Donabedian model, which incorporates 1) structure, 2) process and 3) outcomes.  The 7 

financial and political implications of developing a system of care for VHD patients were also 8 

discussed, taking into account the tension between patient access to highly impactful yet 9 

expensive technology, the need to insure highest quality outcomes, costs, risks and any potential 10 

unintended consequences. 11 

The work of the writing committee was supported exclusively by the ACC without 12 

commercial support. Writing committee members volunteered their time to this effort. 13 

Conference calls of the writing committee were confidential and attended only by committee 14 

members and ACC staff. A formal peer review process was completed consistent with ACC 15 

policy and included expert reviewers nominated by the ACC (see Appendix 2). A public 16 

comment period was also provided to obtain additional perspective. Following reconciliation of 17 

all comments, this document was approved for publication by the ACC Clinical Policy Approval 18 

Committee, the AATS Council, the ASE Board of Directors, the SCAI Board of Directors, and 19 

the STS Board of Trustees. 20 

4. HISTORICAL PERSPECTIVE FROM OTHER PROGRAMS 21 

 22 

Specialized, comprehensive care centers were initiated to improve medical care and outcomes, 23 

and have been developed in multiple areas of medicine (Table 1). The first United States Cancer 24 
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Centers were established in 1960 by the National Institutes of Health with the objective of 1 

addressing research and training (35). Currently, there are 69 specialized cancer centers across 2 

35 states. One of the earliest recognized practice initiatives was the development of specialized 3 

trauma centers. Motivated by the wide variability in the quality of care and the disparate 4 

outcomes of patients with traumatic injuries, the American College of Surgeons published a 5 

statement in 1976 (36) describing 3 tiers of trauma centers with graded infrastructure and 6 

personnel requirements. They proposed a coordinated network of centers, in which seriously 7 

injured patients could be transferred to a regional center with the highest available density of 8 

expert trauma services. The development of a network of specialized trauma centers has been 9 

associated with improved patient outcomes in both urban and rural areas (37,38).  10 

 Inspired by the successful outcomes achieved by the implementation of trauma centers, 11 

the Brain Attack Coalition proposed and implemented the establishment of multidisciplinary 12 

acute stroke centers. The coalition has defined the components of Primary and Comprehensive 13 

Stroke Centers, as well as Acute Stroke-Ready Hospitals (26,39,40). This initiative established 14 

the foundation for accreditation of stroke centers. Based on the Brain Attack Coalition 15 

recommendations, different organizations (the Joint Commission, Det Norske Veritas 16 

Germanischer Lloyd, and Health Care Facilities Accreditation Program) have developed 17 

certification programs to recognize those hospitals that offer the required infrastructure and 18 

personnel to best treat patients with stroke.  Decades later, the development of local networks to 19 

streamline and improve the treatment and outcomes of patients with acute ST-segment elevation 20 

myocardial infarction (STEMI) spread widely in response to the recognition that reperfusion 21 

times were often inappropriately prolonged (41). 22 
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Advances in surgical techniques and outcomes prompted the American Society of Bariatric 1 

Surgery and the American College of Surgeons to design centers of excellence in order to 2 

standardize care and ensure quality management of morbidly obese patients undergoing weight 3 

reduction surgery (42). Similar to stroke centers, an accreditation process for bariatric surgery 4 

centers has been introduced in order to ensure that quality metrics in the care of patients are met. 5 

 Comprehensive care centers focused on establishing referral networks to insure the provision 6 

of optimal care have been established in several other countries. For example, the care of 7 

congenital heart disease in the United Kingdom’s National Health Services has been redirected; 8 

Three tiers of care, ranging from local to specialist surgical centers, were organized to provide 9 

different levels of care according to patient need (43).  The European Society of Cardiology has 10 

issued a position paper on heart valve centers, which mandates specialized evaluation and care 11 

for all patients with VHD by dedicated physicians working in specialized environments (44).  12 

The impact of these initiatives has been manifested in several ways, including 1) reduced 13 

mortality in trauma patients (45), 2) improved guideline-directed therapy and outcomes in 14 

patients with STEMI (46), 3) improved safety and reduced costs for patients undergoing bariatric 15 

surgery (47,48), and 4) decreased mortality and improved rates of timely tPA 16 

administration/reperfusion in appropriate patients with ischemic stroke (35,49). 17 

  18 
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Table 1. Comprehensive/Advanced Care Centers in Other Areas of Medicine 1 

 2 

 

Cancer Trauma Stroke 
Bariatric 

Surgery 
STEMI 

Year Initiated 1960 1976 2001 2005 2006/2007 

Sponsoring 

Organization 

National 

Institutes of 

Health 

American 

College of 

Surgeons 

Brain Attack 

Coalition 

American 

Society of 

Bariatric 

Surgery 

 

American 

College of 

Surgeons 

American 

College of 

Cardiology  

(D2B Alliance) 

 

American Heart 

Association  

(Mission: 

Lifeline) 

Levels of Care 

Basic 

Laboratory 

Cancer Center 

 

Cancer Centers 

 

Comprehensive 

Cancer Center 

Level I 

Level II 

Level III 

Level IV 

Acute Stroke-

Ready hospital 

 

Primary Stroke 

Center 

 

Comprehensive 

Stroke Center 

Bariatric 

Surgery 

Center of 

Excellence 

STEMI-referral 

hospital 

(non-PCI 

capable) 

 

STEMI-

receiving 

hospital 

(PCI-capable) 

 3 

5. PROPOSED STRUCTURE FOR AN INTEGRATED MODEL OF CARE 4 

FOR PATIENTS WITH VALVULAR HEART DISEASE 5 

 6 

 5.1 Underlying Principles  7 
The development of an integrated model of care for patients with VHD is based on the concept 8 

of a tiered system in which increasing patient complexity is matched against center expertise and 9 

experience, while maintaining access to available treatment options.   The following principles 10 

are emphasized: 11 

 The primary goal is to improve the care of patients with VHD. 12 
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 Access to optimal care requires establishment of well-defined referral lines to valve 1 

centers having graded levels of expertise. Referral lines can exist between providers, 2 

institutions or their combination (Figure 1). Increasing patient complexity requires 3 

higher-order, comprehensive (Level I) valve center capability while less complex care 4 

can be provided more locally.   5 

 A Multidisciplinary Team (MDT) for evaluation and management is an essential 6 

component of any valve center (Level I or Level II). 7 

 Full institutional and administrative support is required.  8 

 Transparency, public reporting, participation in national registries, ongoing analysis of 9 

processes and outcomes and a commitment to research are essential.  10 

 Bidirectional communication and ongoing education of members of the MDT and the 11 

community of referring providers/centers is required to elevate the quality of care in all 12 

settings.  13 

 Processes of care should emphasize informed consent, SDM and patient choice.  14 

 15 

 5.2 Comprehensive (Level I) and Primary (Level II) Valve Centers  16 
 17 

The proposed integrated model for a VHD system of care is shown in Figure 1.    The 18 

Comprehensive (Level I) Valve Center has the resources and capabilities of evaluating and 19 

performing all available interventional and surgical procedures. A Level I center should also 20 

have advanced imaging modalities (e.g., 3D-echo, 4-D computed tomography (CT) cardiac 21 

magnetic resonance (CMR)) that may not be available at a Level II center.  A Primary (Level II) 22 

Valve Center should have at a minimum the expertise and resources to perform transfemoral 23 

TAVR and surgical procedures such as isolated SAVR and repair of primary MR involving the 24 
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posterior leaflet. Other more complex procedures may be performed at the Primary (Level II) 1 

Valve Center but with the same performance standards and expected outcomes as would pertain 2 

at a Comprehensive (Level I) Valve Center.  Patients can enter the system from multiple 3 

pathways.  It is of critical importance that efficient, bidirectional lines of referral and 4 

communication be established between primary care physicians and general cardiologists, as 5 

well as between Level II and Level I Valve Centers.  Long-term care of patients with VHD at the 6 

local level is desirable and of critical importance.  7 

The following sections of the document provide recommended requirements for level I and 8 

Level II Valve Center designation related to: (1) structure; (2) process; and (3) outcomes.  9 

“Structure” consists of institutional facilities and infrastructure, personnel, and number and types 10 

of procedures.  “Process” describes the requirements and function of the MDT, including its 11 

participation in registries, research and education.  “Outcomes” address procedural success, 12 

morbidity, mortality, and quality of life after intervention.   13 

6.  STRUCTURE  14 

 15 

6.1 Structural requirements of advanced valve centers 16 

Table 2 lists the recommended minimum procedural, institutional, and infrastructural 17 

requirements for the two levels of Valve Centers.  Additional procedures may be performed at 18 

each center, but are not mandated.  Table 3 lists additional procedures that are not included in 19 

Table 2 but may be of benefit to selected subsets of patients with VHD. Minimal volume 20 

requirements are included, but the major distinction between Centers resides chiefly in the 21 

broader spectrum of services and higher density of expert personnel that exist at the 22 

Comprehensive Level I Center.  23 

   24 
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Table 2. Structure of Valve Centers 1 

 2 

Comprehensive (Level I) Valve Center  Primary (Level II) Valve Center  

Interventional procedures  

TAVR – transfemoral TAVR – transfemoral 

Percutaneous  balloon aortic dilation Percutaneous balloon aortic dilation 

TAVR – alternative access, including 

transthoracic (transaortic, transapical) and 

extra-thoracic (e.g. subclavian, carotid, 

caval, etc.) approaches 

 

Valve-in-valve procedures  

Transcatheter edge-to-edge mitral valve 

repair 
 

Paravalvular leak closure  

Percutaneous mitral balloon 

commissurotomy 
 

Institutional volumes for interventional procedures 

TAVR – 50/year or 100 /2 years  TAVR – 50/year or 100/ 2 years 

PCI – 300/year PCI –300/year 

Trans-septal procedures – 25/year  

Vascular arterial interventions*-150 / 3 

years 

Vascular arterial interventions*-150 / 3 

years 

Surgical procedures  

Isolated AVR Isolated AVR 

Valve-sparing aortic root procedures  

Aortic root procedures for aneurysmal 

disease 

 

Concomitant septal myectomy with AVR  

Root enlargement with AVR   

Mitral repair for primary MR (P2 

pathology) 

Mitral repair for primary MR (P2 

pathology) 

Mitral repair for complex primary MR 

(Barlow’s and bileaflet prolapse) 

 

Multivalve operations  

Re-operative valve surgery  

Isolated tricuspid valve repair or 

replacement 

 

Institutional volumes  for surgical procedures 

Aortic valve operations: 40/year or 80/2 

years 

Aortic valve operations: 40/year or 80/2 

years 

Mitral valve operations: 50/yr for 

institution (or 25/yr for individual 

surgeon) 

Mitral valve operations: 50/yr for 

institution (or 25/yr for individual 

surgeon) 

Imaging personnel  

Echocardiographer with expertise in valve Echocardiographer with expertise in valve 
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disease disease 

Expertise in CT with application to valve 

assessment and procedural planning  

Expertise in CT with application to valve 

assessment and procedural planning  

Interventional echocardiographer to 

provide imaging guidance for 

transcatheter procedures 

 

Expertise in cardiac MRI with application 

to assessment of VHD 

 

Criteria for imaging personnel 

A formalized role/position for a “valve 

echocardiographer” who oversees both the 

pre- and post-procedural assessment of 

valve disease  

A formalized role/position for a “valve 

echocardiographer” who oversees both 

the pre- and post-procedural assessment 

of valve disease 

A formalized role/position for the expert 

in CT who oversees the pre-procedural 

assessment of patients with valve disease 

A formalized role/position for the expert 

in CT who oversees the pre-procedural 

assessment of patients with valve disease 

A formalized role/position for an 

interventional echocardiographer 
 

A position for CMR imager with expertise 

for assessment of VHD 
 

Institutional facilities and 

infrastructure 

 

Multidisciplinary heart valve team (MDT) Multidisciplinary heart valve team (MDT) 

Dedicated Valve Coordinator Dedicated Valve Coordinator 

Cardiac anesthesia Cardiac anesthesia 

Palliative care team Palliative care team 

ABIM Board Certified 

Electrophysiologist  

ABIM Board Certified 

Electrophysiologist  

Vascular surgery Vascular surgery 

Neurology/stroke team Neurology/stroke team 

In-house 24/7 consultative services with 

other cardiovascular subspecialties (see 

text) 

 

In-house 24/7 consultative services with 

other medical and surgical subspecialties 

(see text) 

 

Echocardiography – 3D TEE, 

comprehensive TTE for assessment of 

valve disease 

Echocardiography – 3D TEE, 

comprehensive TTE for assessment of 

valve disease 

Cardiac CT Cardiac CT 

Cardiac MRI  

ICU  ICU 

Temporary mechanical support (including 

percutaneous support devices such as 

intra-aortic balloon counterpuslation, 

Impella) 

Temporary mechanical support (including 

percutaneous support devices such as 

intra-aortic balloon counterpulsation, 

Impella) 
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Left/Right Ventricular assist device 

capabilities 

 

Hybrid cath/OR  Hybrid cath/OR  

PPM and ICD Implantation PPM and ICD Implantation 

Criteria for institutional facilities and 

infrastructure 

 

IAC Echocardiography lab accreditation  IAC Echocardiography lab accreditation 

24/7 intensivist coverage for ICU  

Accredited stroke center  

*Vascular arterial interventions: TEVAR/EVAR, carotid stenting, renal artery stenting femoral 1 

artery stenting, coarctation stenting and acute limb ischemia related interventions 2 

 3 
ABIM indicates American Board of Internal Medicine; AVR, aortic valve replacement; CMR, cardiac magnetic 4 
resonance; CT, computed tomography; EVAR, endovascular replacement; ICD, implantable cardioverter 5 
defibrillator; IAC, Intersocietal Accreditation Commission; ICU, intensive care unit; MDT, multidisciplinary team; 6 
MR, mitral regurgitation; MRI, magnetic resonance imaging; OR operating room; PCI, percutaneous coronary 7 
intervention; PPM, permanent pacemaker; TAVR, transcatheter aortic valve replacement; TEE, transesophageal 8 
echocardiography; TEVAR, thoracic endovascular replacement; TTE, transthoracic echocardiography; and VHD, 9 
valvular heart disease. 10 
 11 

 12 

 13 

Table 3. Additional Catheter-Based Therapies at Level I Centers 14 

 15 

Left atrial appendage device closure 

Septal (inter-atrial, interventricular) defect device closure 

Alcohol septal ablation 

Transcatheter mitral valve replacement, transcather mitral valve repair with techniques 

other than edge-to-edge clip system 

Transcatheter tricuspid valve repair  

Transcatheter pulmonary balloon valvotomy or valve replacement 

 16 

 17 

6.2 Structural Components of Advanced Valve Centers 18 
 19 

6.2.1 Transcatheter Treatments 20 
 21 

Interventional cardiologists and cardiac surgeons at Comprehensive (Level I) and Primary (Level 22 

II) Valve Centers should have expertise in catheter based techniques necessary for the evaluation 23 

and management of VHD.  These include invasive hemodynamic assessment of VHD, coronary 24 

angiography and intervention, and peripheral vascular angiography and intervention. Additional 25 

expertise for the interventionalist at Comprehensive (Level I) Valve Center includes atrial septal 26 
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puncture and percutaneous closure of atrial septal defects. Proceduralists need to be able to 1 

prevent, recognize, and treat complications and be skilled in coronary and peripheral vascular 2 

rescue and retrieval techniques (use of snares and forceps) for embolized devices, 3 

pericardiocentesis, percutaneous ventricular assist devices, and vascular access management 4 

including use of covered endovascular stents.  Collectively, these skills provide necessary 5 

support for catheter-based valve therapies. Beyond technical and procedural skills, the valve 6 

interventionalist must also develop expertise related to patient selection, including knowledge of 7 

the natural history of VHD, optimal timing for interventions, appropriate judgment about 8 

anticipated risks and benefits of an intervention, and the ability to match the right therapy to the 9 

right pathology.  These physicians should have the knowledge and skills to participate in SDM 10 

with patients and families. 11 

 The interventional procedural requirements and volumes for Comprehensive (Level I) and 12 

Primary (Level II) Valve Centers are outlined in Table 2.  Proceduralists at both Comprehensive 13 

(Level I) and Primary (Level II) Valve Centers should be able to perform TAVR by a 14 

transfemoral approach and percutaneous balloon aortic dilation.  Serious adverse outcomes 15 

including stroke, major bleeding, vascular complications and mortality decrease with increasing 16 

operator experience and volume (50). Experts from multiple professional societies have 17 

established that an annual institutional TAVR volume of 50 cases per year or 100 cases 18 

annualized over 2 years are essential for maintaining the necessary skills for performing 19 

transfemoral TAVR (34). 20 

 Comprehensive (Level I) Valve Centers should also have the personnel and facilities to 21 

perform alternative access site (non-transfemoral) TAVR, including transthoracic and extra-22 

thoracic approaches.  The additional expertise and procedural volumes at a Comprehensive 23 
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(Level I) Valve Center would be expected to reduce the risk of complications related to non-1 

femoral access.  “Valve-in-valve” procedures for degenerated aortic, mitral, tricuspid and 2 

pulmonic bioprosthetic valves should be available. Operators at a Comprehensive (Level I) 3 

Valve Center should be facile in performing transcatheter mitral valve repair using the edge-to-4 

edge technique, as well as percutaneous mitral balloon commissurotomy.  Percutaneous closure 5 

of paravalvular leaks should be offered by the Comprehensive (Level I) Valve Center.  Other 6 

procedures may be performed by the Comprehensive (Level I) Valve Center, such as left atrial 7 

appendage occlusion, complex septal defect closures, and alcohol septal ablation.  Emerging 8 

therapies, including transcatheter mitral valve replacement and tricuspid valve procedures are not 9 

required, but will likely be performed at a Comprehensive (Level I) Valve Center participating in 10 

ongoing device studies.  A Primary (Level II) Center is not prohibited from offering the 11 

additional procedures traditionally offered at a Comprehensive (Level I) Center. However, if 12 

such procedures are performed at the level II Center, it is expected that all personnel, resource, 13 

quality and outcome reporting requirements will be maintained. 14 

  15 

6.2.2 Cardiac Surgery 16 
 17 

Both Comprehensive (Level I) and Primary (Level II) Valve Centers are expected to perform 18 

isolated SAVR and durable mitral valve repair for primary mitral regurgitation involving the 19 

posterior leaflet (principally P2 prolapse).  Minimal center volumes for SAVR should be 40 per 20 

year (or 80 over 2 years). Annual individual surgeon volume for mitral operations should be at 21 

least 25 cases and ideally 50 or more cases. Recent data from New York State suggest that higher 22 

total annual surgeon volume is associated with increased repair rates of degenerative mitral valve 23 

disease, a steady decrease in reoperation risk until 25 total mitral operations are performed 24 
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annually, and improved 1-year survival. In addition, mitral valve repair rates among surgeons 1 

with volumes of < 25 mitral operations per year increase significantly if they operate in an 2 

institution with another surgeon whose volumes exceed 50 cases per year and repair rates > 70% 3 

for primary MR (13).  The evaluation and surgical management (repair or replacement) of 4 

severe, secondary MR with regional or global left ventricular systolic dysfunction can be 5 

challenging and may also be more appropriate at a Level I Center. 6 

 A Comprehensive (Level I) Valve Center should have the personnel and resources for 7 

performing more complex surgical procedures to treat other subsets of patients with VHD.  The 8 

benefit of performing these procedures at Comprehensive (Level I) Centers extends beyond 9 

merely technical expertise and higher volumes.  The composition of the MDT as well as 10 

infrastructural and institutional resources can be leveraged to optimize decision-making and 11 

clinical care.  Advanced surgical expertise is required to perform complex aortic root procedures 12 

including composite valve root replacement, and valve-sparing root repair.  There should also be 13 

the surgical skill and resources to treat patients with complicated infective endocarditis, ideally 14 

including the availability of homograft valves.  In patients with AS who have concomitant septal 15 

hypertrophy a myectomy at the time of SAVR is sometimes necessary to prevent dynamic 16 

outflow tract obstruction.  Root enlargement to allow for larger sized prosthetic valves should be 17 

available for patients with smaller annulus sizes.  Successful repair of complex mitral valve 18 

disease, including anterior leaflet prolapse, bileaflet prolapse, and Barlow’s disease should be 19 

offered at the Comprehensive (Level I) Valve Center.  Multivalve operations and re-operative 20 

valve surgery, as well as hybrid transcatheter/surgical procedures may be better suited for a 21 

Comprehensive (Level I) Valve Center. Rapidly changing approaches to the operative 22 
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management of AF at the time of valve surgery also typically require performance at 1 

Comprehensive Level I Centers.  2 

  3 

6.2.3 Imaging 4 
 5 

Consistent, high quality imaging and interpretation are critical to evaluation, management, and 6 

procedural guidance for patients with VHD. Accurate assessment of the etiology and severity of 7 

VHD with echocardiography is often the pivotal first step in determining how to manage a 8 

patient with VHD. An echocardiographer is required who has expertise in valve disease, which 9 

includes understanding pitfalls in assessment of valve lesion severity, quantification of lesion 10 

severity, evaluation of complex, multivalve disease, determination of anatomic suitability for 11 

transcatheter or surgical therapies, and identification of post-procedural complications. 12 

While echocardiography is the primary imaging modality for assessing VHD, cardiac and 13 

vascular CT has become an indispensable tool for pre-procedural planning prior to transcatheter 14 

intervention. Cardiac magnetic resonance (CMR) imaging is increasingly used to assess 15 

regurgitant lesion severity and ventricular function.  High quality CT image acquisition, post-16 

processing and 3D reconstruction are minimal requirements. Accurate measurements of 17 

intracardiac and vascular access route dimensions are critical.  18 

As treatment options rapidly expand for VHD, a new specialty of interventional 19 

echocardiography is emerging.  These individuals blend a sophisticated knowledge of 20 

echocardiography with clinical expertise and can help guide management decisions at the point 21 

of intervention. They have become integral to the high performance of any MDT, especially one 22 

at a Comprehensive (Level I) Center. The interventional echocardiographer is a critical 23 

participant in select valve cases (e.g. transcatheter mitral valve repair and repair of paravalvular 24 
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leaks).  Effectiveness in this role requires an individual who has regular involvement in these 1 

procedures, is competent to provide interventionalists with imaging guidance for transcatheter 2 

procedures, understands how echocardiography can help avoid or identify procedural 3 

complications, recognizes the unique echocardiographic characteristics of transcatheter devices 4 

and delivery systems, is facile with 3D imaging and understands the treatment goals of 5 

transcatheter valve procedures. 6 

Although it is important that advanced imaging expertise be readily available at 7 

Comprehensive (Level I) and Primary (Level II) Valve Centers, personnel representing these 8 

imaging areas may vary between centers.  Both cardiologists and echocardiography certified 9 

cardiac anesthesiologists have the knowledge and skills to perform and interpret procedure-based 10 

TEE. Cardiovascular radiologists provide advanced CT services in most institutions. Personnel 11 

involved in the performance and interpretation of cardiac MRI are generally institution-specific.  12 

 13 

6.2.4 Personnel, Institutional Facilities and Infrastructure 14 

  15 
Complications are best managed and outcomes optimized by the provision of appropriate 16 

facilities and the timely availability of relevant support teams.  This basic principle requires an 17 

institutional commitment that is similar in scope to other interdisciplinary cardiovascular service 18 

lines such as a heart transplantation and mechanical circulatory support.  All centers should have 19 

a formal MDT composed of personnel who have an expertise in the management of patients with 20 

VHD, including a dedicated patient coordinator.    Both Level I and Level II Valve Centers 21 

should have medical, interventional and surgical co-directors who are committed and trained to 22 

provide care to patients with VHD, as well as adequate numbers of cardiologists, 23 

interventionalists, surgeons, imagers, advanced practice providers, nurses, physical therapists and 24 
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other specialists represented within the MDT (e.g., anesthesiologists, perfusionists, 1 

electrophysiologists, neurologists, etc).  Additionally, Level I and Level II Valve Centers should 2 

have an intensive care unit (24/7 intensivist coverage for a Level I Center), cardiac anesthesia, 3 

vascular surgery, cardiac electrophysiology services for pacemaker implantation, palliative 4 

medicine team, and the ability to provide temporary mechanical support.  The Comprehensive 5 

(Level I) Center should have an accredited stroke program as well as access to subspecialty 6 

cardiac services (congenital heart disease expertise, pulmonary hypertension, advanced heart 7 

failure, complex electrophysiology, etc.) as well as consultative medical and surgical services 8 

(renal, gastrointestinal, endocrine, pulmonary, infectious disease, etc.).  To facilitate alternative 9 

(non-transfemoral) access TAVR and emerging mitral and tricuspid transcatheter therapies, a 10 

Comprehensive (Level I) Center should have a hybrid procedure room with high quality 11 

fluoroscopic imaging, surgical quality lighting, hemodynamic monitoring, an adequate number 12 

of display monitors for display, and adequate space and equipment for numerous personnel, 13 

temporary mechanical support, cardiopulmonary bypass, and rescue procedures.  A ventricular 14 

assist device program is required for a Comprehensive (Level I) Center as certain high risk 15 

procedures may result in significant ventricular dysfunction and hemodynamic deterioration.  16 

Finally, a Comprehensive (Level I) Center is required to provide a defined mechanism for case 17 

discussion and image sharing with Primary (Level II) Centers, general cardiologists, and primary 18 

care providers.   19 

7.  PROCESS  20 

 21 

7.1 Process Requirements for Advanced Heart Valve Centers 22 
 23 

The process and functional requirements for Comprehensive (Level I) and Primary (Level II) 24 

Valve Centers are outlined in Table 4.   25 
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Table 4. Processes for Valve Centers 1 

 2 

Comprehensive (Level I) Valve Centers  Primary (Level II) Valve Centers  

Multidisciplinary Team 

Surgical valve expertise Surgical valve expertise 

Interventional valve and structural heart 

expertise 

Interventional valve and structural heart 

expertise 

Echocardiography valve expertise Echocardiography valve expertise 

Clinical cardiology valve expertise Clinical cardiology valve expertise 

CT imaging valve expertise CT imaging valve expertise 

CV anesthesia CV anesthesia 

Valve coordinator Valve coordinator 

The MDT meets on a regular basis 

(preferably each week) to review cases, 

reach consensus management decisions, 

review outcomes and assess quality.   

The MDT meets on a regular basis 

(preferably each week) to review cases, 

reach consensus management decisions, 

review outcomes and assess quality. 

Criteria / metrics 

Documentation of attendance at MDT 

meetings and recording of the discussion 

and decision-making process for cases 

presented.  

Documentation of attendance at MDT 

meetings and recording of the discussion 

and decision-making process for cases 

presented. 

Documentation of an action plan to 

address performance and quality areas 

needing improvement 

Documentation of an action plan to 

address performance and quality areas 

needing improvement 

Regular morbidity and mortality meetings Regular morbidity and mortality meetings 

Registry participation 

Participation in the STS/ACC TVT 

registry 

Participation in the STS/ACC TVT 

registry 

Participation in the STS ACSND or other 

approved surgical database  

Participation in the STS ACSND or other 

approved surgical database 

Criteria / metrics  

TVT registry 

- 95% completion of 30-day vital status 

- Of those alive, 85% completion of 

KCCQ at 30 days 

- 90% completion of 1 year vital status 

- Of those alive, 75% completion of 

KCCQ at 1 year 

- Overall meets STS/ACC TVT Registry 

performance metrics for completeness 

and accuracy with at least 2 consecutive 

quarters of green rating/year 

TVT registry 

- 95% completion of 30-day vital status 

- Of those alive, 85% completion of 

KCCQ at 30 days 

- 90% completion of 1 year vital status 

- Of those alive, 75% completion of 

KCCQ at 1 year 

- Overall meets STS/ACC TVT Registry 

performance metrics for completeness 

and accuracy with at least 2 consecutive 

quarters of green rating/year 

Surgical database participation that meets 

state requirements 

Surgical database participation that meets 

state requirements 

Surgical performance that meets STS star Surgical performance that meets STS star 
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2 or 3 rating criteria 2 or 3 rating criteria 

Research 

Participation in pivotal RCTs comparing 

devices or device versus surgery 

(optional) 

 

Publication of single or multi-center 

patient outcomes (optional) 

 

Use of STS/ACC TVT or STS ACSND to 

perform research.  
 

Education and Shared Decision Making  

Continuing education of MDT members Continuing education of MDT members 

Education of patients and the public Education of patients and the public 

Participation with patients in SDM using 

objective and validated resources and 

decision aids 

Participation with patients SDM using 

objective and validated resources and 

decision aids 

Training 

Structural interventional fellowship year 

(optional) 
 

Cardiac surgery training in interventional 

structural heart skills and procedures 

(optional) 

 

Advanced training in echocardiography 

and cardiac CT or MRI for the evaluation 

of VHD and guidance of valve procedures 

(optional) 

 

ACC indicates American College of Cardiology; CT, computed tomography; CV, cardiovascular; KCCQ, Kansas 1 
City Cardiomyopathy Questionnaire; MDT, multidisciplinary team; MRI, magnetic resonance imaging; RCT, 2 
randomized controlled trial; STS, Society of Thoracic Surgeons; SDM, shared decision making; STS/ACC TVT, 3 
Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy Registry; STS ACSND, 4 
Society of Thoracic Surgeons Adult Cardiac Surgery National Database; and VHD, valvular heart disease. 5 
 6 

7.2 Process Components for Advanced Heart Valve Centers 7 

 8 

7.2.1 Function of the Multidisciplinary Team 9 
 10 

The MDT plays a critical role in the collaborative evaluation, management, and treatment of 11 

patients with VHD.  Each member of the team brings a perspective and expertise that are key to 12 

optimizing patient outcomes.  While the size and specific make-up of MDTs team may differ 13 

between Comprehensive (Level I) and Primary (Level II) Valve Centers, they are foundational to 14 

all activities undertaken in any center.  15 
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  The composition of the MDT is addressed in Section 6.2.4. The MDT should meet on a 1 

regular basis (preferably each week) to review cases, verify the results of imaging and other 2 

pertinent studies, reach consensus management decisions, review outcomes and assess quality.  3 

Ideally, this approach leverages the combined experience and expertise of the group and leads to 4 

more standardized and evidence-based decision-making.  Beyond simply deciding, for example, 5 

whether a patient should be treated with SAVR or TAVR, these MDT meetings should also 6 

provide a forum for detailed procedural planning.  Input from different team members provides 7 

the best opportunity to prevent or reduce complications. The MDT is also charged with 8 

reviewing performance metrics, outcomes, quality and external reporting.  Attendance at these 9 

regular meetings should be taken and the discussion and management decisions for each patient 10 

should be documented.  An important outcome of these meetings is participation with patients in 11 

SDM using validated resources and decision aids. 12 

 Members of the MDT also function together during the performance of interventional 13 

procedures.  Many of the approved and emerging treatments for VHD require skill sets that 14 

extend beyond the expertise of one individual or one type of training.  The norm for these 15 

procedures should be the interactive participation of multiple team members (surgeon, 16 

interventionalist, echocardiographer, cardiac anesthesiologist) to reduce complications and 17 

optimize outcomes.   18 

The MDT also analyzes and compares institutional STS/ACC TVT Registry data against 19 

national benchmarks and develops an action plan to improve performance and outcomes if 20 

necessary. In addition, a regular Mortality and Morbidity conference should be held to review 21 

adverse outcomes, provide feedback in a safe environment, educate all team members and serve 22 

as a springboard to quality improvement.  Attendance should be documented.  Continuing 23 
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medical education and continuing nurse education credits should be provided, some of which can 1 

also qualify for risk management to satisfy various state licensing requirements. Data entrants are 2 

expected to participate in the ongoing activities of the STS/ACC TVT Registry and STS 3 

ACSND, as required to enable accurate and timely reporting.   Extending MDT discussions 4 

beyond a single institution, while maintaining patient privacy and provider security, may foster 5 

faster dissemination of best practices. 6 

 7 

7.2.2 Registry Participation 8 
 9 

There is a need for valve centers, MDTs and professional societies to develop and implement a 10 

scientifically rigorous approach for performance measurement and quality assessment. A 11 

commitment to programmatic quality improvement is essential. Valve centers must demonstrate 12 

active participation in the STS/ACC TVT Registry with submission of all cases to the registry 13 

that use FDA approved valve technology, including any off-label uses.  Data reported to the 14 

STS/ACC TVT Registry will fulfill the clerical requirements to maintain a safe, efficient and 15 

effective valve program. This process will in turn help maintain uniformity, consistency, quality 16 

control and a level playing field.  All Comprehensive (Level I) and Primary (Level II) Valve 17 

Centers must demonstrate that data submissions meet STS/ACC TVT Registry performance 18 

metrics for completeness and accuracy with at least 2 consecutive quarters of green rating/year. 19 

Information on quality of life and survival out to 1 year will be important.  20 

For surgical procedures, participation in either the STS ACSND or other approved 21 

surgical registry is essential.  There are state requirements for participation in approved surgical 22 

registries that should be met by all Comprehensive (Level I) and Primary (Level II) Valve 23 

Centers. 24 
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Data completeness is important for accurate reporting of outcomes and establishing 1 

national benchmarks. Both the STS ACSND and STS/ACC TVT Registry hold participants to 2 

rigorous standards. Participants in the STS ACSND who do not meet data completeness 3 

thresholds are not included in the benchmark population for performance analysis and therefore 4 

will not be eligible to receive a composite score nor participate in public reporting.  Participation 5 

in the STS/ACC TVT Registry was a condition of reimbursement of the National Coverage 6 

Determination (NCD) by the Center for Medicare and Medicaid Services (CMS). Extensive 7 

efforts have been used to assure data completeness and accuracy. Current completeness of any 8 

follow-up in the STS/ACC TVT registry is 95% with 89% of records having a 30-day follow-up 9 

completed and 68% one year follow-up completed. A key outcome metric for the STS/ACC 10 

TVT registry is patient reported health status that includes a quality-of-life metric, Kansas City 11 

Cardiomyopathy Questionnaire (KCCQ). Currently, 90% of baseline KCCQ scores are 12 

completed. The 30-day KCCQ score is 85% complete with 73% one year completeness. It is 13 

expected that all heart valve centers will meet these two national registry data completeness 14 

standards and maintain contemporary benchmarking capability. 15 

 16 

7.2.3 Research 17 
 18 

Comprehensive (Level I) and Primary (Level II) Valve Centers should be leading investigative 19 

efforts to evaluate new technologies and improve clinical management of patients with VHD.  20 

Early feasibility and first-in-man studies will be appropriate for select Comprehensive (Level I) 21 

Valve Centers.  Participation in pivotal device trials will be optional for both Comprehensive 22 

(Level I) and Primary (Level II) Valve Centers, provided there is an adequate research 23 

infrastructure.  There remain many important clinical questions that will not be answered by 24 
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industry-sponsored trials but that may have a significant impact on the treatment of VHD.   1 

Comprehensive (Level I) Valve Centers should seek to address many of these questions, either 2 

by review of institutional data, analysis of existing literature or through national registry data 3 

inquiries.  While there should be efforts to make the TVT and STS data forms as parsimonious as 4 

possible, additional data fields to be completed by Comprehensive (Level I) Centers could be 5 

helpful to address important research questions.  Additionally, the TVT and STS registries 6 

should be leveraged to provide a framework for executing pragmatic trials to answer clinically 7 

important questions with efficiency, lower cost, and adequate power.     8 

 9 

7.2.4. Education 10 
 11 

Comprehensive (Level I) and Primary (Level II) Valve Centers should provide ongoing 12 

education of MDT members and other professionals.  Comprehensive (Level I) Valve Centers 13 

should interface with Primary (Level II) Valve Centers to discuss best practices, provide 14 

feedback on cases, and establish a shared understanding of when patients with VHD require 15 

referral for more complex care.  Continuing medical and nurse education should also be provided 16 

as discussed earlier. It is also important to educate patients and families, to improve 17 

understanding, enable informed consent and emphasize SDM.  Finally, education of the public 18 

about VHD might help improve early detection and optimize the timing of referral.  Educational 19 

strategies should be tailored to the local learners with needs assessment based curricula, 20 

repetition and feedback.  21 

 22 

7.2.5 Procedural Training  23 
 24 

  Although the field continues to evolve rapidly, certain aspects have matured to the point where 25 

it is now time to implement more formalized training programs in VHD.  Learning curves are to 26 
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be anticipated and procedure-based physicians who have been in practice since before the advent 1 

of transcatheter valve procedures will need to return to a structured training environment for 2 

proctoring. Such programs should include instruction on the technical and procedural aspects of 3 

intervention, as well as cognitive aspects relative to patient evaluation and the timing of 4 

intervention. Expertise in VHD among cardiologists, surgeons, interventionalists and imagers 5 

can be thought of as a subspecialty.   By analogy, although heart failure can be cared for by 6 

internists and general cardiologists, advanced heart failure and transplant cardiologists are often 7 

needed to manage more complex cases requiring tiered medical and device therapies, mechanical 8 

circulatory support or transplantation.  The rapidly changing nature of evaluation and treatment 9 

options for patients with VHD dictate that specialized training and expertise are warranted.  This 10 

reality has important implications for the training of cardiac surgeons, interventional 11 

cardiologists, imagers and general cardiologists. It is beyond the scope of this document to 12 

describe formal training pathways in VHD. Although not all Comprehensive (Level I) Valve 13 

Centers need to have formal fellowships in VHD, it is envisioned that most of these centers will 14 

provide such training. It is also anticipated that such centers will provide support for 15 

postgraduate training and maintenance of expertise among primary center surgeons.   16 

 17 

8.  OUTCOMES  18 

 19 
The delivery of high quality care requires the ability to collect data regarding all treated patients 20 

and their outcomes. This paradigm enables the transparency needed to assess practice and 21 

procedural patterns and promote improvement in process and outcomes. Comparison to external 22 

benchmarks has the additional merit of maintaining uniform standards across institutions.  The 23 

proposed metrics and reporting discussed herein are relevant for both Comprehensive (Level I) 24 
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and Primary (Level II) Valve Centers.  Such reporting will initially be performed by the 1 

individual valve centers.  However, as regional systems of care develop, it is expected that 2 

regional reporting of outcomes will be required.   3 

 4 

8.1 Performance Metrics and Patient Outcomes 5 
 6 

The overall goals of reporting performance metrics and patient outcome are:  7 

1) To provide patients and referring physicians with results achieved at individual valve 8 

centers.  9 

2) To promote highest quality standards for the care of patients with VHD. 10 

3) To establish a mechanism for every center to have a process for self-examination, and 11 

to improve continuously by using objective data, benchmarked against national 12 

standards reported through professional society registries. 13 

 14 

8.1.1. Transcatheter Aortic Valve Replacement 15 
 16 

The recommended outcome measures for TAVR need to address the goals of care for a 17 

predominately elderly and frail patient population with several comorbid conditions.  The 18 

diversity of patients undergoing TAVR is demonstrated by TAVR approval now extended to 19 

intermediate, as well as high and prohibitive surgical risk candidates. Clearly, there is a need to 20 

determine whether TAVR succeeds in improving functional state and quality of life beyond the 21 

temporal limits of a hospital discharge or 30-day time window, and preferably out to 1 year. 22 

Such data can also be used to 1) track the types of patients treated by the valve center, and 2) 23 

stratify outcomes according to these features. 24 

Table 5 includes outcomes measures of quality for TAVR recently proposed in the 2017 25 

AATS/ACC/SCAI/STS Expert Consensus Systems of Care Document: Operator and 26 
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Institutional Requirements for Transcatheter Aortic Valve Replacement (34). These proposed 1 

metrics are the beginning of an evolution in outcomes measures that can eventually approach the 2 

level of maturity, validation, and sophistication that pertains to SAVR.  As outlined in Table 5, 3 

any valve program with an outcome metric that falls into the bottom 10% (i.e. with 90% of all 4 

participating sites achieving better outcomes) for at least 2 consecutive quarters may have a 5 

quality issue that should prompt an immediate improvement effort.  6 

 7 

8.1.2. Surgical Mitral Valve Repair 8 
 9 

Surgical mitral valve repair is a well-established procedure that mandates unique quality metric 10 

requirements.  It has been shown that the short and long-term results of mitral repair are superior 11 

to mitral valve replacement in patients with severe primary MR. For patients with asymptomatic 12 

severe primary MR, surgical repair is reasonable provided a successful and durable repair rate 13 

>95% with an operative mortality <1% can be expected at a given center (1,2).   The treatment 14 

options for asymptomatic, severe primary MR should be considered by a MDT and repair 15 

offered only if these high standards can be met.   16 

Based on expert consensus and supported by evidence/data whenever possible, it is 17 

expected that a designated valve center should achieve a surgical mitral valve repair rate of 18 

greater than 75% for patients with primary degenerative (non-rheumatic) MR in the absence of 19 

calcification of the leaflets or annulus.  In these patients, there should be a 30-day operative 20 

mortality rate of less than 1%. This quality metric applies to both Comprehensive (Level I) and 21 

Primary (Level II) Valve Centers.  To achieve this metric, it is anticipated that a Primary (Level 22 

II) Valve Center may limit surgical mitral valve repair to those pathologies that are most 23 

favorable (e.g. isolated posterior leaflet prolapse or partial flail), whereas surgeons at a 24 
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Comprehensive (Level I) Valve Center would be expected to undertake repair of more advanced 1 

pathologies (e.g. anterior or bi-leaflet disease, Barlow’s disease).  In addition, each valve center 2 

may choose to limit the scope of surgical practice for individual surgeons to ensure that the 3 

repair rate thresholds are met or exceeded. Many would consider mitral valve repair to constitute 4 

a surgical subspecialty (51) and volume metrics are available by which to predict rates of 5 

successful and durable repair. Indeed, higher individual surgeon volumes are associated with 6 

higher repair rates, decrease re-operation risk and improved survival (13). Such data support the 7 

concept of preferential referral to an expert surgeon who would more likely operate in a Level I 8 

valve center. 9 

 10 

8.2. Public Reporting 11 
 12 

The public has a right to know the outcomes and quality achieved at a valve center. Public 13 

reporting of risk-adjusted outcomes is an ethical responsibility, and one that is supported by 14 

professional societies. Currently, approximately 60% of cardiac surgery programs in the United 15 

States report their outcomes publicly. There is evidence that those programs that report publicly 16 

have better outcomes than those that do not. The evidence that public reporting is associated with 17 

better outcomes is variable. In addition, experience has shown that the process may have 18 

unintended consequences. The most commonly cited example of performance improvement is 19 

the New York State public reporting of cardiac surgery outcomes (52-55). After the introduction 20 

of CABG report cards in New York State, there was a 41% decline in the risk-adjusted mortality 21 

between 1989 (4.17%) and 1992 (2.45%) and a corresponding reduction in the prevalence of 22 

high and low outlier hospitals. Between 1989 and 1992, New York Medicare patients 23 

experienced a 22% decline in CABG mortality rates vs a 9% decline nationwide. In 1992, New 24 
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York State had the lowest Medicare CABG mortality rate in the nation. It is important that 1 

outcomes be risk-adjusted to help prevent risk avoidance and narrowed case selection as causes 2 

of reduced mortality rates (52). 3 

STS online public reporting enables participants to voluntarily report and inform the 4 

public of their heart surgery scores and star ratings. The STS began public reporting in 2010 and 5 

now publicly reports outcomes for isolated CABG, isolated AVR, and AVR plus CABG. The 6 

Society has imminent plans to report outcomes for mitral valve replacement, mitral valve repair, 7 

and mitral valve replacement and repair plus CABG composites. The publicly reported data are 8 

readily accessible through the STS website and through Consumer Reports.  9 

To make this reporting easily understandable to the public and general consumer, a 3-star 10 

rating system was constructed, based upon a multiprocedural, multidimensional composite 11 

measure designed to comprehensively evaluate the performance of an individual surgeon 12 

(56,57). The highest 3-star rating can generally be considered performance above two standard 13 

deviations from the national mean and likewise a one star performance to be two standard 14 

deviations below the national mean. It is expected that both Comprehensive (Level I) and 15 

Primary (Level II) Valve Centers will report outcomes of both surgery and transcatheter valve 16 

interventions (when the latter are available). 17 

  18 
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Table 5. TAVR Program Performance Requirements   1 
 2 

Adapted from Tommaso et al. 2017 ACC/AATS/SCAI/STS Expert Consensus Statement: 3 

Operator and Institutional Requirements for Transcatheter Aortic Valve Replacement 4 

(confidential draft) 5 

 6 

TAVR Program Performance Requirements: 

Minimum Criteria Necessary for each TAVR Site to Remain an Active Program 

2017 Criteria 

Primary Outcome Metrics 

Minimum Performance Requirement:  

Site Must Not Be in Lowest 10% for National Benchmarks 

of Any Primary Outcome Metric for Two or More 

Consecutive Quarters 

In-hospital risk-adjusted all-

cause mortality  

 To be replaced with 

30- day all-cause 

mortality  

 Site data for each metric 

o Source: Quarterly site report from STS-ACC 

TVT Registry 

o Average value from four most recent consecutive 

quarters of institutional data 

 National benchmark for each metric 

o Source: STS-ACC TVT Registry  

o Median value with IQR and lowest 10% from 

four most recent consecutive quarters of national 

data  

30-day all-cause neurologic 

events including transient 

ischemic attacks 

30-day major vascular 

complication 

30-day major bleeding 

 

30-day moderate or severe AI 

at 30 Days  

Discharge to home 

Future Primary Outcome Metrics 

1-year all-cause mortality  

Patient reported health status (KCCQ) at one year versus baseline  

AI indicates aortic insufficiency; IQR, interquartile range; KCCQ, Kansas City Cardiomyopathy Questionnaire; and 7 
STS-ACC TVT, Society of Thoracic Surgeons (STS)/American College of Cardiology (ACC) Transcatheter Valve 8 
Therapy (TVT) Registry  9 

9. SUMMARY and NEXT STEPS 10 

 11 

The purpose of this document is not simply to ask whether there are too many, too few or just the 12 

right number of advanced valve centers, but rather to initiate a discussion as to whether 13 

regionalized systems of care that recognize differences in valve center expertise, experience and 14 

resources constitute a more rational model by which the balance between patient access to 15 
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cutting-edge techniques and technologies and highest quality outcomes can be realized. Related 1 

topics to address across include strategies to shorten the learning curve associated with new 2 

interventions, incorporation of rapid and iterative changes in surgical techniques, as well as 3 

device and catheter design, into routine care, best practices for efficient MDT functioning, 4 

anticipating transitions of care, continuous quality improvement, education, training, research 5 

and public reporting. The emergence of clinical registries has led to an enhanced ability to assess 6 

and compare quality. Recognition of the inverse relationship between surgical and transcatheter 7 

volumes and outcomes is just one step. Setting performance standards both within and across 8 

centers is now feasible. This proposal does not exist in isolation. The Joint Commission has 9 

issued a Comprehensive Cardiac Advanced Certification Program that includes VHD care (58). 10 

Other accrediting agencies may follow.  11 

The writing committee recognizes that there are several obstacles to implementation of such 12 

a proposal, not the least of which is the complex and fragmented U.S. health care environment in 13 

which restrictive referral networks may impair or delay patient access. The model proposed here 14 

shares many features with other well-established systems, such as integrated vertical health care 15 

delivery systems in which primary care is linked to tertiary/quaternary care or regional, disease-16 

based systems that can expand beyond traditional boundaries, such as that embodied by the 17 

National Brain Attack Coalition for acute stroke care. As is true for the latter, a tiered model of 18 

VHD care should be able to overcome some of the limitations inherent in closed networks and 19 

stimulate creation of more flexible health plan coverage policies.   20 

There are other issues to consider.  They include the following:  21 

1. Some institutions currently offering VHD services will not meet recommended 22 

infrastructure, personnel or quality expectations. For a center to continue to provide 23 
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services within the proposed health system, it will have to change in order to meet 1 

certification requirements. It is not the intention here categorically to exclude low volume 2 

centers/providers but rather to elevate programs and processes of care to optimize patient 3 

outcomes. 4 

2. The manner in which centers and providers interact will be influenced by a host of factors 5 

including health plan coverage, referral patterns, hospital type and electronic health 6 

record interoperability, among others.  7 

3. Case volume (and revenue) will shift to higher volume Comprehensive (Level I) Valve 8 

Centers. Other, non-VHD cardiac care (e.g., aortic, coronary), and even some non-cardiac 9 

care, may also shift to the Comprehensive (Level I) Valve Center (halo effect). The 10 

Primary (Level II) Valve Center, however, may have more capacity to accommodate an 11 

increasing number of lower risk/lower complexity individuals with VHD. It may also be 12 

able to expand screening programs for earlier detection and appropriate referral.  13 

4. Comprehensive (Level I) Valve Centers will experience higher costs associated with the 14 

management of more complex and higher risk patients undergoing more expensive care 15 

with longer lengths of stay.  16 

5. Communication standards across centers and providers will need to be improved to allow 17 

timely access to complete and accurate patient data and promote real time interactions 18 

among those involved in the care of any individual patient. 19 

6. Education and training across centers and the professional ranks of the network are 20 

critical to its function. There should be shared appreciation of the spectrum of VHD 21 

(from simple P2 prolapse to Barlow’s disease for example), the difficulties inherent in 22 

assessment of disease severity, patient and procedural risks, the challenges imposed by 23 



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

41 

 

elderly and frail patients, the duty of quality assessment/improvement, the commitment to 1 

research and the essentials of public reporting. 2 

7. There is a need for balanced, objective and ongoing professional society input into the 3 

requirements for designated center and operator status. Health services research to assess 4 

the impact of a tiered system of care on patient outcomes, quality and cost must be 5 

supported.    6 

This proposed system of care for VHD patients attempts to provide a framework to promote and 7 

facilitate access while ensuring highest quality outcomes. There is a great deal of detailed work 8 

ahead to realize this goal to the satisfaction of patients and the many other stakeholders involved.  9 

  10 



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

42 

 

APPENDIX 1: Author Relationships With Industry and Other Entities (Relevant) — 2017 

AATS/ACC/ASE/SCAI/STS Systems of Care Document: A Proposal to Optimize Care for Patients with Valvular 

Heart Disease 
 

To avoid actual, potential, or perceived conflicts 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, are asked to disclose all current healthcare-related relationships, including those existing 

12 months before initiation of the writing effort. The ACC Task Force on Clinical Expert Consensus Documents reviews these disclosures to determine what companies 

make products (on market or in development) that pertain to the document under development. Based on this information, a writing committee is formed to include a 

majority of members with no relevant relationships with industry (RWI), led by a chair with no relevant RWI. RWI is reviewed on all conference calls and updated as 

changes occur. Author RWI pertinent to this document is disclosed in the table below and peer reviewer RWI is disclosed in Appendix 2. Additionally, to ensure 

complete transparency, authors’ comprehensive disclosure information— including RWI not pertinent to this document—is available online (add online link for 

comprehensive RWI table). Disclosure information for the ACC Task Force on Clinical Expert Consensus Documents is also available online at 

http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/guidelines-and-documents-task-forces, as is the ACC disclosure policy for document 

development, at http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/relationships-with-industry-policy. 

Committee 

Member 

Employment Consultant Speakers 

Bureau 

Ownership/ 

Partnership/ 

Principal 

Personal Research Institutional, 

Organizational, or 

Other Financial 

Benefit 

Expert Witness 

Rick A. 

Nishimura 

(Chair) 

Mayo Clinic, Division of 

Cardiovascular Disease—Judd 

and Mary Morris Leighton 

Professor of Medicine 

None None None None None None 

Patrick T. 

O’Gara (Co-

Chair) 

Harvard Medical School—

Professor of Medicine; 

Brigham and Women’s 

Hospital Cardiovascular 

Division—Director, Clinical 

Cardiology 

None None None None None None 

Joseph E. 

Bavaria 

Hospital of the University of 

Pennsylvania—Director, 

Thoracic Aortic Surgery 

Program 

None None None  Edwards 

Lifesciences* 

 Medtronic* 

 Medtronic 

Vascular* 

 St. Jude Medical 

 Vascutek* 

 W.L. Gore* 

 Edwards 

Lifesciences* 

 Medtronic* 

 

None 

http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/guidelines-and-documents-task-forces
http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/relationships-with-industry-policy


CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

43 

 

Committee 

Member 

Employment Consultant Speakers 

Bureau 

Ownership/ 

Partnership/ 

Principal 

Personal Research Institutional, 

Organizational, or 

Other Financial 

Benefit 

Expert Witness 

John D. Carroll University of Colorado 

Denver—Professor of 

Medicine; Director, 

Interventional Cardiology 

 St. Jude 

Medical† 

None None  Direct Flow* 

 Edwards 

Lifesciences* 

 Evalve/Abbott 

Structural Heart* 

 Medtronic* 

 St. Jude Medical† 

 Teledyne (DSMB) 

 St. Jude 

Medical 

 

None 

Clifford J. 

Kavinsky 

Rush University Medical 

Center—Professor of Medicine 

None None None None None None 

Jane Linderbaum Mayo Clinic—Assistant 

Professor of Medicine; 

Associate Medical Editor for 

AskMayoExpert  

None None None None None None 

Brian R. 

Lindman 

Vanderbilt University Medical 

Center—Associate Professor of 

Medicine; Medical Director, 

Structural Heart and Valve 

Center 

 

Roche Diagnostics 

Medtronic  

None None  Edwards 

Lifesciences† 

 Roche 

Diagnostics† 

 

None None 

Stephen H. Little Houston Methodist Hospital— 

Associate Professor; John S. 

Dunn chair in clinical 

cardiovascular research and 

education 

 

None None None  Abbott  

Laboratories* 

 Medtronic* 

None None 

Michael J. Mack The Heart Hospital Baylor 

Plano—Director 

None None None  Abbott Vascular* 

 Edwards 

Lifesciences* 

 Medtronic* 

None None 



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

44 

 

Committee 

Member 

Employment Consultant Speakers 

Bureau 

Ownership/ 

Partnership/ 

Principal 

Personal Research Institutional, 

Organizational, or 

Other Financial 

Benefit 

Expert Witness 

Laura Mauri Harvard Medical School—

Associate Professor of 

Medicine; Brigham and 

Women’s Hospital 

Cardiovascular Division 

 Biotronik† 

 Corvia† 

 St. Jude Medical† 

None None  Abbott Vascular† 

 Biotronik† 

 Boston Scientific† 

 Corvia† 

None None 

William Miranda Mayo Clinic—Cardiology 

Fellow, Instructor in Medicine 

None None None None None None 

Thoralf M. 

Sundt, III 

Massachusetts General 

Hospital— Chief, Division of 

Cardiac Surgery; Director, 

Corrigan Minehan Heart Center  

None None None None None None 

 

This table represents the relationships of committee members with industry and other entities that were determined to be relevant to this document. These relationships were 

reviewed and updated in conjunction with all meetings and/or conference calls of the writing committee during the document development process. The table does not 

necessarily reflect relationships with industry at the time of publication. A person is deemed to have a significant interest in a business if the interest represents ownership of 

≥5% of the voting stock or share of the business entity, or ownership of ≥$5,000 of the fair market value of the business entity; or if funds received by the person from the 

business entity exceed 5% of the person’s gross income for the previous year. Relationships that exist with no financial benefit are also included for the purpose of transparency. 

Relationships in this table are modest unless otherwise noted.  

 

According to the ACC, a person has a relevant relationship IF:  a)  the relationship or interest relates to the same or similar subject matter, intellectual property or asset, 

topic, or issue addressed in the document; or b) the company/entity (with whom the relationship exists) makes a drug, drug class, or device addressed in the document or 

makes a competing drug or device addressed in the document; or c) the person or a member of the person’s household, has a reasonable potential for financial, 

professional or other personal gain or loss as a result of the issues/content addressed in the document. 

 

* No financial benefit 

† Significant relationship 

 

DSMB indicates Data Safety Monitoring Board    

 

 

 

 



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

45 

 

APPENDIX 2: Peer Reviewer Relevant RWI  
 

[TO BE ADDED BY STAFF] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

46 

 

APPENDIX 3: Abbreviations 
 

ACC  American College of Cardiology  

AATS American Association for Thoracic Surgery 

AF  atrial fibrillation  

AS  aortic stenosis  

ASE American Society of Echocardiography 

AVR  aortic valve replacement 

CMR Cardiac magnetic resonance 

CMS  Center for Medicare and Medicaid Services  

CT Computed Tomography 

KCCQ Kansas City Cardiomyopathy Questionnaire  

LV left ventricular  

MDT multidisciplinary team 

MR  mitral regurgitation  

SAVR  surgical AVR  

SCAI Society for Cardiovascular Angiography and Interventions 

SDM shared decision-making 

SQC  Science and Quality Committee  

STEMI  ST-segment elevation myocardial infarction  

STS Society of Thoracic Surgeons 

STS ACSND   Society of Thoracic Surgeons Adult Cardiac Surgery National Database  

TAVR transcatheter aortic valve replacement  

TIA  transient ischemic attack  

VHD  valvular heart disease  

  
   

 

  



CONFIDENTIAL AND EMBARGOED PEER REVIEW DRAFT 

 

47 

 

APPENDIX 4:  Participants in the Valvular Heart Disease Roundtable 
 

Roundtable Participants December 12-13, 2016 

 
 

Roundtable Planning Committee 

Laura Mauri, MD, MSc, FACC 
Chair and Moderator  
Associate Professor of Medicine, Harvard 
Medical School 
Brigham & Women's Hospital 
 
Sammy Elmariah, MD, MPH, FACC 
Vice-chair  
Assistant Professor of Medicine, Harvard 
Medical School 
Massachusetts General Hospital 
 
Vinay Badhwar, MD, FACC 
Gordon F. Murray Professor and Executive Chair 
WVU Heart & Vascular Institute and CV Service 
Line 
Chief, Division of Cardiothoracic Surgery 
West Virginia University School of Medicine 
 
David R. Holmes, Jr., MD, MACC 
Professor, Mayo Clinic College of Medicine 
Scripps Professor in Cardiovascular Medicine 
Consultant in Cardiovascular Diseases  
Mayo Clinic 
 
Dharam J. Kumbhani, MD, SM, FACC 
Assistant Professor of Medicine 
UT Southwestern Medical Center 
 
Brian R. Lindman, MD, MSCI, FACC 
Associate Professor of Medicine 
Medical Director, Structural Heart and Valve 
Center 
Vanderbilt University Medical Center 
 
 

Patrick T. O’Gara, MD, MACC 
Professor of Medicine, Harvard Medical School 
Senior Physician 
Brigham and Women’s Hospital 

 

ACC Leadership  
 

Shal Jacobovitz  

CEO, American College of Cardiology  

 

 

ACC Staff 
 

Sahisna Bhatia, MPH 

Project Manager, Clinical Pathways and 

Policy 

 

Lea Binder, MA 

Team Leader, Physician Clinical Pathways 

 

Joe Allen, MA 

Team Leader, Clinical Pathways and Policy 

 

Katherine Doermann Byrd 

Associate, Clinician and Patient Pathways 

 

 

 

 



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

48 

 

 

 

ORGANIZATION REPRESENTATIVE 

1. Abbott  Ihsen Merioua, MD  

Director Medical Affairs 

Structural Heart 

Abbott  

2. Aetna  Terry Golash, MD  

Senior Medicare Director for NY and NJ Aetna 

3. American Academy of 

Physician Assistants 

Amy E. Simone, PA-C 
Department of Cardiothoracic Surgery  
Structural Heart & Valve Program  
Emory University Hospital at Midtown 

4. American Association of 

Nurse Practitioners 
Louann Bailey, DNP, APRN, FAANP 

American Association of Nurse Practitioners 

 

5. American Association for 

Thoracic Surgery 
Thoralf M. Sundt, III, MD, FACC 

Chief, Division of Cardiac Surgery 

Director, Corrigan Minehan Heart Center 

Massachusetts General Hospital  

President, American Association for Thoracic Surgery 

6. American College of 

Cardiology 
Mark J. Alberts, MD, FAHA 

Vice-Chair, Hospital Neurology 

Professor 

Department of Neurology and Neurotherapeutics 

UT Southwestern Medical Center 

7. American College of 

Cardiology 
Robert O. Bonow, MD, MACC 

Goldberg Distinguished Professor of Cardiology 

Director, Center for Cardiovascular Innovation 

Northwestern University Feinberg School of Medicine 

8. American College of 

Cardiology 
John D. Carroll, MD, FACC 

Professor of Medicine 

University of Colorado School of Medicine 

Director, Interventional Cardiology 

University of Colorado Hospital 

9. American College of 

Cardiology 
Linda D. Gillam, MD, FACC 

Chair, Department of Cardiovascular Medicine 

Morristown Medical Center 



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

49 

 

 

 

ORGANIZATION REPRESENTATIVE 

10. American College of 

Cardiology 
Patricia Keegan, DNP, APRN, NP-C 

Structural Heart Coordinator 

Emory Structural Heart and Valve Center 

11. American College of 

Cardiology 
Susheel K. Kodali, MD, FACC  

Director, Structural Heart & Valve Center 

NYP/Columbia University Medical Center 

12. American College of 

Cardiology 
Michael J. Mack, MD, FACC 

Director 

Cardiovascular Service Line 

Baylor Scott & White Health 

13. American College of 

Cardiology 
William R. Miranda, MD 

Mayo Clinic  

 

14. American College of 

Cardiology 
Rick A. Nishimura, MD, MACC 

Judd and Mary Morris Leighton Professor of Medicine 

Mayo Clinic 

15. American College of 

Cardiology  
Catherine M. Otto, MD, FACC 

Editor-in-Chief, Heart 

J. Ward Kennedy-Hamilton Endowed Chair in Cardiology  

Professor of Medicine  

Director, Heart Valve Clinic  

University of Washington 

16. American College of 

Cardiology 
Elizabeth M. Perpetua, DNP, ARNP, CCRN 

Director, Structural Heart Services 

Associate Director, Center for Cardiovascular Emerging 

Therapies 

Teaching Associate, Cardiology and Cardiac Surgery 

University of Washington 

17. American College of 

Cardiology 
Jeffrey B. Rich, MD  

Past-Director of CMS Medicare Program 

Program Director of Virginia Cardiac Services Quality 

Initiative  

18. American College of 

Cardiology  
Daniel I. Simon, MD, FACC, FAHA, FSCAI  

President, UH Cleveland Medical Center 

Professor of Medicine, Case Western Reserve University 



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

50 

 

 

 

ORGANIZATION REPRESENTATIVE 

19. American College of 

Cardiology 
Vinod H. Thourani, MD, FACC, FACS 

Professor of Surgery and Medicine 

Chief of Cardiothoracic Surgery, Emory Hospital Midtown 

Co-Director, Structural Heart and Valve Center 

Emory University School of Medicine 

20. American College of 

Physicians 
Sandra V. Abramson, MD, FACC 

Medical Director, Cardiovascular Imaging Center 

Director, Interventional Echocardiography 

Lankenau Heart Pavilion 

21. American College of 

Surgeons 
Steven F. Bolling, MD, FACC 

Professor of Surgery 

University of Michigan Hospital 

22. American Heart 

Association  
Eric R. Bates, MD, FACC 

The Cardiovascular Center 

University of Michigan 

23. American Society of 

Echocardiography 
Stephen H. Little, MD, FACC, FASE 

Associate Professor  

Department of Cardiology  

Houston Methodist Hospital 

24. Association of American 

Medical Colleges 
Scott Shipman, MD, MPH 

Director of Primary Care Affairs and Workforce Analysis  

Association of American Medical Colleges 

25. Association of Black 

Cardiologists 
Uzoma N. Ibebuogu, MD, FACC, FSCAI 

Associate Professor of Medicine 

University of Tennessee Health Science Center  

26. Centers for Medicaid and 

Medicare Services  
Lori M. Ashby 

Director, Division of Medical and Surgical Services 

Coverage and Analysis Group 

Centers for Medicare & Medicaid Services 

27. Centers for Medicaid and 

Medicare Services 
Jyme H. Schafer, MD, MPH 

Medical Officer 

Coverage and Analysis Group 

Centers for Medicare & Medicaid Services 

28. Edwards Lifesciences Martyn Thomas, MD 
Vice President of Medical Affairs 
Edwards Lifesciences   



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

51 

 

 

 

ORGANIZATION REPRESENTATIVE 

29. Kaiser Permanente Somjot (Sam) Brar, MD, MPH, FACC 
Assistant Clinical Professor of Medicine 
The University of California, Los Angeles 

30. Medtronic Carole Bruner 

Senior Director, Professional Relations 

Medtronic  

31. Mended Hearts Donnette Smith 

President 

Mended Hearts 

32. Society for 

Cardiovascular 

Angiography and 

Interventions 

Clifford J. Kavinsky, MD, PhD, FACC  

Professor of Medicine and Pediatrics  

Rush University Medical Center 

33. Society of 

Cardiovascular 

Anesthesiologists 

Mary Beth Brady, MD, FASE 

Director, Intraoperative Transesophageal Echocardiography 

Program 

Vice-Chair for Education 

Johns Hopkins University School of Medicine 

34. Society of 

Cardiovascular 

Computed Tomography 

Brian Ghoshhajra, MD, MBA  

Service Chief, Cardiovascular Imaging  

Massachusetts General Hospital  

35. Society of Thoracic 

Surgeons 
Joseph E. Bavaria, MD, FACC 

Professor of Cardiothoracic Surgery  

University of Pennsylvania 

President, Society of Thoracic Surgeons  

36. U.S. Food and Drug 

Administration 
John Laschinger, MD 

Medical Officer 

Structural Heart Devices Branch 

U.S. Food and Drug Administration 

37. U.S. Food and Drug 

Administration 
Nicole Ibrahim, PhD 

Branch Chief 

Structural Heart Devices Branch 

U.S. Food and Drug Administration 

38. Veterans Health 

Administration  
Anthony Bavry, MD 

Associate Professor 

University of Florida Health  



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

52 

 

 

 

References 
 
1. Vahanian A, Alfieri O, Andreotti F, et al. Guidelines on the management of valvular heart disease 

(version 2012): The Joint Task Force on the Management of Valvular Heart Disease of the 
European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery 
(EACTS). Eur Heart J. 2012;33:2451-96. 

2. Nishimura RA, Otto CM, Bonow RO, et al. 2014 AHA/ACC guideline for the management of 
patients with valvular heart disease: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;63:e57-e185. 

3. Nkomo VT, Gardin JM, Skelton TN, et al. Burden of valvular heart diseases: a population-based 
study. Lancet. 2006;368:1005-11. 

4. d'Arcy JL, Coffey S, Loudon MA, et al. Large-scale community echocardiographic screening 
reveals a major burden of undiagnosed valvular heart disease in older people: the OxVALVE 
Population Cohort Study. Eur Heart J. 2016;37:3515-22. 

5. Carroll JD. TAVR prognosis, aging, and the second TAVR tsunami: insights from France. J Am Coll 
Cardiol. 2016;68:1648-50. 

6. Lindroos M, Kupari M, Heikkila J, et al. Prevalence of aortic valve abnormalities in the elderly: an 
echocardiographic study of a random population sample. J Am Coll Cardiol. 1993;21:1220-5. 

7. Bach DS, Awais M, Gurm HS, et al. Failure of guideline adherence for intervention in patients 
with severe mitral regurgitation. J Am Coll Cardiol. 2009;54:860-5. 

8. Bach DS, Siao D, Girard SE, et al. Evaluation of patients with severe symptomatic aortic stenosis 
who do not undergo aortic valve replacement: the potential role of subjectively overestimated 
operative risk. Circ Cardiovasc Qual Outcomes. 2009;2:533-9. 

9. Jokinen JJ, Hippelainen MJ, Pitkanen OA, et al. Mitral valve replacement versus repair: 
propensity-adjusted survival and quality-of-life analysis. Ann Thorac Surg. 2007;84:451-8. 

10. Chikwe J, Goldstone AB, Passage J, et al. A propensity score-adjusted retrospective comparison 
of early and mid-term results of mitral valve repair versus replacement in octogenarians. Eur 
Heart J. 2011;32:618-26. 

11. Shuhaiber J, Anderson RJ. Meta-analysis of clinical outcomes following surgical mitral valve 
repair or replacement. Eur J Cardiothorac Surg. 2007;31:267-75. 

12. Bolling SF, Li S, O'Brien SM, et al. Predictors of mitral valve repair: clinical and surgeon factors. 
Ann Thorac Surg. 2010;90:1904-11; discussion 12. 

13. Chikwe J, Toyoda N, Anyanwu AC, et al. Relation of mitral valve surgery volume to repair rate, 
durability, and survival. J Am Coll Cardiol. 2017:pii: S0735-1097(17)30677-0. doi: 
10.1016/j.jacc.2017.02.026 [Epub ahead of print]. 

14. Gammie JS, O'Brien SM, Griffith BP, et al. Influence of hospital procedural volume on care 
process and mortality for patients undergoing elective surgery for mitral regurgitation. 
Circulation. 2007;115:881-7. 

15. Kilic A, Shah AS, Conte JV, et al. Operative outcomes in mitral valve surgery: combined effect of 
surgeon and hospital volume in a population-based analysis. J Thorac Cardiovasc Surg. 
2013;146:638-46. 

16. Vassileva CM, Boley T, Markwell S, et al. Impact of hospital annual mitral procedural volume on 
mitral valve repair rates and mortality. J Heart Valve Dis. 2012;21:41-7. 



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

53 

 

 

 

17. Badhwar V, Thourani VH, Ailawadi G, et al. Transcatheter mitral valve therapy: The event 
horizon. J Thorac Cardiovasc Surg. 2016;152:330-6. 

18. Chatterjee S, Rankin JS, Gammie JS, et al. Isolated mitral valve surgery risk in 77,836 patients 
from the Society of Thoracic Surgeons database. Ann Thorac Surg. 2013;96:1587-94; discussion 
94-5. 

19. Gammie JS, Sheng S, Griffith BP, et al. Trends in mitral valve surgery in the United States: results 
from the Society of Thoracic Surgeons Adult Cardiac Surgery Database. Ann Thorac Surg. 
2009;87:1431-7; discussion 7-9. 

20. Adams DH, Rosenhek R, Falk V. Degenerative mitral valve regurgitation: best practice revolution. 
Eur Heart J. 2010;31:1958-66. 

21. Bonow RO, Adams DH. The time has come to define centers of excellence in mitral valve repair. J 
Am Coll Cardiol. 2016;67:499-501. 

22. Arnold SV, Spertus JA, Vemulapalli S, et al. Quality-of-life outcomes after transcatheter aortic 
valve replacement in an unselected population: a report from the STS/ACC Transcatheter Valve 
Therapy Registry. JAMA Cardiol. 2017;2:409-16. 

23. Holmes DR, Jr., Mack MJ. Transcatheter valve therapy a professional society overview from the 
american college of cardiology foundation and the society of thoracic surgeons. J Am Coll 
Cardiol. 2011;58:445-55. 

24. Holmes DR, Jr., Mack MJ, Kaul S, et al. 2012 ACCF/AATS/SCAI/STS expert consensus document 
on transcatheter aortic valve replacement. J Am Coll Cardiol. 2012;59:1200-54. 

25. Tommaso CL, Bolman RM, 3rd, Feldman T, et al. 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. J Am Coll Cardiol. 2012;59:2028-42. 

26. Alberts MJ, Latchaw RE, Selman WR, et al. Recommendations for comprehensive stroke centers: 
a consensus statement from the Brain Attack Coalition. Stroke. 2005;36:1597-616. 

27. Sampalis JS, Lavoie A, Boukas S, et al. Trauma center designation: initial impact on trauma-
related mortality. J Trauma. 1995;39:232-7; discussion 7-9. 

28. D'Agostino RS, Jacobs JP, Badhwar V, et al. The Society of Thoracic Surgeons Adult Cardiac 
Surgery Database: 2016 Update on Outcomes and Quality. Ann Thorac Surg. 2016;101:24-32. 

29. LaPar DJ, Speir AM, Crosby IK, et al. Postoperative atrial fibrillation significantly increases 
mortality, hospital readmission, and hospital costs. Ann Thorac Surg. 2014;98:527-33; discussion 
33. 

30. Edwards FH, Cohen DJ, O'Brien SM, et al. Development and validation of a risk prediction model 
for in-hospital mortality after transcatheter aortic valve replacement. JAMA Cardiol. 2016;1:46-
52. 

31. O'Brien SM, Cohen DJ, Rumsfeld JS, et al. Variation in hospital risk-adjusted mortality rates 
following transcatheter aortic valve replacement in the United States: a report From the Society 
of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy Registry. Circ 
Cardiovasc Qual Outcomes. 2016;9:560-5. 

32. Shahian DM, He X, Jacobs JP, et al. The Society of Thoracic Surgeons Isolated Aortic Valve 
Replacement (AVR) Composite Score: a report of the STS Quality Measurement Task Force. Ann 
Thorac Surg. 2012;94:2166-71. 

33. Nishimura RA, Otto CM, Bonow RO, et al. 2017 AHA/ACC focused update of the 2014 AHA/ACC 
guideline for the management of patients with valvular heart disease: A report of the American 



SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

54 

 

 

 

College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J 
Am Coll Cardiol. 2017:DOI: 10.1016/j.jacc.2017.03.011 [Epub ahead of print]. 

34. Bavaria JE, Tommaso CL, Carroll J, et al. ACC/AATS/SCAI/STS expert consensus systems of care 
document: operator and institutional requirements for transcatheter aortic valve replacement. J 
Am Coll Cardiol. 2017;XX:XXX-XXX. 

35. Douglas VC, Tong DC, Gillum LA, et al. Do the Brain Attack Coalition's criteria for stroke centers 
improve care for ischemic stroke? Neurology. 2005;64:422-7. 

36. Optimal hospital resources for care of the seriously injured. Bull Am Coll Surg. 1976;61:15-22. 
37. Mullins RJ, Mann NC. Population-based research assessing the effectiveness of trauma systems. 

J Trauma. 1999;47:S59-66. 
38. Norwood S, Fernandez L, England J. The early effects of implementing American College of 

Surgeons level II criteria on transfer and survival rates at a rurally based community hospital. J 
Trauma. 1995;39:240-4; discussion 4-5. 

39. Alberts MJ, Hademenos G, Latchaw RE, et al. Recommendations for the establishment of 
primary stroke centers. Brain Attack Coalition. JAMA. 2000;283:3102-9. 

40. Alberts MJ, Wechsler LR, Jensen ME, et al. Formation and function of acute stroke-ready 
hospitals within a stroke system of care recommendations from the brain attack coalition. 
Stroke. 2013;44:3382-93. 

41. O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the management of ST-
elevation myocardial infarction: executive summary: a report of the American College of 
Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am Coll 
Cardiol. 2013;1:485-510. 

42. Champion JK, Pories WJ. Centers of Excellence for Bariatric Surgery. Surg Obes Relat Dis. 
2005;1:148-51. 

43. Congenital Heart Disease Standards & Specifications. Available at: 
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2016/03/chd-spec-
standards-2016.pdf. Accessed: 06/27/2017. 

44. Lancellotti P, Rosenhek R, Pibarot P, et al. ESC Working Group on Valvular Heart Disease position 
paper--heart valve clinics: organization, structure, and experiences. Eur Heart J. 2013;34:1597-
606. 

45. MacKenzie EJ, Rivara FP, Jurkovich GJ, et al. A national evaluation of the effect of trauma-center 
care on mortality. N Engl J Med. 2006;354:366-78. 

46. Jollis JG, Al-Khalidi HR, Roettig ML, et al. Regional Systems of Care Demonstration Project: 
American Heart Association Mission: Lifeline STEMI Systems Accelerator. Circulation. 
2016;134:365-74. 

47. Morton JM, Garg T, Nguyen N. Does hospital accreditation impact bariatric surgery safety? Ann 
Surg. 2014;260:504-8; discussion 8-9. 

48. Azagury D, Morton JM. Bariatric surgery outcomes in US accredited vs non-accredited centers: a 
systematic review. J Am Coll Surg. 2016;223:469-77. 

49. Xian Y, Holloway RG, Chan PS, et al. Association between stroke center hospitalization for acute 
ischemic stroke and mortality. JAMA. 2011;305:373-80. 

50. Carroll JD, Vemulapalli S, Dai D, et al. The association between procedural experience for 
transcatheter aortic valve replacement and outcomes: insights from the STS/ACC TVT Registry. J 
Am Coll Cardiol. In Press. 

https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2016/03/chd-spec-standards-2016.pdf
https://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2016/03/chd-spec-standards-2016.pdf


SYSTEMS OF CARE DOCUMENT – CONFIDENTIAL AND EMBARGOED 

 

 

 

 

55 

 

 

 

51. Gillinov M, Mick S, Suri RM. The specialty of mitral valve repair. J Am Coll Cardiol. 
2017:DOI:10.1016/j.jacc.2017.01.059. [Epub ahead of print]. 

52. Green J, Wintfeld N. Report cards on cardiac surgeons. Assessing New York State's approach. N 
Engl J Med. 1995;332:1229-32. 

53. Hannan EL, Kumar D, Racz M, et al. New York State's Cardiac Surgery Reporting System: four 
years later. Ann Thorac Surg. 1994;58:1852-7. 

54. Hannan EL, Kilburn H, Jr., Racz M, et al. Improving the outcomes of coronary artery bypass 
surgery in New York State. JAMA. 1994;271:761-6. 

55. Hannan EL, Siu AL, Kumar D, et al. The decline in coronary artery bypass graft surgery mortality 
in New York State. The role of surgeon volume. JAMA. 1995;273:209-13. 

56. Rankin JS, Badhwar V, He X, et al. The Society of Thoracic Surgeons Mitral Valve 
Repair/Replacement Plus Coronary Artery Bypass Grafting Composite Score: A Report of The 
Society of Thoracic Surgeons Quality Measurement Task Force. Ann Thorac Surg. 
2017;103:1475-81. 

57. Shahian DM, He X, Jacobs JP, et al. The Society of Thoracic Surgeons Composite Measure of 
Individual Surgeon Performance for Adult Cardiac Surgery: A Report of The Society of Thoracic 
Surgeons Quality Measurement Task Force. Ann Thorac Surg. 2015;100:1315-24; discussion 24-
5. 

58. The Joint Commission. Comprehensive Cardiac Center Advanced Certification Program. Available 
at: https://www.jointcommission.org/approved_comprehensive_cardiac_center/. Accessed: 
March 12, 2017. 

 

https://www.jointcommission.org/approved_comprehensive_cardiac_center/

