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TOP 10 TAKE-HOME MESSAGES

1. Disease stages in patients with valvular heart disease

should be classified (Stages A, B, C, and D) on the basis
of symptoms, valve anatomy, the severity of valve
dysfunction, and the response of the ventricle and
pulmonary circulation.

. In the evaluation of a patient with valvular heart

disease, history and physical examination findings
should be correlated with the results of noninvasive
testing (ie, ECG, chest x-ray, transthoracic echocar-
diogram). If there is discordance between the
physical examination and initial noninvasive testing,
consider further noninvasive (computed tomogra-
phy, cardiac magnetic resonance imaging, stress
testing) or invasive (transesophageal echocardiogra-
phy, cardiac catheterization) testing to determine
optimal treatment strategy.

. For patients with valvular heart disease and atrial

fibrillation (except for patients with rheumatic mitral
stenosis or a mechanical prosthesis), the decision to
use oral anticoagulation to prevent thromboembolic
events, with either a vitamin K antagonist or a non-
vitamin K antagonist anticoagulant, should be made
in a shared decision-making process based on the
CHA,DS,-VASc score. Patients with rheumatic mitral
stenosis or a mechanical prosthesis and atrial fibril-
lation should receive oral anticoagulation with a
vitamin K antagonist.

. All patients with severe valvular heart disease being

considered for valve intervention should be evaluated
by a multidisciplinary team, with either referral to or
consultation with a Primary or Comprehensive Valve
Center.

. Treatment of severe aortic stenosis with either a

transcatheter or surgical valve prosthesis should be
based primarily on symptoms or reduced ventricular
systolic function. intervention may be
considered if indicated by results of exercise testing,

Earlier

biomarkers, rapid progression, or the presence of very
severe stenosis.

. Indications for transcatheter aortic valve implantation

are expanding as a result of multiple randomized tri-
als of transcatheter aortic valve implantation versus
surgical aortic valve replacement. The choice of type
of intervention for a patient with severe aortic ste-
nosis should be a shared decision-making process that
considers the lifetime risks and benefits associated
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with type of valve (mechanical versus bioprosthetic)
and type of approach (transcatheter versus surgical).

7. Indications for intervention for valvular regurgita-
tion are relief of symptoms and prevention of the
irreversible long-term consequences of left ventric-
ular volume overload. Thresholds for intervention
now are lower than they were previously because of
more durable treatment options and lower proce-
dural risks.

8. A mitral transcatheter edge-to-edge repair is of benefit
to patients with severely symptomatic primary mitral
regurgitation who are at high or prohibitive risk for
surgery, as well as to a select subset of patients with
secondary mitral regurgitation who remain severely
symptomatic despite guideline-directed management
and therapy for heart failure.

9. Patients presenting with severe symptomatic isolated
tricuspid regurgitation, commonly associated with
device leads and atrial fibrillation, may benefit from
surgical intervention to reduce symptoms and recur-
rent hospitalizations if done before the onset of severe
right ventricular dysfunction or end-organ damage to
the liver and kidney.

10. Bioprosthetic valve dysfunction may occur because of
either degeneration of the valve leaflets or valve
thrombosis. Catheter-based treatment for prosthetic
valve dysfunction is reasonable in selected patients
for bioprosthetic leaflet degeneration or paravalvular
leak in the absence of active infection.

PREAMBLE

Since 1980, the American College of Cardiology (ACC) and
American Heart Association (AHA) have translated scien-
tific evidence into clinical practice guidelines with rec-
ommendations to improve cardiovascular health. These
guidelines, which are based on systematic methods to
evaluate and classify evidence, provide a foundation for
the delivery of quality cardiovascular care. The ACC and
AHA sponsor the development and publication of clinical
practice guidelines without commercial support, and
members volunteer their time to the writing and review
efforts. Guidelines are official policy of the ACC and AHA.
For some guidelines, the ACC and AHA partner with other
organizations.

Intended Use

Clinical practice guidelines provide recommendations
applicable to patients with or at risk of developing car-
diovascular disease. The focus is on medical practice in
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the United States, but these guidelines are relevant to
patients throughout the world. Although guidelines may
be used to inform regulatory or payer decisions, the
intent is to improve quality of care and align with pa-
tients’ interests. Guidelines are intended to define
practices meeting the needs of patients in most, but not
all, circumstances, and should not replace clinical
judgment.

Clinical Implementation

Management, in accordance with guideline recommen-
dations, is effective only when followed by both
practitioners and patients. Adherence to recommenda-
tions can be enhanced by shared decision-making
between clinicians and patients, with patient engage-
ment in selecting interventions on the basis of indi-
vidual values, preferences, and associated conditions
and comorbidities.

Methodology and Modernization

The ACC/AHA Joint Committee on Clinical Practice
Guidelines (Joint Committee) continuously reviews, up-
dates, and modifies guideline methodology on the basis of
published standards from organizations, including the
Institute of Medicine, (1,2) and on the basis of internal
reevaluation. Similarly, presentation and delivery of
guidelines are reevaluated and modified in response to
evolving technologies and other factors to optimally
facilitate dissemination of information to healthcare
professionals at the point of care.

Numerous modifications to the guidelines have been
implemented to make them shorter and enhance “user-
friendliness.” Guidelines are written and presented in a
modular “knowledge chunk” format, in which each
chunk includes a table of recommendations, a brief
synopsis, recommendation-specific supportive text and,
when appropriate, flow diagrams or additional tables.
Hyperlinked references are provided for each modular
knowledge chunk to facilitate quick access and review.
Word limit targets and a web supplement for useful
but noncritical tables and figures are 2 recent
modifications.

In recognition of the importance of cost-value consid-
erations, in certain guidelines, when appropriate and
feasible, an analysis of value for a drug, device, or inter-
vention may be performed in accordance with the ACC/
AHA methodology (3).

To ensure that guideline recommendations remain
current, new data will be reviewed on an ongoing basis by
the writing committee and staff. Going forward, targeted
sections or knowledge chunks will be revised dynamically
after publication and timely peer review of potentially

e29
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practice-changing science. The previous designations of
“full revision” and “focused update” will be phased out.
For additional information and policies on guideline
development, readers may consult the ACC/AHA guide-
line methodology manual (4) and other methodology ar-
ticles (5-7).

Selection of Writing Committee Members

The Joint Committee strives to ensure that the guideline
writing committee members have requisite content
expertise and are representative of the broader cardio-
vascular community. Experts are selected across a spec-
trum of backgrounds, representing different geographic
regions, sexes, races, ethnicities, intellectual perspectives
or biases, and clinical practice settings. Organizations and
professional societies with related interests and expertise
are invited to participate as partners or collaborators.

Relationships With Industry and Other Entities

The ACC and AHA have rigorous policies and methods to
ensure that documents are developed without bias or
improper influence. The complete policy on relationships
with industry and other entities (RWI) can be found
online. Appendix 1 of the guideline lists writing committee
members’ relevant RWI; for the purposes of full trans-
parency, their comprehensive disclosure information is
available online. Comprehensive disclosure information for
the Joint Committee is also available online.

Evidence Review and Evidence Review Committees

In developing recommendations, the writing commit-
tee uses evidence-based methodologies that are based
on all available data (4,5). Literature searches focus
on randomized controlled trials (RCTs) but also
include registries, nonrandomized comparative and
descriptive studies, case series, cohort studies, sys-
tematic reviews, and expert opinion. Only key ref-
erences are cited.

An independent evidence review committee is
commissioned when there are one or more questions
deemed of utmost clinical importance that merit formal
systematic review to determine which patients are most
likely to benefit from a drug, device, or treatment strat-
egy, and to what degree. Criteria for commissioning an
evidence review committee and formal systematic review
include absence of a current authoritative systematic re-
view, feasibility of defining the benefit and risk in a time
frame consistent with the writing of a guideline, rele-
vance to a substantial number of patients, and likelihood
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that the findings can be translated into actionable rec-
ommendations. Evidence review committee members
may include methodologists, epidemiologists, clinicians,
and biostatisticians. Recommendations developed by the
writing committee on the basis of the systematic review
are marked “sR.”

Guideline-Directed Management and Therapy

The term guideline-directed management and therapy
(GDMT) encompasses clinical evaluation, diagnostic
testing, and both pharmacological and procedural treat-
ments. For these and all recommended drug treatment
regimens, the reader should confirm dosage with product
insert material and evaluate for contraindications and
interactions. Recommendations are limited to drugs, de-
vices, and treatments approved for clinical use in the
United States.
Patrick T. O’Gara, MD, MACC, FAHA, Chair,
ACC/AHA Joint Committee on Clinical Practice
Guidelines

1. INTRODUCTION

1.1. Methodology and Evidence Review

The recommendations listed in this document are,
whenever possible, evidence based. An extensive review
was conducted on literature published through March 1,
2020. Searches were extended to studies, reviews, and
other evidence involving human subjects that were
published in English and indexed in PubMed, EMBASE,
Cochrane, Agency for Healthcare Research and Quality
Reports, and other selected databases relevant to this
guideline. Key search words included but were not
limited to the following: valvular heart disease, aortic
stenosis, aortic regurgitation, bicuspid aortic valve,
mitral stenosis, mitral regurgitation, tricuspid stenosis,
tricuspid regurgitation, pulmonic stenosis, pulmonic
regurgitation, prosthetic valves, anticoagulation therapy,
infective endocarditis, cardiac surgery, transcatheter
aortic valve replacement or implantation, and percuta-
neous mitra-clip. Additionally, the committee reviewed
documents related to the subject matter previously
published by the ACC and AHA. The references selected
and published in this document are representative and
not all-inclusive.

1.2. Organization of the Writing Committee

The writing committee was composed of clinicians, which

included cardiologists, interventionalists, surgeons,
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Title Organization Publication Year (Reference)
Recommendations for Evaluation of the Severity of Native Valvular Regurgitation With Two-Dimensional and ASE 2017 (5)

Doppler Echocardiography
European Association of Echocardiography Recommendations for the Assessment of Valvular Regurgitation, EAE 2010 (6)

Part 2: Mitral and Tricuspid Regurgitation (Native Valve Disease)

Guidelines for the Management of Patients With Atrial Fibrillation ACC/AHA/ESC 2006, 2008, 2019 (7-9)
Guidelines for the Management of Adults With Congenital Heart Disease ACC/AHA 2018 (10)
Echocardiographic Assessment of Valve Stenosis: EAE/ASE Recommendations for Clinical Practice EAE/ASE 2009 (11)
Recommendations on the Echocardiographic Assessment of Aortic Valve Stenosis: A Focused Update from the EACI/ASE 2017 (12)
European Association of Cardiovascular Imaging and the American Society of Echocardiography
Guidelines for the Evaluation of Valvular Regurgitation After Percutaneous Valve Repair or Replacement: ASE 2019 (13)
A Report from the American Society of Echocardiography
Recommendations for Evaluation of Prosthetic Valves With Echocardiography and Doppler Ultrasound ASE 2009 (14)
Guideline for the Diagnosis and Treatment of Hypertrophic Cardiomyopathy ACCF/AHA 2011 (15)
2020 (16)
Guidelines on the Management of Cardiovascular Diseases During Pregnancy ESC 2011, 2018 (17,18)
Antithrombotic and Thrombolytic Therapy for Valvular Disease: Antithrombotic Therapy and Prevention of Thrombosis ACCP 2012 (19)
Guidelines on the Management of Valvular Heart Disease ESC/EACTS 2012 (20) 2017 (21)
Guideline for the Management of Heart Failure ACCF/AHA 2017 (22)

ACC indicates American College of Cardiology; ACCF, American College of Cardiology Foundation; ACCP, American College of Chest Physicians; AHA, American Heart Association; ASE,
American Society of Echocardiography; EACI, European Association of Cardiovascular Imaging; EACTS, European Association of Cardio Thoracic Surgery; EAE, European Association of

Echocardiography; and ESC, European Society of Cardiology.

anesthesiologists, and a patient representative. Members
were required to disclose all RWI relevant to the data
under consideration.

1.3. Document Review and Approval

This document was reviewed by 2 official reviewers
each nominated by the ACC and the AHA, as well as
content reviewers nominated by the ACC and AHA.
Reviewers’ RWI information was distributed to the
writing committee and is published in this document
(Appendix 2).

1.4. Scope of the Guideline

The focus of this guideline is the diagnosis and man-
agement of adult patients with valvular heart disease
(VHD). A full revision of the original 1998 VHD guide-
line was made in 2006, and an update was made in
2008 (1). Another full revision was made in 2014 (2),
with an update in 2017 (3). There was an additional
statement of clarification specifically for surgery for
aortic dilation in patients with bicuspid aortic valves
(BAV) in 2016 (4). The present guideline will replace the

2014 guideline and 2017 focused update. Some recom-
mendations from the earlier VHD guidelines have been
updated as warranted by new evidence or a better un-
derstanding of earlier evidence, whereas others that
were inaccurate, irrelevant, or overlapping were deleted
or modified. Throughout, our goal was to provide the
clinician with concise, evidence-based, contemporary
recommendations and the supporting documentation to
encourage their use. Where applicable, sections were
divided into subsections of 1) diagnosis and follow-up,
2) medical therapy, and 3) intervention. The purpose
of these subsections is to categorize the Class of
Recommendation according to the clinical decision-
making pathways that caregivers use in the manage-
ment of patients with VHD.

The document recommends a combination of lifestyle
modifications and medications that constitute compo-
nents of GDMT. For both GDMT and other recommended
drug treatment regimens, the reader is advised to confirm
dosages with product insert material and to carefully
evaluate for contraindications and drug-drug in-
teractions. Table 1 is a list of associated guidelines that
may be of interest to the reader.
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TABLE 2 Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic
Testing in Patient Care (Updated May 2019)*

CLASS (STRENGTH) OF RECOMMENDATION LEVEL (QUALITY) OF EVIDENCEF

CLASS 2a (MODERATE) Benefit >> Risk

Suggested phrases for writing recommendations:
e |s reasonable
e (Can be useful/effective/beneficial
e Comparative-Effectiveness Phrasest:
— Treatment/strategy A is probably recommended/indicated in

preference to treatment B LEVEL C-LD (Limited Data)
— Itis reasonable to choose treatment A over treatment B

e Randomized or nonrandomized observational or registry studies with
limitations of design or execution

e Meta-analyses of such studies

o Physiological or mechanistic studies in human subjects

LEVEL C-EO (Expert Opinion)

e Consensus of expert opinion based on clinical experience

COR and LOE are determined independently (any COR may be paired with any LOE).

A recommendation with LOE C does not imply that the recommendation is weak. Many
important clinical questions addressed in guidelines do not lend themselves to clinical
trials. Although RCTs are unavailable, there may be a very clear clinical consensus that a
particular test or therapy is useful or effective.

*

The outcome or result of the intervention should be specified (an improved clinical
outcome or increased diagnostic accuracy or incremental prognostic information).

—

For comparative-effectiveness recommendations (COR 1 and 2a; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons
of the treatments or strategies being evaluated.

+

The method of assessing quality is evolving, including the application of stan-
dardized, widely-used, and preferably validated evidence grading tools; and for
systematic reviews, the incorporation of an Evidence Review Committee.

COR indicates Class of Recommendation; EO, expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

1.5. Class of Recommendation and Level of Evidence risk. The Level of Evidence (LOE) rates the quality of
The Class of Recommendation (COR) indicates the scientific evidence supporting the intervention on the
strength of recommendation, encompassing the esti- basis of the type, quantity, and consistency of data from

mated magnitude and certainty of benefit in proportion to clinical trials and other sources (Table 2) (1).
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1.6. Abbreviations

Abbreviation Meaning/Phrase

2D 2-dimensional

3D 3-dimensional

ACE angiotensin-converting enzyme

AF atrial fibrillation

ARB angiotensin receptor blocker

aPTT activated partial thromboplastin time
AR aortic regurgitation

AS aortic stenosis

AVR aortic valve replacement

BAV bicuspid aortic valve

BNP B-type natriuretic peptide

CABG coronary artery bypass graft surgery
CAD coronary artery disease

CMR cardiac magnetic resonance

COR Class of Recommendation

CcT computed tomography

ECG electrocardiogram

GDMT guideline-directed management and therapy
HF heart failure

IE infective endocarditis

INR international normalized ratio

LA left atrium (left atrial)

LMWH low-molecular-weight heparin

LOE Level of Evidence

Lv left ventricle (left ventricular)

LVEDD left ventricular end-diastolic dimension
LVEF left ventricular ejection fraction

LVESD left ventricular end-systolic dimension
MDT multidisciplinary team

MR mitral regurgitation

MS mitral stenosis

NOAC non-vitamin K oral anticoagulant
NYHA New York Heart Association

PCI percutaneous coronary intervention
PET positron emission tomography

PMBC percutaneous mitral balloon commissurotomy
RCT randomized controlled trial

RV right ventricle (right ventricular)

SAVR surgical aortic valve replacement

TAVI transcatheter aortic valve implantation
TEE transesophageal echocardiography (echocardiogram)
TEER transcatheter edge-to-edge repair

TR tricuspid regurgitation

TTE transthoracic echocardiography (echocardiogram)
UFH unfractionated heparin

VHD valvular heart disease

Viv valve-in-valve

VKA vitamin K antagonist

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

2. GENERAL PRINCIPLES

2.1. Evaluation of the Patient With Known or Suspected Native
VHD

Patients with VHD may present with a heart murmur,
symptoms, or incidental findings of valvular abnormal-
ities on noninvasive testing. Irrespective of the pre-
sentation, all patients with known or suspected VHD
should undergo an initial meticulous history and
physical examination. A detailed physical examination
should be performed to diagnose and assess the
severity of valve lesions. An electrocardiogram (ECG) to
confirm heart rhythm and a chest x-ray to assess the
presence or absence of pulmonary congestion or other
lung pathology may be helpful in the initial assessment
of patients with known or suspected VHD. A compre-
hensive transthoracic echocardiogram (TTE) with 2-
dimensional (2D) imaging and Doppler interrogation
should be performed for diagnosis and evaluation of
known or suspected VHD. The TTE also provides addi-
tional information, such as the effect of the valve lesion
on the cardiac chambers and great vessels, as well as an
assessment of other valve lesions. To determine the
optimal treatment for a patient with VHD, ancillary
testing may be required, such as transesophageal
echocardiography (TEE), computed tomography (CT),
cardiac magnetic resonance (CMR) imaging, stress
testing, Holter monitoring, diagnostic hemodynamic
cardiac catheterization, or positron emission tomogra-
phy (PET) combined with CT imaging. If intervention is
contemplated, surgical or procedural risk should be
estimated and other factors also considered, including
comorbidities, frailty, and patient preferences and
values (Table 3).

2.2. Definitions of Severity of Valve Disease

Classification of valve disease severity is based on mul-
tiple criteria, including symptoms, valve anatomy, valve
hemodynamics and the effects of valve dysfunction on
ventricular and vascular function (eg, end-organ dam-
age). Surgical and transcatheter interventions are per-
formed primarily on patients with severe VHD, but
diagnosis, patient education, periodic monitoring, and
medical therapy are essential elements in the manage-
ment of patients at risk of VHD and with mild to moderate
valve dysfunction. This document provides a classifica-
tion of the progression of VHD, with 4 stages (A to D).
Indications for intervention and periodic monitoring are
dependent on 1) the presence or absence of symptoms, 2)
the severity of VHD, 3) the response of the LV and/or RV
to volume or pressure overload caused by VHD, and 4) the
effects on the pulmonary or systemic circulation (Table 4).
The purpose of valvular intervention is to improve
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iV:\:]{838 Evaluation of Patients With Known or Suspected VHD

Reason

Test
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Indication

Initial evaluation: All patients with known or
suspected valve disease

Further diagnostic testing: Information required for equivocal
symptom status, discrepancy between examination and
echocardiogram, further definition of valve disease,
or assessing response of the ventricles and pulmonary
circulation to load and to exercise

Further risk stratification: Information on future risk of the
valve disease, which is important for determination of
timing of intervention

Preprocedural testing: Testing required before valve
intervention

TTE*

History and physical

ECG

Chest x-ray

TEE

CMR

PET CT
Stress testing

Catheterization

Biomarkers

TTE strain
CMR

Stress testing
Procedural risk

Frailty score

Dental examination

CT coronary angiogram
or invasive
coronary angiogram

CT: Peripheral

CT: Cardiac

Establishes chamber size and function, valve morphology and
severity, and effect on pulmonary and systemic circulation

Establishes symptom severity, comorbidities, valve disease
presence and severity, and presence of HF

Establishes rhythm, LV function, and presence or absence of
hypertrophy

Important for the symptomatic patient; establishes heart size and
presence or absence of pulmonary vascular congestion, intrinsic
lung disease, and calcification of aorta and pericardium

Provides high-quality assessment of mitral and prosthetic valve,
including definition of intracardiac masses and possible
associated abnormalities (eg, intracardiac abscess, LA thrombus)

Provides assessment of LV volumes and function, valve severity,
and aortic disease

Aids in determination of active infection or inflammation
Gives an objective measure of exercise capacity

Provides measurement of intracardiac and pulmonary pressures,
valve severity, and hemodynamic response to exercise and drugs

Provide indirect assessment of filling pressures and myocardial
damage

Helps assess intrinsic myocardial performance

Assesses fibrosis by gadolinium enhancement

Provides prognostic markers

Quantified by STS (Predicted Risk of Mortality) and TAVI scores

Provides assessment of risk of procedure and chance of recovery of
quality of life

Rules out potential infection sources

Gives an assessment of coronary anatomy

Assesses femoral access for TAVI and other transcatheter
procedures

Assesses suitability for TAVI and other transcatheter procedures

*TTE is the standard initial diagnostic test in the initial evaluation of patients with known or suspected VHD.

CMR indicates cardiac magnetic resonance; CT, computed tomography; ECG, electrocardiogram; HF, heart failure; LV, left ventricular; PET, positron emission tomography; STS,
Society of Thoracic Surgeons; TAVI, transcatheter aortic valve implantation; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography; and VHD, valvular heart

disease.

symptoms, prolong survival, and minimize the risk of
VHD-related complications, such as irreversible ventric-
ular dysfunction, pulmonary hypertension, stroke, and
atrial fibrillation (AF). Thus, the criteria for “severe” VHD
are based on predictors of clinical outcome from obser-
vational studies, registry data, and randomized clinical
trials (RCTs) of patients with VHD. Of course, severity is a
continuous variable; categorizing disease into stages,
from A to D, simply provides a framework, or starting
point, for diagnosis and management, and it is recognized
that not all patients will fit perfectly into a specific stage.
Some patients will have symptoms or end-organ damage
with valve hemodynamics that do not quite meet specific
disease severity criteria, and numerical measures may not
match exactly across all categories. Conversely, other
patients may remain asymptomatic without obvious evi-
dence of end-organ damage despite apparently severe
VHD. Criteria for the stages of each individual valve lesion

are listed in Section 3.1 (Table 13), Section 4.2 (Table 15),
Section 6.1 (Table 16), Section 7.2 (Table 17), Section 7.3
(Table 18), and Section 8.1 (Table 20).

iV .\:i8 '8 Stages of VHD

Stage Definition Description

A At risk Patients with risk factors for development of VHD
B Progressive Patients with progressive VHD (mild to moderate
severity and asymptomatic)
C Asymptomatic ~ Asymptomatic patients who have the criteria for
severe severe VHD:
C1: Asymptomatic patients with severe VHD in whom
the LV or RV remains compensated
C2: Asymptomatic patients with severe VHD with
decompensation of the LV or RV
D Symptomatic Patients who have developed symptoms as a result
severe of VHD

LV indicates left ventricle; RV, right ventricle; and VHD, valvular heart disease.
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1V:\:]14-W Frequency of Echocardiograms in Asymptomatic Patients With VHD and Normal LV Function

Type of Valve Lesion

Stage Aortic Stenosis*

Aortic Regurgitation

Mitral Stenosis Mitral Regurgitation

Progressive (Stage B) g Every 3-5 y (mild severity;

Vmax 2.0-2.9 m/s)
B Every 1-2 y moderate severity;
Vmax 3.0-3.9 m/s)

B Every 3-5y
B Every1-2y

Severe asymptomatic  Every 6-12 mo (Vpax =4 m/s)
(Stage C1)

Every 6-12 mo

(mild severity)

(moderate severity)

Dilating LV: More frequently

Every 3-5y

, B Every1-2y
(MV area >1.5 cm?) (moderate severity)
B Every3-5y

(mild severity)

B Every1-2 y (MV area 1.0-1.5 cm?) Every 6-12mo
2 Dilating LV: More frequently
m Every year (MV area <1.0 cm?)

Patients with mixed valve disease may require serial evaluations at intervals earlier than recommended for single-valve lesions. These intervals apply to most patients with each valve

lesion and do not take into consideration the etiology of the valve disease.
*With normal stroke volume.

LV indicates left ventricle; MV, mitral valve; VHD, valvular heart disease; and Viax, maximum velocity.

2.3. Diagnosis and Follow-Up
2.3.1. Diagnostic Testing: Initial Diagnosis

TTE is the standard diagnostic test in the initial evalua-
tion of patients with known or suspected VHD (1-4). TTE
allows accurate assessment of valve anatomy and etiol-
ogy, concurrent valve disease, and associated abnormal-
ities, such as aortic dilation. Left ventricular (LV) anatomy
and function are characterized by linear dimensions, as
well as by 2D and 3D volumes and ejection fraction
(LVEF), and it is recognized that decisions are most robust
when based on sequential studies, given the inherent
measurement variability for these parameters (5). Doppler
echocardiography provides accurate noninvasive deter-
mination of valve hemodynamics (1,2,6). For stenotic le-
sions, key measurements are maximum velocity, mean
gradient, and valve area. For regurgitant lesions, calcu-
lation of regurgitant orifice area, volume, and fraction is
performed, when possible in the context of a multipa-
rameter severity grade based on color Doppler imaging,
continuous- and pulsed-wave Doppler recordings, and the
presence or absence of distal flow reversals. Pulmonary
systolic pressure also is estimated, along with qualitative
evaluation of right ventricular (RV) size and function (7).
In selected patients, additional testing, such as stress
testing, TEE, cardiac catheterization, and CT or CMR im-
aging, might be indicated. However, both the perfor-
mance and interpretation of these diagnostic tests require
meticulous attention to detail, as well as expertise in
cardiac imaging and evaluation of hemodynamics.
Because echocardiography remains the mainstay of the
initial evaluation of all patients with VHD, it is recom-
mended that the laboratory be an Intersocietal Accredi-
tation Commission (IAC)-accredited program (8).

2.3.2. Diagnostic Testing: Changing Signs or Symptoms

Patients with VHD should be instructed to promptly
report any change in symptom status. The onset of
symptoms or a change in the physical examination should

raise concern about the cardiac response to the valve
lesion, necessitating a repeat TTE. A repeat comprehen-
sive TTE study can determine whether symptoms are
caused by progressive valve dysfunction, deterioration of
the ventricular response to the volume or pressure over-
load, or another etiology. New signs on physical exami-
nation also warrant a repeat TTE (1-7). This requires that
patients with known VHD have access to a primary care
provider and a cardiovascular specialist.

2.3.3. Diagnostic Testing: Routine Follow-Up

After initial evaluation of an asymptomatic patient with
VHD, the clinician should continue regular follow-up with
periodic examinations and TTE. The purpose of follow-up
is to prevent the irreversible consequences of severe VHD,
primarily affecting the status of the ventricles and pul-
monary circulation, which may occur in the absence of
symptoms. At a minimum, a yearly history and physical
examination are necessary. The frequency of repeat 2D
and Doppler echocardiography is based on the type and
severity of the valve lesion, the known rate of progression
of the specific valve lesion, and the effect of the valve
lesion on the affected ventricle (Table 5) (1-14). Patients
with Stages C2 and D disease are not included in this table
because they would be considered candidates for inter-
vention. The follow-up interval may be extended in pa-
tients with mild regurgitation who show no change over a
10- to 15-year period. In addition to routine periodic im-
aging, the onset of symptoms or a change in the physical
examination should raise concern about the cardiac
response to the valve lesion, necessitating a repeat TTE.

2.3.4. Diagnostic Testing: Cardiac Catheterization

Although TTE is now able to provide the required
anatomic and hemodynamic information in most patients
with VHD, there is still a subset of patients in whom he-
modynamic catheterization is necessary to ensure that
the proper decision about treatment is made. If nonin-
vasive testing yields inconclusive data, particularly in the
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symptomatic patient, or if there is a discrepancy between
the noninvasive tests and clinical findings, a hemody-
namic cardiac catheterization with direct intracardiac
measurements of transvalvular pressure gradients and
cardiac output measurements provides valuable clinical
information. Severity of stenosis may be underestimated
when imaging is difficult or when the Doppler beam is not
aligned parallel to the direction of the high-velocity jet.
Severity of valve regurgitation may be overestimated or
underestimated if the image or Doppler data quality is
suboptimal. Contrast angiography is sometimes useful
for a semiquantitative assessment of the severity of
regurgitation in those instances in which the noninvasive
results are discordant with the physical examination (1). A
major advantage of cardiac catheterization is the mea-
surement of intracardiac pressures and pulmonary
vascular resistance, which may further aid in decision-
making about valve intervention. Diagnostic in-
terventions that can be performed in the catheterization
laboratory include the use of dobutamine in low-flow
states, pulmonary vasodilators in pulmonary hyperten-
sion, and exercise hemodynamics in patients with
discrepant symptoms (1,2). A hemodynamic catheteriza-
tion needs to be done with meticulous attention to detail
by persons with knowledge and expertise in assessing
patients with VHD.

2.3.5. Diagnostic Testing: Exercise Testing

In a subset of patients, exercise stress testing will be of
additional value in determining optimal therapy. Because
of the slow, insidious rate of progression of many valve
lesions, patients may deny symptoms as they gradually
limit their activity level over several years to match the
gradual limitations imposed by the valve lesion. In pa-
tients with an equivocal history of symptoms, exercise
testing helps identify those who are truly symptomatic
(1,2). Exercise stress testing (ie, examining the exercise
capacity and blood pressure response) is of prognostic
value in patients with asymptomatic valve disease and
provides further information about the timing of a po-
tential intervention (3-11). It is important that exercise

RECOMMENDATION
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testing in patients with severe VHD always be performed
by trained operators, with continuous monitoring of the
ECG and blood pressure.

2.4. Basic Principles of Medical Therapy

In patients being evaluated for VHD, standard GDMT for
cardiac risk factors, including hypertension, diabetes
mellitus, and hyperlipidemia, should not be neglected.
Heart-healthy lifestyle factors (exercising, consuming a
healthy diet, not smoking, and maintaining a normal body
size) are no different for patients with VHD than for the
general population. Many patients with asymptomatic
VHD feel better with regular aerobic exercise to improve
cardiovascular fitness (1-3). Although heavy isometric
repetitive training might increase LV afterload, resistive
training with small free weights or repetitive isolated
muscle training may be used to strengthen individual
muscle groups. Most patients with LV systolic dysfunc-
tion and severe VHD will undergo intervention for the
valve itself. However, if intervention is declined or not
feasible, standard GDMT drug therapy for LV systolic
dysfunction should be continued, including diuretics,
angiotensin-converting enzyme (ACE) inhibitors, angio-
tensin receptor blockers (ARBs), beta blockers, aldoste-
rone antagonists, and/or sacubitril/valsartan and
biventricular pacing, as indicated in the guidelines for
heart failure (HF) (1). In patients with stenotic valve le-
sions, abrupt lowering of blood pressure should be avoi-
ded (1). Rheumatic fever prophylaxis and infective
endocarditis (IE) prophylaxis should be provided to
appropriate groups of patients, as outlined in Sections
2.4.1 and 2.4.2. The maintenance of optimal oral health
remains the most important component of an overall
healthcare program in preventing IE. Influenza and
pneumococcal vaccinations should follow standard rec-
ommendations in patients with VHD. For subsets of pa-
tients with AF and VHD, anticoagulation is discussed in
Section 2.4.3.

2.4.1. Secondary Prevention of Rheumatic Fever

Recommendation for Secondary Prevention of Rheumatic Fever

COR LOE

1. In patients with rheumatic heart disease, secondary prevention of rheumatic fever is indicated

C-EO (Tables 6 and 7) (1).

Synopsis

Rheumatic fever is an important cause of VHD world-
wide, although it is less common in high-income coun-
tries. Rapid detection and treatment of streptococcal
pharyngitis constitute primary prevention of rheumatic

fever. For patients with previous episodes of rheumatic
fever or in those with evidence of rheumatic heart disease,
long-term antistreptococcal prophylaxis is indicated for
secondary prevention (1).
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L::]8 AW Secondary Prevention of Rheumatic Fever

Antibiotics for Prevention Dosage*

Penicillin G benzathine 1.2 million U intramuscularly every 4 wkt

Penicillin V potassium 200 mg orally twice daily

Sulfadiazine 1 g orally once daily

Macrolide or azalide antibiotic Varies
(for patients allergic to
penicillin and sulfadiazine)+

Adapted from Gerber et al. (1)

*In patients with documented valvular heart disease, the duration of rheumatic fever
prophylaxis should be =10 y or until the patient is 40 y of age (whichever is longer).
Lifelong prophylaxis may be recommended if the patient is at high risk of group A
streptococcus exposure. Secondary rheumatic heart disease prophylaxis is required even
after valve replacement.

tAdministration every 3 wk is recommended in certain high-risk situations.

$Macrolide antibiotics should not be used in persons taking other medications that
inhibit cytochrome P450 3A, such as azole antifungal agents, HIV protease inhibitors,
and some selective serotonin reuptake inhibitors.

Recommendation-Specific Supportive Text

1. Recurrent rheumatic fever is associated with a wors-
ening of rheumatic heart disease. However, infection
with group A streptococcus does not have to be symp-
tomatic to trigger a recurrence, and rheumatic fever can
recur even when the symptomatic infection is treated.

Recommendations for IE Prophylaxis

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

TABLE 7 FD:‘II'::lon of Secondary Prophylaxis for Rheumatic

Type Duration After Last Attack*

Rheumatic fever with carditis and residual
heart disease (persistent VHD t)

10 y or until patient is 40 y of
age (whichever is longer)

Rheumatic fever with carditis but no residual 10 y or until patient is 21 y of age
heart disease (no valvular disease 1) (whichever is longer)

Rheumatic fever without carditis 5y or until patient is 21y of age

(whichever is longer)

Adapted from Gerber et al. (1)
*Lifelong prophylaxis may be recommended if the patient is at high risk of group A
streptococcus exposure. Secondary rheumatic heart disease prophylaxis is required even
after valve replacement.
tClinical or echocardiographic evidence.

VHD indicates valvular heart disease.

Prevention of recurrent rheumatic fever requires long-
term antimicrobial prophylaxis rather than recogni-
tion and treatment of acute episodes of group A strep-
tococcus pharyngitis. The recommended treatment
regimens and duration of secondary prophylaxis are
shown in Tables 6 and 7.

2.4.2. IE Prophylaxis

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

e37

1. Antibiotic prophylaxis is reasonable before dental procedures that involve manipulation of gingival tis-

2a C-LD

who have any of the following (1-9):
a. Prosthetic cardiac valves, including transcatheter-implanted prostheses and homografts.
. Prosthetic material used for cardiac valve repair, such as annuloplasty rings, chords, or clips.

b
c. Previous IE.
d

sue, manipulation of the periapical region of teeth, or perforation of the oral mucosa in patients with VHD

. Unrepaired cyanotic congenital heart disease or repaired congenital heart disease, with residual shunts

or valvular regurgitation at the site of or adjacent to the site of a prosthetic patch or prosthetic

device.

e. Cardiac transplant with valve regurgitation attributable to a structurally abnormal valve.

2. In patients with VHD who are at high risk of IE, antibiotic prophylaxis is not recommended for nondental
BB procedures (eg, TEE, esophagogastroduodenoscopy, colonoscopy, or cystoscopy) in the absence of active

infection (10,11).

Synopsis

With the absence of RCTs addressing the efficacy of
antibiotic prophylaxis for prevention of IE (1,12-14) and
given uncertainty about which patient populations are at
highest risk, these recommendations are based on patho-
physiological considerations, limited data, and clinical
expertise. A prospective study demonstrated that pro-
phylactic antibiotics given to patients for what is typically
considered a high-risk dental procedure reduced but did
not eliminate the incidence of bacteremia (2). A 2013
Cochrane Database systematic review of antibiotic pro-
phylaxis for the prevention of IE in dentistry concluded

that there is no evidence to determine whether antibiotic
prophylaxis is effective or ineffective, highlighting the
need for further study of this long-standing clinical
dilemma (1). Epidemiological data conflict with regard to
changes in the incidence of IE after adoption of more
limited antibiotic prophylaxis guidelines (15-22). The
consensus of the writing committee is that antibiotic pro-
phylaxis is reasonable for the subset of patients at highest
risk of developing IE and at high risk of experiencing
adverse outcomes from IE. There is no evidence for IE
prophylaxis in gastrointestinal procedures or genitouri-
nary procedures, in the absence of known active infection.
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Recommendation-Specific Supportive Text chewing food (7% to 51%). The incidence of IE after
most procedures is low, with no controlled data sup-

1. The risk of developing IE is highest in patients with a
ping & P porting the benefit of antibiotic prophylaxis. Indis-

prosthetic valve, prior IE, or congenital heart disease
with residual flow disturbances (3). IE has been re-
ported to occur after transcatheter aortic valve im-
plantation (TAVI) at rates equal to or exceeding those
associated with surgical aortic valve replacement
(SAVR) and is associated with a high 1-year mortality

criminate use of antibiotics can be associated with the
development of resistant organisms, Clostridium diffi-
cile colitis, unnecessary expense, and drug toxicity.
The rate of transient bacteremia during or immediately
after endoscopy is 2% to 5%, and the organisms typi-
cally identified are unlikely to cause IE (11,27,28). The
rate of bacteremia does not increase with biopsy, pol-
ypectomy, or sphincterotomy. Some gastrointestinal
procedures are associated with rates of bacteremia
higher than that for simple endoscopy; these proced-
ures include esophageal dilation (as high as 45%),
sclerotherapy (31%), and endoscopic retrograde chol-
angiopancreatography (6% to 18%) (29). However, no
studies have shown reduced rates of IE with antibiotic
prophylaxis. Surgery, instrumentation, or diagnostic
procedures that involve the genitourinary tract may

rate of 75% (23,24). IE may also occur after valve repair
with prosthetic material, which results in high in-
hospital and 1-year mortality rates, even with surgical
intervention (25,26). IE appears to be more common in
heart transplant recipients than in the general popu-
lation, according to limited data (3). The risk of IE is
highest in the first 6 months after transplantation
because of endothelial disruption, high-intensity
immunosuppressive therapy, frequent central venous
catheter access, and frequent endomyocardial biopsies
(3). Persons at risk of IE can reduce potential sources of
bacterial seeding by maintaining optimal oral health
through regular professional dental care and the use of
appropriate dental products, such as manual, powered,
and ultrasonic toothbrushes; dental floss; and other
plaque-removal devices.

cause bacteremia. In the absence of infection, the rate
of bacteremia after urinary tract procedures is low. In
patients with bacteriuria, antimicrobial therapy before
elective procedures, including lithotripsy, typically is
provided (30).

2. Transient bacteremia is commonly seen in routine ac-
tivities such as brushing teeth and flossing (20% to 2.4.3. Anticoagulation for AF in Patients With VHD
68%), using toothpicks (20% to 40%), and simply

Recommendations for Anticoagulation for AF in Patients With VHD

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. For patients with AF and native valve heart disease (except rheumatic mitral stenosis [MS]) or who
received a bioprosthetic valve >3 months ago, a non-vitamin K oral anticoagulant (NOAC) is an effective
alternative to VKA anticoagulation and should be administered on the basis of the patient's CHA,DS,-VASc
score (1,2).

-

2. For patients with AF and rheumatic MS, long-term VKA oral anticoagulation is recommended.
1 C-EO

3. For patients with new-onset AF <3 months after surgical or transcatheter bioprosthetic valve replacement,
anticoagulation with a VKA is reasonable (3-6).

4. In patients with mechanical heart valves with or without AF who require long-term anticoagulation with
VKA to prevent valve thrombosis, NOACs are not recommended (7).

Synopsis bioprosthetic valves >3 months after implantation or, 2)
Patients with VHD and AF should be evaluated for risk ~ with native VHD excluding rheumatic MS (Figure 1).

of thromboembolic events and to treat them with oral

anticoagulation if they are at high risk. VKAs are the

anticoagulation drugs of choice for patients with rheu- 1. The 4 large RCTs (8-14) comparing NOACs with

matic MS and mechanical heart valves. NOACs are an warfarin included small numbers of patients with VHD,

alternative to VKAs in patients with AF and 1) with prior valve repair, and bioprosthetic valves (excluding

Recommendation-Specific Supportive Text
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FIGURE 1 Anticoagulation for AF in Patients With VHD

Patient With VHD and AF

Y

Native valve disease

Rheumatic M5 (except rheumatic MS)

\

Bioprosthetic
valve

\ 4 \
33 Fis SEERT New-onset AF
b aERTE within 3 mo of valve
P implantation

Anticoagulation with
VKA
(2a)

Colors correspond to Table 2. AF indicates atrial fibrillation; MS, mitral stenosis; NOAC, non-vitamin K oral anticoagulant; VHD, valvular heart disease; and

VKA, vitamin K antagonist.

moderate to severe rheumatic MS and mechanical
heart valves). In addition to the subsequent meta-
analyses (1,15-17), examinations of insurance claims
data and large registries (18) have consistently
confirmed no signal for a differential effect between
NOAC and VKA therapy (19,20). More consistently
observed is a net clinical benefit, with fewer events in
patients using NOACs than in patients on VKA
therapy. Validation of the CHA,DS,-VASc risk schema
in patients with VHD (excluding moderate to severe
rheumatic MS and mechanical heart valves) has been
performed in large registries (2), confirming the
applicability of this score. Bioprosthetic valves do not
appear to be independent predictors of
thromboembolic events in patients with AF (19).

. The coexistence of AF and rheumatic MS is common
and confers a substantial risk of thromboembolic
events. These patients have been specifically excluded
from NOAC trials, yet a single registry study and a US
claims database analysis do suggest that NOACs may be

potentially preferable (21,22). These findings need
further validation, and currently the use of NOACs
cannot be supported over VKA (target international
normalized ratio [INR] of 2.5).

. Postoperative AF after VHD intervention is associated

with increased stroke and mortality rates (3,4) irre-
spective of the CHA,DS,-VASc score. Anticoagulation
in this setting may reduce these endpoints. There are
conflicting data about the safety and efficacy of NOAC
therapy in patients early after implantation of a bio-
prosthesis (5,6,23). Until more data are available, the
writing committee favors using VKA for patients with
AF in the first 3 months after surgical or transcatheter
bioprosthetic valve implantation to prevent thrombo-
embolic events. The optimal duration of anti-
coagulation is not well defined. Repeat evaluation is
encouraged in all patients to detect arrhythmia recur-
rence in the context of their CHA,DS,-VASc scores.

. The phase II study comparing dabigatran to warfarin

(RE-ALIGN [Randomized, Phase II Study to Evaluate
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the Safety and Pharmacokinetics of Oral Dabigatran
Etexilate in Patients after Heart Valve Replacement])
was halted prematurely because of excess stroke and
bleeding in the dabigatran group. Until there is an
explanation of why these adverse events occurred,

Recommendation for Evaluation of Surgical and Interventional Risk

COR LOE

RECOMMENDATION
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there is insufficient evidence to support the use of
NOACs for patients with mechanical heart valves (7).

2.5. Evaluation of Surgical and Interventional Risk

1. For patients with VHD for whom intervention is contemplated, individual risks should be calculated for

C-EO

specific surgical and/or transcatheter procedures, using online tools when available, and discussed before

the procedure as a part of a shared decision-making process.

Synopsis

Risk assessment has become a foundational element of
the preprocedural evaluation of patients with VHD for
whom intervention to correct the valve lesion may be
contemplated. Although there are limitations to the
scoring systems used to estimate the risk of adverse out-
comes, these estimates provide a useful point of reference
against which procedural benefits can be weighed. Nu-
merical estimates of risk are just one component of the
multidisciplinary team (MDT) assessment process, and
factors not routinely included in risk algorithms (eg, liver
disease, porcelain aorta) add important dimensions. The
availability of TAVI for treatment of symptomatic severe
aortic stenosis (AS) across the surgical risk spectrum

iV.\:18E:8 Risk Assessment for Surgical Valve Procedures

emphasizes the need to have discussions about younger
age at implantation, valve durability, and the potential
need for permanent pacemaker implantation. For young
patients (eg, <65 years of age) who opt for a surgical bio-
prosthesis, strategies for sequential procedures over a
longer follow-up period (ie, valve-in-valve [ViV] TAVI
versus reoperation) must be addressed.

Recommendation-Specific Supportive Text

1. The decision to intervene, as well as the type of pro-
cedure recommended, is based on an assessment of
patient-, procedure-, and institution- or operator-
specific short-term risks and long-term benefits
(Table 8). Surgical mortality rate and major morbidity

Low-Risk SAVR Low-Risk Surgical Mitral Valve

(Must Meet
ALL Criteria

Repair for Primary MR
(Must Meet ALL

High Surgical Risk
(Any 1 Criterion

Prohibitive Surgical Risk
(Any 1 Criterion

Criteria in This Column) Criteria in This Column) in This Column) in This Column)
STS-predicted risk of death* <3% <1% >8% Predicted risk of death or major morbidity
AND AND OR (all-cause) >50% at 1y
OR
Frailtyt None None =2 Indices (moderate to =2 Indices (moderate to severe)
AND AND severe) OR
OR
Cardiac or other major organ system None None 1 to 2 Organ systems =3 Organ systems
compromise not to be improved AND AND OR OR
postoperatively+
Procedure-specific impediment§ None None Possible procedure- Severe procedure-specific impediment

specific impediment

*Use of the STS Predicted Risk of Mortality (http://riskcalc.sts.org/stswebriskcalc/#/) to predict risk in a given institution with reasonable reliability is appropriate only if institutional
outcomes are within 1 standard deviation of the STS average observed/expected mortality ratio for the procedure in question. The EUROSCORE Il risk calculator may also be considered
for use and is available at http://www.euroscore.org/calc.html.
tSeven frailty indices: Katz Activities of Daily Living (independence in feeding, bathing, dressing, transferring, toileting, and urinary continence) plus independence in ambulation (no
walking aid or assistance required, or completion of a 5-m walk in <6 s). Other scoring systems can be applied to calculate no, mild, or moderate to severe frailty.
+Examples of major organ system compromise include cardiac dysfunction (severe LV systolic or diastolic dysfunction or RV dysfunction, fixed pulmonary hypertension); kidney
dysfunction (chronic kidney disease, stage 3 or worse); pulmonary dysfunction (FEV; <50% or D co, <50% of predicted); central nervous system dysfunction (dementia, Alzheimer's
disease, Parkinson's disease, cerebrovascular accident with persistent physical limitation); gastrointestinal dysfunction (Crohn's disease, ulcerative colitis, nutritional impairment, or
serum albumin <3.0); cancer (active malignancy); and liver dysfunction (any history of cirrhosis, variceal bleeding, or elevated INR in the absence of VKA therapy).
§Examples of procedure-specific impediments include presence of tracheostomy, heavily calcified (porcelain) ascending aorta, chest malformation, arterial coronary graft adherent to
posterior chest wall, and radiation damage.

D\ co> indicates diffusion capacity for carbon dioxide; FEV;, forced expiratory volume in 1s; INR, international normalized ratio; LV, left ventricular; MR, mitral regurgitation; RV, right
ventricular; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons; and VKA, vitamin K antagonist.
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;{80 Examples of Procedure-Specific Risk Factors for Interventions Not Incorporated Into Existing Risk Scores

Surgical Mitral Valve Repair

SAVR TAVI or Replacement TEER
Technical or anatomic
m Prior mediastinal radiation = Aorto-iliac occlusive m Prior sternotomy m Multivalve disease
m Ascending aortic calcifica- disease precluding m Prior mediastinal radiation = Valve morphology (eg, thickening,

tion (porcelain aorta may
be prohibitive) n

transfemoral approach =

Aortic arch atheroscle-

rosis (protuberant

lesions)

m Severe MR or TR

m Low-lying coronary
arteries

m Basal septal
hypertrophy

m Valve morphology
(eg, bicuspid or uni-
cuspid valve)

m Extensive LV outflow
tract calcification

Comorbidities

Severe COPD or home =
oxygen therapy

Severe COPD or home oxy- =
gen therapy

= Pulmonary hypertension m Pulmonary hypertension =
m Severe RV dysfunction m Severe RV dysfunction =
m Hepatic dysfunction m Hepatic dysfunction u
= Frailty* m Frailty*

Futility

m STS score >15 m STS score >15

m Life expectancy <1y m Life expectancy <1y u
m Poor candidate for m Poor candidate for u

rehabilitation rehabilitation

m STS score >15

Ascending aortic calcifica-
tion (porcelain aorta may
be prohibitive) ]

Severe COPD or home oxy- =m
gen therapy

Pulmonary hypertension
Hepatic dysfunction
Frailty*

Life expectancy <1y
Poor candidate for
rehabilitation

perforations, clefts, calcification,
and stenosis)
Prior mitral valve surgery

Severe COPD or home oxygen
therapy

= Pulmonary hypertension
m Hepatic dysfunction
m Frailty*

m STS score >15
m Life expectancy <1y
m Poor candidate for rehabilitation

*Validated frailty scores include the Katz Activities of Daily Living Score (10,34,35).

COPD indicates chronic obstructive pulmonary disease; MR, mitral regurgitation; RV, right ventricular; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons;
TAVI, transcatheter aortic valve implantation; TEER, transcatheter edge-to-edge repair; and TR, tricuspid regurgitation.

risks can be calculated with a web-based tool derived
from the Society of Thoracic Surgeons (STS) Adult
Cardiac Surgery database for 6 specific procedures
(http://riskcalc.sts.org/stswebriskcalc/calculate). TAVI-
specific risk prediction tools are also available (http://
tools.acc.org/TAVRRisk/#!/content/evaluate/) (1-6).
Frailty assessment for at-risk patients is routine (7-11).
Patients toward the higher end of the risk spectrum, for
whom intervention would be futile or associated with a
high likelihood of a poor outcome, should be identified
(12-18). Risk prediction tools for transcatheter mitral
valve repair are comparatively less robust (17-19). The
relationship between operator/institutional case vol-
ume and outcomes has been explored for surgical (20)
and transcatheter (21-23) aortic valve replacement
(AVR), surgical mitral valve repair and replacement
(24-32), and transcatheter mitral valve repair (33).
Table 9 includes examples of several factors that impact
outcomes but are not routinely captured in currently

available risk scores. Perioperative mortality rates for 6
specific surgical procedures are shown in Table 10. The
potential to return to activities of daily living after an
intervention must be considered.

Median Operative Mortality Rates for Specific
iV:\:IAR/ B Surgical Procedures (STS Adult Cardiac Surgery
Database, 2019)

Procedure Mortality Rate (%)
AVR 2.2

AVR and CABG 4

AVR and mitral valve replacement 9

Mitral valve replacement 5

Mitral valve replacement and CABG 9

Mitral valve repair 1

Mitral valve repair and CABG 5

AVR indicates aortic valve replacement; CABG, coronary artery bypass graft surgery;

and STS, Society of Thoracic Surgeons.
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2.6. The Multidisciplinary Heart Valve Team and Heart Valve
Centers

JACC VOL. 77, NO. 4, 2021
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Recommendations for the Multidisciplinary Heart Valve Team and Heart Valve Centers

COR

LOE RECOMMENDATIONS

1. Patients with severe VHD should be evaluated by a Multidisciplinary Heart Valve Team (MDT) when

(=Y intervention is considered.

2a

2. Consultation with or referral to a Primary or Comprehensive Heart Valve Center is reasonable when

C-LD

treatment options are being discussed for 1) asymptomatic patients with severe VHD, 2) patients who

may benefit from valve repair versus valve replacement, or 3) patients with multiple comorbidities for
whom valve intervention is considered (1-19).

Synopsis

The value of the MDT has become increasingly apparent
as options in the treatment of VHD have broadened. Heart
Valve Centers, in the context of an integrated multi-
institutional model of care for patients with VHD, allow

optimization of patient outcomes through improved 1.

decision-making and matching of patients to providers
with appropriate expertise, experience, and resources (12).

m Structure of Primary and Comprehensive Valve Centers

Comprehensive (Level 1) Valve Center

Primary and Comprehensive Heart Valve Centers are
defined by their offerings and expertise in the management
of patients with VHD (12) (Table 11).

Recommendation-Specific Supportive Text

The MDT is an established feature of heart valve pro-
grams (20) and has been formally endorsed by the ACC,
the American Society of Echocardiography, the Society

Primary (Level II) Valve Center

Interventional procedures*
TAVI-transfemoral
Percutaneous aortic valve balloon dilation

TAVI-alternative access, including transthoracic (transaortic, transapical) and
extrathoracic (eg, subclavian, carotid, caval) approaches

Valve-in-valve procedures

TEER

Prosthetic valve paravalvular leak closure

Percutaneous mitral balloon commissurotomy
Surgical procedures*

SAVR

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

Mitral valve replacement#

Multivalve operations

Reoperative valve surgery

Isolated or concomitant tricuspid valve repair or replacement
Imaging personnel

Echocardiographer with expertise in valve disease and transcatheter
and surgical interventions

Expertise in CT with application to valve assessment and procedural planning

Interventional echocardiographer to provide imaging guidance for transcatheter and
intraoperative procedures

Expertise in cardiac MRI with application to assessment of VHD

TAVI-transfemoral

Percutaneous aortic valve balloon dilation

SAVR

Mitral repair for posterior leaflet primary MRt

Mitral valve replacement#

Concomitant tricuspid valve repair or replacement with mitral surgery

Echocardiographer with expertise in valve disease and transcatheter and
surgical interventions

Expertise in CT with application to valve assessment and procedural
planning

Continued on the next page
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Comprehensive (Level 1) Valve Center
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Primary (Level II) Valve Center

Criteria for imaging personnel

A formalized role/position for a "valve echocardiographer” who performs
both the pre- and postprocedural assessment of valve disease

A formalized role/position for the expert in CT who oversees
the preprocedural assessment of patients with valve disease

A formalized role/position for an interventional echocardiographer
Institutional facilities and infrastructure
MDT

A formalized role/position for a dedicated valve coordinator
who organizes care across the continuum and system of care

Cardiac anesthesia support

Palliative care team

Vascular surgery support

Neurology stroke team

Consultative services with other cardiovascular subspecialties
Consultative services with other medical and surgical subspecialties

Echocardiography-3D TEE; comprehensive TTE for assessment
of valve disease

Cardiac CT
ICU

Temporary mechanical support (including percutaneous support devices such as

intra-aortic balloon counterpulsation, temporary percutaneous
ventricular assist device or ECMO)

Left/right ventricular assist device capabilities (on-site or at an affiliated institution)

Cardiac catheterization laboratory, hybrid catheterization laboratory,
or hybrid OR laboratory§

PPM and ICD implantation

Criteria for institutional facilities and infrastructure

IAC echocardiography laboratory accreditation

24/7 intensivist coverage for ICU

A formalized role/position for a "valve echocardiographer” who performs
both the pre- and postprocedural assessment of valve disease

A formalized role/position for the expert in CT who oversees
the preprocedural assessment of patients with valve disease

MDT

A formalized role/position for a dedicated valve coordinator
who organizes care across the continuum and system of care

Cardiac anesthesia support
Palliative care team
Vascular surgery support

Neurology stroke team

Echocardiography-comprehensive TTE for assessment of valve disease

Cardiac CT
ICU

Temporary mechanical support (including percutaneous support devices
such as intra-aortic balloon counterpulsation, temporary percutaneous
ventricular assist device or ECMO)

Cardiac catheterization laboratory

PPM and ICD implantation

IAC echocardiography laboratory accreditation

*A primary (Level Il) Center may provide additional procedures traditionally offered at a Comprehensive (Level I) Center as long as the criteria for competence and outcomes are met.

tIf intraoperative imaging and surgical expertise exist.
#If mitral valve anatomy is not suitable for valve repair.

§Equipped with a fixed radiographic imaging system and flat-panel fluoroscopy, offering catheterization laboratory-quality imaging and hemodynamic capability.

AVR indicates aortic valve replacement; CT, computed tomography; ECMO, extracorporeal membrane oxygenation; ICD, implantable cardioverter defibrillator; IAC, Intersocietal
Accreditation Commission; ICU, intensive care unit; MDT, multidisciplinary team; MR, mitral regurgitation; MRI, magnetic resonance imaging; OR operating room; PPM, permanent
pacemaker; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; TEE, transesophageal echocardiography; TEER, transcatheter edge-to-edge repair;

TTE, transthoracic echocardiography; VHD, valvular heart disease; and ViV, valve-in-valve.

Used with permission from Nishimura et al. (12)

for Cardiovascular Angiography and Interventions, the
American Association for Thoracic Surgery, and the STS
(12). Key members of the MDT include cardiologists
with subspecialty expertise in the clinical evaluation of
patients with VHD, as well as specialists in advanced
cardiovascular imaging. For the evaluation of the pa-
tient with secondary mitral regurgitation (MR) and
tricuspid regurgitation (TR), a specialist in HF also is
included. Interventional cardiologists with training
and expertise in VHD and surgeons experienced in the
treatment of VHD anchor the MDT. Other team mem-
bers include cardiovascular nurses, cardiovascular an-
esthesiologists, and intensivists
periprocedural care. Finally, the engagement of the

involved in

primary clinical cardiologist and patient is of critical

importance. The MDT facilitates presentation of all
appropriate options for medical, interventional, and
surgical treatment to the patient in a balanced manner,
using tools and techniques for shared decision-making
in which patient preferences are considered.

. Decision-making is particularly challenging for the

asymptomatic VHD patient, for whom the risks of
operative mortality and perioperative morbidity must
be very low and the chances of a successful and durable
surgical outcome very high. There is a substantial body
of literature to support a relationship between insti-
tutional volume and mortality rate for many cardio-
vascular procedures, including SAVR (1-5), TAVI (6),
and surgical mitral valve repair (7-11). Consideration
should be given to consultation with or referral to a
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Primary or Comprehensive Heart Valve Center for
asymptomatic patients with severe VHD. Although
excellent outcomes certainly can be achieved at lower-
volume centers, assurance of outcomes equivalent to
those of a higher-volume center is statistically more
challenging (12). Similarly, for patients with multiple
comorbidities for whom multispecialty collaboration is
anticipated, care at a Comprehensive or Primary Valve
Center ensures optimal outcomes. Although findings
are mixed (13), there are data to support relationships
between center volume and complication rates in car-
diac surgical care (14), between center volume and
failure to rescue after procedural complications (15-17),
and between center volume and elements of infra-
structure support (18,19).

2.7. Management of Patients With VHD After Valve
Intervention

Interventions in patients with VHD include both trans-
catheter and surgical approaches. A valve intervention
leaves the patient with either a prosthetic valve or a valve
repair, often with an implanted device or other prosthetic
material. Valve intervention does not eliminate valve
disease; it replaces native valve disease with palliated
valve disease. Patients with VHD continue to require pe-
riodic evaluation after intervention for early post-
procedural issues, long-term medical therapy, monitoring
of the prosthetic valve or repair, management of concur-
rent cardiac conditions, and persistent symptoms or
functional limitation. Endocarditis prophylaxis is dis-
cussed in Section 2.4.2; antithrombotic therapy for pros-
thetic valves in Sections 11.2 to 11.5; and prosthetic valve
complications, including valve thrombosis, stenosis, or
regurgitation, in Sections 11.6 to 11.8.

2.7.1. Procedural Complications

The most common complication early after surgical valve
replacement is postoperative AF, which occurs in up to

JACC VOL. 77, NO. 4, 2021
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one-third of patients within 3 months of surgery (see
Sections 2.4.3 and 14.1). Other complications include
stroke, vascular and bleeding complications, pericarditis,
heart block requiring temporary or permanent pacing
(especially after AVR), HF, renal dysfunction, and infec-
tion. Complications after transcatheter interventions
depend on the specific procedure but can include the
need for permanent pacing, paravalvular leak, stroke,
vascular complications, and residual valve dysfunction.

2.7.2. Primary and Secondary Risk Factor Evaluation and
Treatment

Concurrent coronary artery disease (CAD) is common in
adults with VHD. Management of CAD at the time of valve
intervention is discussed in Section 14.2. After valve
intervention, evaluate and treat patients with CAD risk
factors according to current guidelines for primary and
secondary prevention. Although there is no convincing
evidence that treating CAD risk factors will reduce the
likelihood of progressive valve dysfunction after inter-
vention, cardiovascular outcomes are improved overall
because of a reduced rate of coronary events.

2.7.3. Persistent Symptoms After Valve Intervention

Persistent symptoms occur in many patients after valve
intervention. The first step in evaluation is to assess valve
function to ensure symptoms are not caused by persistent or
recurrent stenosis, regurgitation, or a valve complication. The
next step is to evaluate and treat any concurrent cardiac dis-
ease and noncardiac conditions that may be the cause of
symptoms. Symptoms also may be attributable to irreversible
consequences of valve disease, including LV systolic and dia-
stolic dysfunction, pulmonary hypertension, and RV
dysfunction. Treatment of symptoms for these patients is
based on GDMT for HF and/or pulmonary hypertension.

2.7.4. Periodic Imaging After Valve Intervention

Recommendation for Periodic Imaging After Valve Intervention

A TTE is useful after either catheter-based or surgical
intervention to provide a baseline measurement of valve
function and the status of the ventricle. Repeat TTE is
recommended with either new symptoms or a change in
the physical examination. The timing of periodic follow-
up imaging is based on the type of valve intervention.

COR LOE RECOMMENDATION
1. In asymptomatic patients with any type of valve intervention, a baseline postprocedural TTE followed by
Y periodic monitoring with TTE is recommended, depending on type of intervention, length of time after
intervention, ventricular function, and concurrent cardiac conditions.
Synopsis Recommendation-Specific Supportive Text

1. In patients who have had a valve intervention, most
cardiologists continue to see patients for a clinical his-
tory and physical examination at annual intervals, or
more frequently if needed for symptoms or concurrent
conditions. A baseline TTE study is recommended after
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iV.\:18- R PR Timing of Periodic Imaging After Valve Intervention

Imaging Follow-Up*

Valve Intervention Minimal Imaging Frequencyt Location
Mechanical valve (surgical) Baseline Primary Valve Center
Bioprosthetic valve (surgical) Baseline, 5 and 10 y after surgery,+ and then annually Primary Valve Center
Bioprosthetic valve (transcatheter) Baseline and then annually Primary Valve Center

Mitral valve repair (surgical) Baseline, 1y, and then every 2 to 3 y Primary Valve Center

Mitral valve repair (transcatheter) Baseline and then annually Comprehensive Valve Center
Bicuspid aortic valve disease Continued post-AVR monitoring of aortic size if aortic Primary Valve Center

diameter is =4.0 cm at time of AVR, as detailed in Section 5.1

*Initial postprocedural TTE is recommended for all patients, ideally 1 to 3 months after the procedure. Annual clinical follow-up is recommended annually for all patients after valve
intervention at a Primary or Comprehensive Valve Center.

tRepeat imaging is appropriate at shorter follow-up intervals for changing signs or symptoms, during pregnancy, and to monitor residual or concurrent cardiac dysfunction.
$lmaging may be done more frequently in patients with bioprosthetic surgical valves if there are risk factors for early valve degeneration (eg, younger age, renal failure, diabetes).

AVR indicates aortic valve replacement; and TTE, transthoracic echocardiography.

all valve interventions, including replacement with a (see Section 11.1). Additional imaging with CT,
prosthetic valve (see Section 11.1). This baseline post- fluoroscopy CMR, or PET is reserved for patients for
procedural study ideally is performed 1 to 3 months whom there is concern about valve dysfunction
after intervention to ensure loading conditions have (see Section 11.1) or endocarditis (see Section 12.1) (1,2).

returned to normal, but in some cases it may need to be

done during the index hospitalization for the patient’s

convenience. The timing of subsequent periodic imag- 3. AORTIC STENOSIS

ing after valve intervention is based on the type of
valve prosthesis or repair, length of time after valve
intervention, residual valve dysfunction, ventricular =~ Medical and interventional approaches to the manage-
size and systolic function, and any concurrent cardiac ment of patients with valvular AS depend on accurate
conditions (Table 12). TTE is the standard approach diagnosis of the cause and stage of the disease process.
for periodic imaging, supplemented by TEE when Table 13 shows the stages of AS, ranging from patients at
prosthetic mitral valve dysfunction is a concern  Tisk of AS (Stage A) or with progressive hemodynamic

3.1. Stages of Valvular AS

7 \:]8mEJ Stages of AS

Hemodynamic
Stage Definition Valve Anatomy Valve Hemodynamics Consequences Symptoms
A At risk of AS m BAV (or other congenital valve Aortic Vimax <2 m/s with normal None None
anomaly) leaflet motion
B Aortic valve sclerosis
B Progressive AS m Mild to moderate leaflet calcification/ ™ Mild AS: aortic Vimax 2.0-2.9  ® Early LV None
fibrosis of a bicuspid or trileaflet valve m/s or mean AP <20 mm Hg diastolic
with some reduction in systolic motion @ \oderate AS: aortic Vinax dysfunction
@ 3.0-3.9 m/s or mean AP may be
m Rheumatic valve changes with 20-39 mm Hg [PUESERE
commissural fusion m Normal LVEF

C: Asymptomatic severe AS

C1  Asymptomatic severe AS Severe leaflet calcification/fibrosis or B AOrtic Vya =4 m/s or mean  m LV diastolic ™ None
congenital stenosis with severely reduced AP =40 mm Hg dysfunction g

leaflet opening Exercise testing

B AVA typically is =1.0 cm? (or ® Mild LV is reasonable to
AVAi 0.6 cm?/m?) but not hypertrophy confirm symptom
required to define severe AS g Normal LVEF status

B Very severe AS is an aortic
Vimax =5 m/s or mean
P =60 mm Hg

Continued on the next page

e45



e46

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease
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Stage Definition Valve Anatomy
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Hemodynamic
Valve H dy ics C q e

Symptoms

C2  Asymptomatic severe AS with LV Severe leaflet calcification/fibrosis or
systolic dysfunction
leaflet opening

D: Symptomatic severe AS

D1 Symptomatic severe high-
gradient AS

Severe leaflet calcification/fibrosis or

leaflet opening

D2  Symptomatic severe low-flow, Severe leaflet calcification/fibrosis with
low-gradient AS with reduced  severely reduced leaflet motion
LVEF

D3  Symptomatic severe low-gradientSevere leaflet calcification/fibrosis with
AS with normal LVEF or severely reduced leaflet motion
paradoxical low-flow severe
AS

congenital stenosis with severely reduced

congenital stenosis with severely reduced

B Aortic Vimax =4 m/s or mean LVEF <50% None

AP =40 mm Hg

m AVA typically 1.0 cm? (or
AVAi 0.6 cm?/m?) but not
required to define severe AS

B Aortic Vimax =4 m/s or mean m LV diastolic ~®m Exertional dys-
AP =40 mm Hg dysfunction pnea, decreased

B AVA typically 1.0 cm? (or "LV exercise toler-
AVAi =0.6 cm?/m?) but may be  hypertrophy ance, or HF
larger with mixed AS/AR ® Pulmonary Exertional angina

hypertension Exertional syn-
may be cope or
present presyncope

B AVA =1.0 cm? with resting m LV diastolic = HF
aortic Vimax <4 m/s or mean dysfunction

D i " B Angina
<40 mm
) J . LY ® Syncope or
® Dobutamine stress echocardi- hypertrophy presyncope
2
ography shows AVA <1.0 cm* g | vEF <50%
with Vimax =4 m/s at any flow
rate
B AVA =1.0 cm? (indexed ® Increased LV ® HF
AVA =0.6 cm’/m?) with an relative wall @ Apgina
aortic Vimax <4 m/s or mean thickness 0 s
AP <40 mm H yncope or
g = Smalllv presyncope
AND chamber with
. low stroke
m Stroke volume index vellTE
<35 mL/m? .
. . B Restrictive
B Measured when patient is diastolic
normotensive (systolic blood filling

pressure <140 mm Hg)
® LVEF =50%

AR indicates aortic regurgitation; AS, aortic stenosis; AVA, aortic valve area circulation; AVAI, AVA indexed to body surface area; BAV, bicuspid aortic valve; AP, pressure gradient
between the LV and aorta HF, heart failure; LV, left ventricular; LVEF, left ventricular ejection fraction; and Vax, maximum velocity.

obstruction (Stage B) to severe asymptomatic (Stage C)
and symptomatic AS (Stage D). Each stage is defined by
patient symptoms, valve anatomy, valve hemodynamics,
and changes in the LV and vasculature. Hemodynamic
severity is best characterized by the transaortic maximum
velocity (or mean pressure gradient) when the transaortic
volume flow rate is normal. Some patients with AS have a
low transaortic volume flow rate that is either because of
LV systolic dysfunction with a low LVEF or because of a
small, hypertrophied LV with a low stroke volume. Severe
AS with low flow is designated D2 (with a low LVEF) or D3

Recommendations for Diagnostic Testing: Initial Diagnosis of AS

(with a normal LVEF). Meticulous attention to detail is
required during assessment of aortic valve hemody-
namics, either with Doppler echocardiography or cardiac
catheterization, and the inherent variability of the mea-
surements and calculations should always be considered
in clinical decision-making.

3.2. Aortic Stenosis

3.2.1. Diagnosis and Follow-Up
3.2.1.1. Diagnostic Testing: Initial Diagnosis

Referenced studies that support the recommendations are summarized in

COR LOE

RECOMMENDATIONS

1. In patients with signs or symptoms of AS or a BAV, TTE is indicated for accurate diagnosis of the cause of
AS, assessment of hemodynamic severity, measurement of LV size and systolic function, and determi-

nation of prognosis and timing of valve intervention (1,2).

2. In patients with suspected low-flow, low-gradient severe AS with normal LVEF (Stage D3), optimization

catheterization, or CMR (3-7).

of blood pressure control is recommended before measurement of AS severity by TTE, TEE, cardiac
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(Continued)

3. In patients with suspected low-flow, low-gradient severe AS with reduced LVEF (Stage D2), low-dose

22 R dobutamine stress testing with echocardiographic or invasive hemodynamic measurements is reasonable
to further define severity and assess contractile reserve (8-10).
4. In patients with suspected low-flow, low-gradient severe AS with normal or reduced LVEF (Stages D2 and
2 R D3), calculation of the ratio of the outflow tract to aortic velocity is reasonable to further define severity
(1,11-13).
5. In patients with suspected low-flow, low-gradient severe AS with normal or reduced LVEF (Stages D2
22 R and D3), measurement of aortic valve calcium score by CT imaging is reasonable to further define severity
(14-18).
Synopsis minute) under appropriate clinical and hemodynamic

The overall approach to the initial diagnosis of VHD is
discussed in Section 2.3, and additional considerations
specific to patients with AS are addressed here.

Recommendation-Specific Supportive Text

1. In adult patients, physical examination may not be
accurate for diagnosis of and assessment of severity of
AS. Echocardiographic imaging allows reliable evalua-
tion of valve anatomy and motion and the degree of
valve obstruction. In addition, TTE is useful for
measuring LV size and systolic function, identifying
concurrent AR or MR, and estimating pulmonary sys-
tolic pressure (1,2,11,12,19-27).

2. Measurements of AS severity made when the patient is
hypertensive may underestimate or, less often, over-
estimate stenosis severity. Systemic hypertension im-
poses a second pressure load on the LV, in addition to
valve obstruction, which results in a lower forward
stroke volume and lower transaortic pressure gradient
than when the patient is normotensive. Thus, Doppler
velocity data and invasive pressure measurements
ideally are recorded when the patient is normotensive.
If results indicate only moderate stenosis but were
recorded when the patient was hypertensive, repeat
measurements when the blood pressure is better
controlled ensure that a diagnosis of severe AS is not
missed.

3. Patients with severe AS and LVEF <50% present with
an aortic valve area <1.0 cm? but a low transvalvular
velocity and pressure gradient (ie, velocity <4 m/s or
mean gradient <40 mm Hg) at rest. In these patients,
severe AS with LV systolic dysfunction attributable to
afterload mismatch must be distinguished from pri-
mary myocardial dysfunction with only moderate AS.
Dobutamine stress echocardiography may be useful
with measurement of aortic velocity (or mean pressure
gradient) and valve area at baseline and at higher flow
rates (maximum dose dobutamine 20 mcg/kg per

monitoring. Severe AS is characterized by a fixed valve
area, resulting in an increase in transaortic velocity
to =4 m/s (mean gradient =40 mm Hg) at any flow rate,
but with valve area remaining <1.0 cm?. In contrast, in
patients with moderate AS and primary LV dysfunc-
tion, there is an increase in valve area as volume flow
rate increases, resulting in only a modest increase in
transaortic velocity or gradient. Some patients fail to
show an increase in stroke volume =20% with dobut-
amine, referred to as “lack of contractile reserve” or
“lack of flow reserve (8,9,19,28-32).”

. The key measurements for clinical decision-making in

patients with AS are the maximum aortic velocity,
mean pressure gradient (calculated with the Bernoulli
equation), and valve area (calculated with the conti-
nuity equation). An additional measurement that may
be useful when there are discrepancies in these mea-
sures or in other clinical or imaging data is the ratio of
the velocity in the LV outflow tract proximal to the
aortic valve and the velocity in the narrowed aortic
orifice. The outflow tract-to-aortic velocity ratio is in-
dependent of body size and eliminates potential errors
in calculated valve area related to measurement of LV
outflow tract diameter or area. A normal ratio is close
to 1.0, whereas a ratio of =0.25 corresponds to a valve
area 25% of normal for that patient, which is consistent
with severe AS and is a predictor of symptom onset and
adverse outcomes (12,13,21,22,23).

. The degree of aortic valve calcification is a strong

predictor of clinical outcome, even when evaluated
qualitatively by echocardiography (33). Quantitation of
aortic valve calcium by CT imaging is especially useful
in patients with low-flow, low-gradient AS of unclear
severity with either a normal or reduced LVEF. Sex-
specific Agaston unit thresholds for diagnosis of se-
vere AS are 1300 in women and 2000 in men. These
different thresholds reflect the contribution of leaflet
fibrosis, in addition to calcification, to increased leaflet
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stiffness in women. CT imaging also is used for pro-
cedural planning in patients undergoing TAVI, for
measurement of annulus area, leaflet length, and the
annular-to-coronary ostial distance (14-18).

3.2.1.2. Diagnostic Testing: Changing Signs or Symptoms

In patients with known valvular AS, repeat TTE is prudent
when physical examination shows an increase in the
loudness of the murmur, the murmur peaks later in systole,
the A2 component of the second heart sound is diminished
or absent, or symptoms occur that might be attributable to
AS. Repeat TTE is also appropriate in patients with AS who
are exposed to increased hemodynamic demands, either
electively, such as with noncardiac surgery or pregnancy,
or acutely, such as with a systemic infection, anemia, or
gastrointestinal bleeding. In these clinical settings,
knowledge of the severity of valve obstruction and LV
function is critical for optimizing loading conditions and
maintaining a normal cardiac output.

3.2.1.3. Diagnostic Testing: Routine Follow-Up

Timing of periodic clinical evaluation of asymptomatic
patients with severe AS depends on comorbidities and
patient-specific factors, as well as AS severity (Table 4).
When severe AS is present (aortic velocity =4.0 m/s), the
rate of progression to symptoms is high, with an event-
free survival rate of only 30% to 50% at 2 years. In pa-
tients with asymptomatic severe AS, periodic monitoring
is needed because symptom onset is insidious and may
not be recognized by the patient. With moderate AS
(aortic velocity 3.0-3.9 m/s), the average annual rate of
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progression is an increase in velocity of 0.3 m/s, increase
in mean pressure gradient of 7 mmHg, and decrease in
valve area of 0.1 cm? There is marked individual vari-
ability, with more rapid progression in older patients and
in patients with more severe leaflet calcification. In pa-
tients with aortic sclerosis, defined as focal areas of valve
calcification and leaflet thickening with an aortic
velocity <2.0 m/s, progression to severe AS occurs in
about 10% of patients within 5 years. Patients with BAV
disease are also at risk of progressive valve stenosis, with
AS being the most common reason for intervention in
patients with a BAV (Section 5.1.1) (1-13).

3.2.1.4. Diagnostic Testing: Cardiac Catheterization

Diagnostic TTE and Doppler data can be obtained in
nearly all patients, but severity of AS may be under-
estimated if image quality is poor or if a parallel intercept
angle is not obtained between the ultrasound beam and
aortic jet. When data from noninvasive testing are non-
diagnostic or if there is a discrepancy between clinical and
echocardiographic evaluation, cardiac catheterization for
determination of severity of AS can be helpful. Trans-
aortic pressure gradient recordings allow measurement of
the mean transaortic gradient via simultaneous LV and
aortic pressure measurements. Aortic valve area is
calculated with the Gorlin formula by using a Fick or
thermodilution cardiac output measurement. See Section
14.1 for recommendations on coronary angiography in
patients with AS (1,2).

3.2.1.5. Diagnostic Testing: Exercise Testing

Recommendations for Diagnostic Testing: Exercise Testing in Patients With AS

Referenced studies that support the recommendations are summarized in

RECOMMENDATIONS

1. In asymptomatic patients with severe AS (Stage C1), exercise testing is reasonable to assess physiological
changes with exercise and to confirm the absence of symptoms (1-4).

namic compromise. (5)

2. In symptomatic patients with severe AS (Stage D1, aortic velocity 24.0 m/s or mean pressure
gradient 240 mm Hg), exercise testing should not be performed because of the risk of severe hemody-

Synopsis

In a subset of asymptomatic patients with severe AS,
exercise testing can provide additional diagnostic and
prognostic information, but it should not be performed in
symptomatic patients with severe AS.

Recommendation-Specific Supportive Text

1. When performed under the direct supervision of an
experienced clinician, with close monitoring of blood
pressure and ECG, exercise testing in asymptomatic
patients is relatively safe and may provide information

that is not evident during the initial clinical evaluation,
particularly when the patient’s functional capacity is
unclear. Patients with symptoms provoked by exercise
testing should be considered symptomatic, even if the
clinical history is equivocal. Although it can be chal-
lenging to separate normal exercise limitations from
abnormal symptoms that are attributable to AS, partic-
ularly in elderly sedentary patients, exercise-induced
angina, excessive dyspnea early in exercise, dizziness,
and syncope are consistent with symptoms of AS. Ex-
ercise testing can also identify a limited exercise
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capacity or an abnormal blood pressure response.
Recording aortic valve hemodynamics with exercise is
of limited value and does not show additive value for
predicting clinical outcome when baseline measures of
hemodynamic severity and functional status are
considered. In addition, recording hemodynamics with
exercise is challenging, and simpler parameters are
adequate in most patients (2-4,6-11).

2. As reported in several prospective and retrospective
studies, the risk of exercise testing is low in asymp-
tomatic patients with AS. However, exercise testing is
avoided in symptomatic patients with AS because of a
high risk of complications, including syncope,

Recommendations for Medical Therapy of AS
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ventricular tachycardia, and death. In a prospective
survey of 20 medical centers in Sweden that included
50000 exercise tests done over an 18-month period,
the complication rate was 18.4 per 10000 tests;
morbidity rate, 5.2 per 10 000 tests; and mortality rate,
0.4 per 10000 tests. Although the number of patients
with AS was not reported, 12 of the 92 complications
occurred in patients with AS: 8 had a decline in blood
pressure during exercise, 1 had asystole, and 3 had
ventricular tachycardia (2,4,5,7-10,12).

3.2.2. Medical Therapy

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

e49

1. In patients at risk of developing AS (Stage A) and in patients with asymptomatic AS (Stages B and C),
hypertension should be treated according to standard GDMT, started at a low dose, and gradually titrated
upward as needed, with appropriate clinical monitoring (1-3).

atherosclerosis on the basis of standard risk scores (4-6).

3. In patients who have undergone TAVI, renin-angiotensin system blocker therapy (ACE inhibitor or ARB)

- 2. In all patients with calcific AS, statin therapy is indicated for primary and secondary prevention of

may be considered to reduce the long-term risk of all-cause mortality (7,8).

4. In patients with calcific AS (Stages B and C), statin therapy is not indicated for prevention of hemody-
namic progression of AS (4-6).

Synopsis

Medical treatment of hypertension and hyperlipidemia
according to GDMT is appropriate for patients with AS.
ACE inhibitor or ARB treatment may reduce the mortality
rate in patients with AS who underwent TAVI.

Recommendation-Specific Supportive Text

1. Hypertension is common in patients with AS, may be a
risk factor for AS, and adds to the total pressure overload
on the LV in combination with valve obstruction.
Concern that antihypertensive medications might result
in a decrease in cardiac output has not been corrobo-
rated in studies of medical therapy, including 2 small
RCTs, likely because AS does not result in “fixed” valve
obstruction until late in the disease process. In 1616
patients with asymptomatic AS in the SEAS (Simvastatin
Ezetimibe in Aortic Stenosis) study, hypertension
(n=1340) was associated with a 56% higher rate of
ischemic cardiovascular events and a 2-fold higher
mortality rate (both P<0.01) than those seen in normo-
tensive patients with AS, although no impact on

progression of valve stenosis leading to symptoms
requiring AVR was seen. Medical therapy for hyperten-
sion follows standard guidelines, starting at a low dose
and gradually titrating upward as needed to achieve
blood pressure control. There are no studies addressing
specific antihypertensive medications in patients with
AS, but diuretics may reduce stroke volume, particularly
if the LV chamber is small at baseline. In theory, ACE
inhibitors may be advantageous because of the potential
beneficial effects on LV fibrosis, in addition to control of
hypertension. Consideration should be given to a higher
target blood pressure for patients with AS than is rec-
ommended for the general population, but this is an
underexplored area, and further data are needed before
a different target blood pressure can be recommended
for patients with AS (1-3,9-13).

. Concurrent CAD is common in patients with AS, and all

patients should be screened and treated for hypercho-
lesterolemia, with GDMT used for primary and sec-
ondary prevention of CAD. In RCTs of statin therapy for
mild to moderate AS, although aortic valve event rates
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were not reduced, the rate of ischemic events was
reduced by about 20% in the statin therapy group even
though these patients did not meet standard criteria
for statin therapy (4-6,14,15).

. In patients undergoing TAVI, observational and regis-

try data show that those who were treated with renin-
angiotensin system blocker therapy after the proced-
ure had a lower 1-year mortality rate than those not
treated with renin-angiotensin system blocker ther-
apy, with a relative risk reduction of about 20% to 50%
and an absolute risk reduction between 2.4% and 5.0%.
When stratified by LVEF, having a prescription for a
renin-angiotensin system inhibitor, versus no pre-
scription, was associated with a lower 1-year mortality

Recommendations for Timing of Intervention of AS

Referenced studies that support the recommendations are summarized in

COR

RECOMMENDATIONS
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rate among patients with preserved LVEF but not
among those with reduced LVEF (7,8,16,17).

. Despite experimental models and retrospective clinical

studies suggesting that lipid-lowering therapy with a
statin might prevent disease progression of calcific AS,
3 large well-designed RCTs failed to show a benefit,
either in terms of changes in hemodynamic severity or
in clinical outcomes, in patients with mild to moderate
valve obstruction. Thus, at the time of publication,
there are no data to support the use of statins for
prevention of progression of AS (7,8,16,17).

3.2.3. Timing of Intervention

1. In adults with severe high-gradient AS (Stage D1) and symptoms of exertional dyspnea, HF, angina,
syncope, or presyncope by history or on exercise testing, AVR is indicated (1-7).

2. In asymptomatic patients with severe AS and an LVEF <50% (Stage C2), AVR is indicated (8-11).

dications, AVR is indicated (12-16).

3. In asymptomatic patients with severe AS (Stage C1) who are undergoing cardiac surgery for other in-

recommended (17-24).

4. In symptomatic patients with low-flow, low-gradient severe AS with reduced LVEF (Stage D2), AVR is

. In symptomatic patients with low-flow, low-gradient severe AS with normal LVEF (Stage D3), AVR is
recommended if AS is the most likely cause of symptoms (25-27).

2a

6. In apparently asymptomatic patients with severe AS (Stage C1) and low surgical risk, AVR is reasonable
when an exercise test demonstrates decreased exercise tolerance (normalized for age and sex) or a fall in
systolic blood pressure of 210 mm Hg from baseline to peak exercise (13,28-30).

2a

risk, AVR is reasonable (15,31-35).

7. In asymptomatic patients with very severe AS (defined as an aortic velocity of 25 m/s) and low surgical

2a

8. In apparently asymptomatic patients with severe AS (Stage C1) and low surgical risk, AVR is reasonable
when the serum B-type natriuretic peptide (BNP) level is >3 times normal (32,36-38).

2a

9. In asymptomatic patients with high-gradient severe AS (Stage C1) and low surgical risk, AVR is reasonable
when serial testing shows an increase in aortic velocity 20.3 m/s per year (39,40).

2b

-
m
Ul

10. In asymptomatic patients with severe high-gradient AS (Stage C1) and a progressive decrease in LVEF on
at least 3 serial imaging studies to <60%, AVR may be considered (8-11,33).

2b

11. In patients with moderate AS (Stage B) who are undergoing cardiac surgery for other indications, AVR

GED may be considered.
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Synopsis

See the table of recommendations for a summary of
recommendations from this section and Figure 2 for in-
dications for AVR in patients with AS. These recommen-
dations for timing of intervention for AS apply to both
SAVR and TAVI. The integrative approach to assessing
risk of SAVR or TAVI is discussed in Section 2.5. The
specific type of intervention for AS is discussed in Section
3.2.4.

Recommendation-Specific Supportive Text

1. In symptomatic patients with severe high-gradient AS
(Stage D1), ample evidence demonstrates the benefi-
cial effects of AVR on survival, symptoms, and LV
systolic function (35,41-46). The most common initial
symptom of AS is exertional dyspnea or decreased
exercise tolerance. Clinical vigilance is needed to
recognize these early symptoms and proceed
promptly to AVR. More severe “classical” symptoms
of AS, including HF, syncope, or angina, can be avoi-
ded by appropriate treatment at the onset of even
mild symptoms. Outcomes after surgical or trans-
catheter AVR are excellent in patients who do not
have a high procedural risk (41,43-45). Surgical series
demonstrate improved symptoms after AVR, and most
patients have an improvement in exercise tolerance,
as documented in studies with pre- and post-AVR
exercise stress testing (41,43-46). Historical observa-
tion studies on outcomes in symptomatic patients
with severe AS have been confirmed in RCTs
comparing TAVI with palliative care in patients with a
prohibitive surgical risk. The choice of surgical versus
transcatheter AVR for patients with an indication for
AVR is discussed in Section 3.2.4. (1-3,5,6,12-
16,35,42,47-55)

2. In asymptomatic patients with severe AS and normal
LV systolic function, the survival rate during the
asymptomatic phase is similar to that of age-matched
controls, with a low risk of sudden death (<1% per
year) when patients are followed prospectively and
when patients promptly report symptom onset.
However, in patients with a low LVEF and severe AS,
survival is better in those who undergo AVR than in
those treated medically. The depressed LVEF in
many patients is caused by excessive afterload
(afterload mismatch), and LV function improves after
AVR in such patients. If LV dysfunction is not caused
by afterload mismatch, survival is still improved,
likely because of the reduced afterload with AVR,
but improvement in LV function and resolution
of symptoms might not be complete after AVR
(17,23,24,56-62).

3. Prospective clinical studies demonstrate that disease
progression occurs in nearly all patients with severe
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asymptomatic AS. Symptom onset within 2 to 5 years
is likely when aortic velocity is =4.0 m/s or mean
pressure gradient is =40 mm Hg. The additive risk of
AVR at the time of other cardiac surgery is less than
the risk of reoperation within 5 years (12-16,63-65).

. Mean pressure gradient is a strong predictor of

outcome after AVR, with better outcomes seen in pa-
tients with higher gradients. Outcomes are poor with
severe low-gradient AS but are still better with AVR
than with medical therapy in those with a low LVEF,
particularly when contractile reserve is present. The
document “Echocardiographic Assessment of Valve
Stenosis: EAE/ASE Recommendations for Clinical
Practice” defines severe AS on dobutamine stress
testing as a maximum velocity >4.0 m/s with a valve
area =1.0 cm? at any point during the test protocol,
with a maximum dobutamine dose of 20 mcg/kg per
minute (66). The recommendation for AVR in these
patients is based on outcome data in several pro-
spective nonrandomized studies. LVEF typically in-
creases by 10 LVEF units and may return to normal if
afterload mismatch was the cause of LV systolic
dysfunction. If dobutamine stress testing indicates
moderate, not severe AS, GDMT for HF can be
continued without AVR. Patients without contractile
reserve may also benefit from AVR, but decisions in
these high-risk patients must be individualized
because outcomes are poor with either surgical or
medical therapy. The role of TAVI in these patients is
currently under investigation (17,22-24,59,60,67).

. A subset of patients with severe AS presents with

symptoms and with a low velocity, low gradient, and
low stroke volume index, despite a normal LVEF. Low-
flow, low-gradient severe AS with preserved LVEF
should be considered in patients with a severely
calcified aortic valve, an aortic velocity <4.0 m/s
(mean pressure gradient <40 mmHg), and a valve
area =1.0 cm?® when stroke volume index is <35 mL/m?.
Typically, the LV is small, with thick walls, diastolic
dysfunction, and a normal LVEF (=50%). The first
diagnostic step is to ensure that data were recorded
and measured correctly. If hypertension is present,
blood pressure is controlled before reevaluation of AS
severity. Next, valve area is indexed to body size
because an apparent small valve area may be only
moderate AS in a small patient; an aortic valve area
index =0.6 cm?/m? suggests severe AS. Transaortic
stroke volume is calculated by Doppler or 2D imaging.
Measurement of a CT calcium score often is helpful.
Evaluation for other potential causes of symptoms
ensures that symptoms are most likely attributable to
valve obstruction. Although the survival rate after
TAVIis lower in patients with low-flow severe AS than
in patients with normal-flow severe AS, AVR appears
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FIGURE 2 Timing of intervention for AS
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Colors correspond to Table 2. Arrows show the decision pathways that result in a recommendation for AVR. Periodic monitoring is indicated for all patients in whom
AVR is not yet indicated, including those with asymptomatic (Stage C) and symptomatic (Stage D) AS and those with low-gradient AS (Stage D2 or D3) who do not meet
the criteria for intervention. See Section 3.2.4 for choice of valve type (mechanical versus bioprosthetic [TAVI or SAVR]) when AVR is indicated. AS indicates aortic
stenosis; AVA, aortic valve area; AVAI, aortic valve area index; AVR, aortic valve replacement; BNP, B-type natriuretic peptide; BP, blood pressure; DSE, dobutamine
stress echocardiography ETT, exercise treadmill test; LVEF, left ventricular ejection fraction; APpean, mean systolic pressure gradient between LV and aorta; SAVR,
surgical aortic valve replacement; SVI, stroke volume index; TAVI, transcatheter aortic valve implantation; TAVR, transcatheter aortic valve replacement; and Vay,

maximum velocity.

beneficial, with an increase in stroke volume and
improved survival as compared with medical therapy
(18,25-27,54,68-76).

. Exercise testing may be helpful in clarifying symptom

status in patients with severe AS. When symptoms are
provoked by exercise testing, the patient is consid-
ered symptomatic and meets a COR 1 recommenda-
tion for AVR; symptoms are symptoms, whether
reported spontaneously by the patient or provoked on
exercise testing. The rate of symptom onset within 1
to 2 years is high (about 60% to 80%) in patients
without overt symptoms who demonstrate 1) a fall
of =10 mm Hg in systolic blood pressure from baseline
to peak exercise or 2) a significant decrease in exercise
tolerance as compared with age and sex normal

standards. Management of patients with a lack of
appropriate rise in BP with exercise is less clear. De-
cisions about elective AVR in these patients include
consideration of surgical risk, patient preferences,
and clinical factors, such as age and comorbid condi-
tions (13,28,77-82).

. In patients with very severe AS and an aortic

velocity =5.0 m/s or mean pressure gradient =60
mm Hg, the rate of symptom onset is approximately
50% at 2 years. On multivariable analysis of a large
cohort of adults with asymptomatic AS (>500 pa-
tients), an aortic velocity =5 m/s was associated with a
>6-fold increased risk of cardiovascular mortality
(hazard ratio [HR]: 6.31; 95% CI: 2.61-15.9) (33). A
trial of SAVR continued

randomized versus
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10.

surveillance showed a significant survival benefit to
early surgery in patients with aortic velocity =4.5 m/s
(31). In patients very severe asymptomatic AS and low
surgical risk, a decision to proceed with AVR or
continue watchful waiting takes into account patient
age, avoidance of patient-prosthesis mismatch, anti-
coagulation issues, and patient preferences (31-33,39).

. An elevated serum BNP level is a marker of subclinical

HF and LV decompensation. In a cohort of 387
asymptomatic adults with severe AS, elevated BNP
levels were associated with an increased 5-year risk of
AS-related events, with a hazard ratio for a BNP level
>300 pg/mL (3 times normal) of 7.38 (CI: 3.21 to 16.9)
(32). Serum BNP levels also are predictive of symptom
onset during follow-up and persistent symptoms after
AVR (36).

. Hemodynamic progression eventually leading to

symptom onset occurs in nearly all asymptomatic
patients with AS once the aortic velocity reaches =2
m/s. Although the average rate of hemodynamic pro-
gression for calcific stenosis of a trileaflet valve is an
increase in aortic velocity of about 0.3 m/s per year, an
increase in mean gradient of 7 to 8 mm Hg per year,
and a decrease in valve area of 0.15 cm? per year, there
is marked variability between patients in disease
progression. Predictors of rapid disease progression
include older age, more severe valve calcification, and
a faster rate of hemodynamic progression on serial
studies. In patients with an aortic velocity >4 m/s in
addition to predictors of rapid disease progression,
symptom onset is likely in the near future, so there is
less benefit to waiting for symptom onset. Thus,
elective AVR may be considered if the surgical risk is
low and after consideration of other clinical factors
and patient preferences.

In adults with initially asymptomatic severe AS, the
rate of sudden deathislow (<1% per year). However, an
aortic velocity =5 m/s or an LVEF <60% each is asso-
ciated with higher all-cause and cardiovascular mor-
tality rates in the absence of AVR (31). A multivariate

11.
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analysis of predictors of death in a large cohort (>500
patients) showed a >4-fold higher risk of cardiovas-
cular death for those with an LVEF <60% than for those
with a higher LVEF (HR: 4.47; 95% CI: 2.06 t0 9.70) (33).
A progressive decrease in LVEF is most likely in those
with an LVEF <60% before AS becomes severe (8,9,11).
Evaluation for other causes of a decline in LVEF is
appropriate, particularly when AS is not yet severe, but
a progressive decline in LV systolic function is of
concern and should prompt more frequent evaluation;
and consideration of AVR when repeat studies show a
progressive decline in LVEF without other cause with a
lack of response to medical therapy. The presence of at
least 3 serial imaging studies showing a consistent
decline in LVEF ensures that the changes seen are not
simply attributable to recording, measurement, or
physiological variability (8-11).

Hemodynamic progression eventually leading to symp-
tom onset occurs in nearly all asymptomatic patients with
AS. The survival rate during the asymptomatic phase is
similar to age-matched controls, with a low risk of sudden
death (<1% per year) when patients are followed pro-
spectively and when patients promptly report symptom
onset. The rate of symptom onset is strongly dependent
on the severity of AS, with an event-free survival rate of
about 75% to 80% at 2 years in those with a jet
velocity <3.0 m/s, compared with only 30% to 50% in
those with a jet velocity =4.0 m/s. Patients with asymp-
tomatic AS require periodic monitoring for development
of symptoms and progressive disease (Section 3.1). In pa-
tients with moderate calcific AS undergoing cardiac sur-
gery for other indications, the risk of progressive VHD is
balanced against the risk of repeat surgery or TAVI
(Sections 4.3.3 and 10). This decision must be individual-
ized on the basis of the specific operative risk in each pa-
tient, clinical factors such as age and comorbid conditions,
valve durability, and patient preferences (13,49,62-64).

3.2.4. Choice of Intervention
3.2.4.1. Choice of Mechanical Versus Bioprosthetic AVR

Recommendations for Choice of Mechanical Versus Bioprosthetic AVR

Referenced studies that support the recommendations are summarized in
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COR LOE RECOMMENDATIONS
1. In patients with an indication for AVR, the choice of prosthetic valve should be based on a shared
U Y decision-making process that accounts for the patient’s values and preferences and includes discussion of
the indications for and risks of anticoagulant therapy and the potential need for and risks associated with
valve reintervention.
2. For patients of any age requiring AVR for whom VKA anticoagulant therapy is contraindicated, cannot be
1 C-EO

managed appropriately, or is not desired, a bioprosthetic AVR is recommended.
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2a

3. For patients <50 years of age who do not have a contraindication to anticoagulation and require AVR, it is
reasonable to choose a mechanical aortic prosthesis over a bioprosthetic valve. (1)

2a

4. For patients 50 to 65 years of age who require AVR and who do not have a contraindication to anti-
coagulation, it is reasonable to individualize the choice of either a mechanical or bioprosthetic AVR with
consideration of individual patient factors and after informed shared decision-making. (1-10)

2a

valve. (1)

5. In patients >65 years of age who require AVR, it is reasonable to choose a bioprosthesis over a mechanical

2b

Valve Center (11-13).

6. In patients <50 years of age who prefer a bioprosthetic AVR and have appropriate anatomy, replacement
of the aortic valve by a pulmonic autograft (the Ross procedure) may be considered at a Comprehensive

Synopsis

Shared decision-making about the choice of prosthetic
valve type is influenced by several factors, including pa-
tient age, values, and preferences; expected bioprosthetic
durability, avoidance of patient-prosthesis
mismatch, and the potential need for and timing of rein-
tervention; and the risks associated with long-term VKA
anticoagulation with a mechanical valve replacement.

valve

Despite the significantly higher rate of bioprosthetic
structural valve deterioration observed in younger versus
older patients (7-11,14,15), many patients choose to avoid
a mechanical prosthesis because they are unwilling to
consider long-term VKA therapy because of the inconve-
nience of monitoring, dietary restrictions, medication
interactions, and the need to restrict participation in
some types of athletic activity. A mechanical valve might
be a prudent choice for patients for whom a second sur-
gical procedure would involve very high risk (eg, those
with prior radiation exposure). The availability of TAVI
has changed the dynamics of the discussion of the trade-
offs between mechanical and bioprosthetic valves in
younger patients (16-19) (Table 22).

Recommendation-Specific Supportive Text

1. The choice of valve prosthesis in each patient is based
on consideration of several factors, including valve
durability, expected hemodynamics for valve type and
size, surgical or interventional risk, the potential need
for long-term anticoagulation, and patient values and
preferences. The trade-off between the risk of rein-
tervention for bioprosthetic valve deterioration and
the risk of long-term anticoagulation should be dis-
cussed. Some patients prefer to avoid repeat surgery
and are willing to accept the risks and inconvenience of
lifelong anticoagulant therapy. Other patients are un-
willing to consider long-term anticoagulation because
of the inconvenience of monitoring, the attendant

dietary and medication interactions, and the need to
restrict participation in some types of physical activity.
The incidence of structural deterioration of a bio-
prosthesis is greater in younger patients, but the risk of
bleeding from anticoagulation is higher in older pa-
tients. In patients with shortened longevity and/or
multiple comorbidities, a bioprosthesis might be more
appropriate. In women who desire subsequent preg-
nancy, the issue of anticoagulation during pregnancy is
an additional consideration (see pregnancy-related is-
sues in Section 13.5) (20,21).

. Anticoagulant therapy with VKA is necessary in all

patients with a mechanical valve to prevent valve
thrombosis and thromboembolic events. If anti-
coagulation is contraindicated or if the patient refuses
VKA therapy, an alternative valve choice is appro-
priate. Newer anticoagulant agents have not been
shown to be safe or effective in patients with me-
chanical heart valves.

. Patients <50 years of age at the time of AVR incur a

higher and earlier risk of bioprosthetic valve deterio-
ration (4,10,14,22-24). Overall, the predicted 15-year
risk of needing reoperation because of structural
deterioration is 22% for patients 50 years of age, 30%
for patients 40 years of age, and 50% for patients 20
years of age, although it is recognized that all bio-
prostheses are not alike in terms of durability (14).
Anticoagulation with a VKA can be accomplished with
acceptable risk in most patients <50 years of age,
particularly in compliant patients with appropriate
monitoring of INR levels. Thus, the balance between
valve durability and risk of bleeding and thromboem-
bolic events favors the choice of a mechanical valve in
patients <50 years of age, unless anticoagulation is not
desired, cannot be monitored, or is contraindicated.

. Uncertainty and debate continue about which type of

AVR is appropriate for patients 50 to 65 years of age.
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Newer surgical bioprosthetic valves may show greater
freedom from structural deterioration, specifically in
the older individual, although a high late mortality rate
in these studies may preclude recognition of valve
dysfunction (14-19). The risks of bleeding and throm-
boembolism with mechanical prostheses are low,
especially in compliant patients with appropriate INR
monitoring. Several studies have shown a survival
advantage with a mechanical prosthesis in this age
group. Alternatively, large retrospective observational
studies have shown similar long-term survival rates in
patients 50 to 69 years of age undergoing mechanical
versus bioprosthetic valve replacement (22-24). In
general, patients with mechanical valves experience a
higher risk of bleeding caused by anticoagulation,
whereas individuals who receive bioprosthetic valves
experience a higher rate of reoperation because of
structural deterioration of the prosthesis, as well as
perhaps a decrease in survival rate (6,25-27). There are
several other factors to consider in the choice of type of
valve prosthesis (see Section 11.1). Ultimately, the
choice of mechanical versus bioprosthetic valve
replacement for all patients, but especially for those
between 50 and 65 years of age, is a shared decision-
making process that must account for the trade-offs
between durability (and the need for reintervention),
bleeding, and thromboembolism (1).

. In patients >65 years of age at the time of bioprosthetic
AVR, the likelihood of primary structural deterioration
at 15 to 20 years is only about 10% (28-31). In addition,
older patients are at higher risk of bleeding complica-
tions related to VKA therapy and more often require
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interruption of VKA therapy for noncardiac surgical
and interventional procedures. It is reasonable to use a
bioprosthetic valve in patients >65 years of age to
avoid the risks of anticoagulation because the dura-
bility of the valve exceeds the expected years of life.

. Replacement of the aortic valve with a pulmonary

autograft (the Ross procedure) is a complex operation
involving replacement of the aortic valve by the pa-
tient’s own pulmonic valve, along with placement of a
pulmonic valve homograft. The Ross procedure allows
the patient to avoid a prosthetic heart valve and the
risks of anticoagulation and it provides excellent valve
hemodynamics. However, both the pulmonic homo-
graft in the pulmonic position and the pulmonary
autograft (the neoaortic valve) are at risk of valve
degeneration. The failure of the Ross procedure is most
often attributable to regurgitation of the neoaortic
valve in the second decade after the operation. In
addition, at least half of pulmonic homograft valves
require reintervention within 10 to 20 years. Calcifica-
tion of the homograft and adhesions between the ho-
mograft and neoaorta may increase the difficulty of
reoperation. The Ross procedure typically is reserved
for younger patients with appropriate anatomy and
tissue characteristics for whom anticoagulation is
either contraindicated or undesirable, and it is per-
formed only at Comprehensive Valve Centers by sur-
geons experienced in this procedure (11-13,32).

3.2.4.2. Choice of SAVR Versus TAVI for Patients for Whom a

Bioprosthetic AVR Is Appropriate
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Recommendations for Choice of SAVR Versus TAVI for Patients for Whom a Bioprosthetic AVR Is Appropriate

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. For symptomatic and asymptomatic patients with severe AS and any indication for AVR who are <65 years
of age or have a life expectancy >20 years, SAVR is recommended (1-3).

2. For symptomatic patients with severe AS who are 65 to 80 years of age and have no anatomic contra-
indication to transfemoral TAVI, either SAVR or transfemoral TAVI is recommended after shared decision-
making about the balance between expected patient longevity and valve durability (1,4-8).

. For symptomatic patients with severe AS who are >80 years of age or for younger patients with a life
expectancy <10 years and no anatomic contraindication to transfemoral TAVI, transfemoral TAVI is
recommended in preference to SAVR (1,4-10).

4. In asymptomatic patients with severe AS and an LVEF <50% who are <80 years of age and have no
anatomic contraindication to transfemoral TAVI, the decision between TAVI and SAVR should follow the
same recommendations as for symptomatic patients in Recommendations 1, 2, and 3 above (1,2,4-10).

5. For asymptomatic patients with severe AS and an abnormal exercise test, very severe AS, rapid pro-
gression, or an elevated BNP (COR 2a indications for AVR), SAVR is recommended in preference to TAVI
(1-3,11).

—
w
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6. For patients with an indication for AVR for whom a bioprosthetic valve is preferred but valve or vascular
anatomy or other factors are not suitable for transfemoral TAVI, SAVR is recommended (1-3,11).

. For symptomatic patients of any age with severe AS and a high or prohibitive surgical risk, TAVI is rec-
ommended if predicted post-TAVI survival is >12 months with an acceptable quality of life (12,13,14,15).

8. For symptomatic patients with severe AS for whom predicted post-TAVI or post-SAVR survival is <12

U Gy months or for whom minimal improvement in quality of life is expected, palliative care is recommended
after shared decision-making, including discussion of patient preferences and values.
9. In critically ill patients with severe AS, percutaneous aortic balloon dilation may be considered as a bridge
2 CEC to SAVR or TAVI.
Synopsis Recommendation-Specific Supportive Text

In patients considering a bioprosthetic AVR, the next
step is the choice between SAVR and TAVI. In patients
with a high or prohibitive risk for SAVR (see Section 2.5),
decision-making focuses on TAVI versus palliative care.
When surgical risk is not high or prohibitive, procedure-
specific impediments are assessed (Figure 3). When both
SAVR and TAVI are options, a prime consideration is the
limited data about TAVI durability. SAVR has been used
for more than 50 years, with ample durability data avail-
able for specific valve types across different age groups.
Currently, robust durability data for TAVI extend to only
about 5 years. SAVR valve deterioration typically occurs
after >10 years, so longer-term TAVI durability data are
needed. A key factor in decision-making is the ratio of
patient life expectancy to known valve durability, with
patient age often used as a surrogate for life expectancy.
For a woman in the United States, the average additional
expected years of life are 25 at age 60 years, 17 at age 70
years, and 10 at age 80 years. For a man, expected addi-
tional years of life are 22 at age 60 years, 14 at age 70
years, and 8 at age 80 years. The age breakpoints shown
in these recommendations reflect these statistical aver-
ages and serve as the starting point for shared decision-
making, not as absolute values for chronological age.
Some younger patients with comorbid conditions have a
limited life expectancy, whereas some older patients have
a longer-than-average life expectancy. Decision-making
should be individualized on the basis of patient-specific
factors that affect longevity or quality of life, such as co-
morbid cardiac and noncardiac conditions, frailty, de-
mentia, and other factors. In addition, the choice of
implantation approach is based on a shared decision-
making process that accounts for the patient’s values
and preferences and includes discussion of the in-
dications for and against each approach and the potential
need for and risks associated with valve reintervention
(16-19).

1. SAVR has demonstrated excellent durability and out-
comes for both mechanical and bioprosthetic valves.
Earlier RCTs comparing SAVR and TAVI in patients
with a higher surgical risk included only older patients,
with a mean age in the mid-80s. More recent RCTs that
included patients at low to intermediate surgical risk
had a mean age in the mid-70s, but there were very few
patients <65 years of age, so the evidence base cannot
be extrapolated to these patients. In addition, valve
durability is of higher priority in younger patients, who
typically have a longer life expectancy and lower sur-
gical risk. As longer-term data on TAVI valve durability
become available, the age range for recommending
TAVI may shift, but at this time the most prudent
course, based on the published evidence, is to recom-
mend SAVR for adults <65 years of age unless life ex-
pectancy is limited by comorbid cardiac or noncardiac
conditions. The final choice of implantation approach
is based on a shared decision-making process that ac-
counts for the patient’s values and preferences and
includes discussion of the indications for and against
each approach and the potential need for and risks
associated with valve reintervention. There are no data
for the use of TAVI in patients <65 years of age (21).

2. Both SAVR and TAVI are effective approaches to AVR in
adults 65 to 80 years of age. Patients enrolled in RCTs
of TAVI versus SAVR had high-velocity severe AS
(Stage D1). However, less robust data from observa-
tional studies and registry data are encouraging with
regard to TAVI for symptomatic patients with low-flow,
low-gradient severe AS (Stages D2 and D3). Thus, these
guidelines make the same recommendations for
symptomatic patients with confirmed severe AS
regardless of flow rate. TAVI has a slightly lower mor-
tality risk and is associated with a shorter hospital
length of stay, more rapid return to normal activities,
lower risk of transient or permanent AF, less bleeding,



JACC VOL. 77, NO. 4, 2021
FEBRUARY 2, 2021:e25-197

2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

Otto et al.

FIGURE 3 Choice of SAVR Versus TAVI When AVR is Indicated for Valvular AS

Adult Patient With AS

!

Indication for AVR
(See section 3.2.3)

Estimated risk not high
or prohibitive

l A 4
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| <50y I | 50-65y |

| >65y I

Mechanical Mechanical or
AVR (2a) bioprosthetic (2a) (2a)

Bioprosthetic

oprosthetic valve

| Age <65y | |Ageé$-80y| | Age>80y |
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(2a)
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High or prohibitive surgical risk
(See section 2.5)
STS >8% or
22 Frailty measures or
<2 Organ systems or
Procedure specific impediment

Life expectancy with
acceptable QOL >1y.
Patient preferences and values

Thoracic Surgeons; TAVI, transcatheter aortic valve implantation; TF, transfemoral; and VKA, vitamin K antagonist.

Colors correspond to Table 2. *Approximate ages, based on US Actuarial Life Expectancy tables, are provided for guidance. The balance between expected
patient longevity and valve durability varies continuously across the age range, with more durable valves preferred for patients with a longer life expectancy.
Bioprosthetic valve durability is finite (with shorter durability for younger patients), whereas mechanical valves are very durable but require lifelong anti-
coagulation. Long-term (20-y) data on outcomes with surgical bioprosthetic valves are available; robust data on transcatheter bioprosthetic valves extend to
only 5 years, leading to uncertainty about longer-term outcomes. The decision about valve type should be individualized on the basis of patient-specific
factors that might affect expected longevity. tPlacement of a transcatheter valve requires vascular anatomy that allows transfemoral delivery and the
absence of aortic root dilation that would require surgical replacement. Valvular anatomy must be suitable for placement of the specific prosthetic valve,
including annulus size and shape, leaflet number and calcification, and coronary ostial height. See ACC Expert Consensus Statement. (20) AS indicates aortic
stenosis; AVR, aortic valve replacement; LVEF, left ventricular ejection fraction; QOL, quality of life; SAVR, surgical aortic valve replacement; STS, Society of
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and less pain than SAVR. On the other hand, SAVR is
associated with a lower risk of paravalvular leak, less
need for valve reintervention, and less need for a
permanent pacemaker. When the choice of SAVR or
TAVIis being made in an individual patient between 65
and 80 years of age, other factors, such as vascular
access, comorbid cardiac and noncardiac conditions
that affect risk of either approach, expected functional
status and survival after AVR, and patient values and
preferences, must be considered. The choice of me-
chanical or bioprosthetic SAVR (Section 11) versus a
TAVI is an important consideration and is influenced
by durability considerations, because durability of
transcatheter valves beyond 5 to 6 years is not yet
known (2).

. TAVI is a safe and effective procedure for treatment of

severe symptomatic AS in all adults regardless of esti-
mated surgical risk. The mortality rate for transfemoral
TAVIis lower than that for SAVR, with a HR of 0.88 and
a 95% CI of 0.78 to 0.99 in a meta-analysis of RCTs.
TAVI also is associated with a lower risk of stroke (HR:
0.81; 95% CI: 0.68-0.98; P=0.028), major bleeding, and
AF, as well as a shorter hospital length of stay, less
pain, and more rapid return to normal activities (3).
Compared with SAVR, TAVI results in higher rates of
vascular complications, paravalvular regurgitation,
permanent pacemaker implantation, and valve inter-
vention, but most patients will consider that the ad-
vantages of TAVI outweigh these disadvantages. TAVI
valves are durable to at least 5 years, and the limited
data on TAVI durability are of less concern to most
patients >80 years of age because the valve durability
is likely to be longer than the patient’s life expectancy
(22). If significant valve deterioration does occur, a
second TAVI within the first prosthesis, (called a valve-
in-valve TAVI), is likely to be possible. When a trans-
femoral approach is not possible, other factors, such as
alternative vascular access, comorbid cardiac and
noncardiac conditions, expected functional status and
survival after AVR, and patient values and preferences,
must be considered. The specific choice of a balloon-
expandable valve or self-expanding valve depends on
patient anatomy and other considerations. (23-28)

. An LVEF <50% in a patient with severe AS is a COR 1

indication for AVR, so the choice of TAVI versus SAVR
in these patients is based on the same considerations
as in patients with symptoms attributable to severe AS.
From a pathophysiological point of view, the reasons
for thinking that TAVI might be especially beneficial
with severe AS and a low LVEF are the avoidance of
myocardial ischemia with an open surgical procedure
and the greater reduction in afterload with a larger
effective valve area. However, outcome data from
RCTs show that a low LVEF also is a risk factor for
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adverse outcomes even with TAVI (29). The final choice
of implantation approach is based on a shared
decision-making process that accounts for the patient’s
values and preferences and includes discussion of the
indications for and against each approach and the po-
tential need for and risks associated with valve rein-
tervention. Studies on the potential benefit of TAVI in
patients with moderate AS and LV systolic dysfunction
are in progress.

. Published RCTs comparing TAVI and SAVR included

only patients with symptoms attributable to severe AS.
Asymptomatic patients with COR 2a indications for
AVR should either undergo SAVR or wait until a COR 1
indication is present before intervention. The recom-
mendation for SAVR in preference to TAVI includes
asymptomatic patients for whom AVR is being
considered because of an abnormal exercise blood
pressure response, an elevated serum BNP level, rapid
hemodynamic progression, or very severe AS with a
velocity of =5 m/s. The final choice of implantation
approach is based on a shared decision-making process
that accounts for the patient’s values and preferences
and includes discussion of the indications for and
against each approach and the potential need for and
risks associated with valve reintervention (30-32).

. Published RCTs have focused primarily on TAVI via the

transfemoral vascular access route. The mortality rate
has been higher with TAVI by nonfemoral access routes
than with SAVR, possibly because of the access
approach itself, but more likely because of the higher
comorbidity burden and risk in patients with vascular
disease severe enough to preclude transfemoral access.
When transfemoral TAVI is not feasible, SAVR or
palliative care options should be included in the shared
decision-making discussion. The final choice of im-
plantation approach is based on a shared decision-
making process that accounts for the patient’s values
and preferences and includes discussion of the in-
dications for and against each approach and the po-
tential need for and risks associated with valve
reintervention (1,33).

. TAVI was compared with standard medical therapy in a

prospective RCT of patients with severe symptomatic
AS who were deemed inoperable (12,14,34). The rate of
all-cause death at 2 years was lower with TAVI (43.3%)
(HR: 0.58; 95% CI: 0.36-0.92; P=0.02) than with stan-
dard medical therapy (68%) (12,14,34). Standard ther-
apy included percutaneous aortic balloon dilation in
84%. There was a reduction in repeat hospitalization
with TAVI (55% versus 72.5%; P<0.001). In addition,
only 25.2% of survivors were in New York Heart Asso-
ciation (NYHA) class III or IV 1 year after TAVI,
compared with 58% of patients receiving standard
therapy (P<0.001). However, the rate of major stroke
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TABLE 14

Favors SAVR

Otto et al.
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Favors TAVI

A Simplified Framework With Examples of Factors Favoring SAVR, TAVI, or Palliation Instead of Aortic Valve
Intervention

Favors Palliation

Age/life expectancy*

® Younger age/longer life expectancy m Older age/fewer expected remaining ® Limited life expectancy
years of life
Valve anatomy m BAV m Calcific AS of a trileaflet valve
® Subaortic (LV outflow tract) calcification
®  Rheumatic valve disease
® Small or large aortic annulus t
Prosthetic valve preference @ \echanical or surgical bioprosthetic valve ® Bioprosthetic valve preferred
preferred m Favorable ratio of life expectancy to
m Concern for patient-prosthesis mismatch valve durability
(annglar enlargement might be m TAVI provides larger valve area than
considered) same size SAVR
Concurrent cardiac m Aortic dilation # m Severe calcification of the ascending ® Irreversible severe LV systolic
conditions ® Severe primary MR aorta (“porcelain” aorta) dysfunction
m Severe CAD requiring bypass grafting ®m Severe MR attributable to annular
o calcification
m Septal hypertrophy requiring myectomy
m AF
Noncardiac conditions m Severe lung, liver, or renal disease m Symptoms likely attributable to
m  Mobility issues (high procedural risk noncardiac conditions
with sternotomy) Severe dementia
Moderate to severe involvement
of =2 other organ systems
Frailty m Not frail or few frailty measures ® Frailty likely to improve after TAVI m Severe frailty unlikely to improve
after TAVI
Estimatgd FrPiEd??/}\\(;F: SAVR risk low m TAVI risk low to medium B Prohibitive SAVR risk (>15%) or
surgical risk o or :
TA3| TAVI risk high B SAVR risk high to prohibitive post-TAVI life expectancy <1y
Pro;edure_—speciﬁc ®m Valve anatomy, annular size, or low coro- B Previous cardiac surgery with at-risk ® Valve anatomy, annular size, or
impediments nary ostial height precludes TAVI coronary grafts coronary ostial height precludes
m Vascular access does not allow trans- W Previous chest irradiation TAVI
femoral TAVI ® Vascular access does not allow
transfemoral TAVI
Goals c;f Care and gatiTnt ®m Less uncertainty about valve durability ® Accepts uncertainty about valve m Life prolongation not an important
preferences and values Avoid repeat intervention .dlirabilit%/‘ and possible repeat goal
intervention ; ; ;
m Lower risk of permanent pacer ® Avoid futile or unnecessary diag-
. i ® Higher risk of permanent pacer nostic or therapeutic procedures
m Life prolongation . i . .
K m Life prolongation Avoid procedural stroke risk
m Symptom relief K . o .
. ) m Symptom relief Avoid possibility of cardiac pacer
® Improved long-term exercise capacity and X .
QoL B |mproved exercise capacity and QOL
® Avoid vascular complications m Prefers shorter ho_spital stay, less
) postprocedural pain
m  Accepts longer hospital stay,

pain in recovery period

*Expected remaining years of life can be estimated from U.S. Actuarial Life Expectancy tables. The balance between expected patient longevity and valve durability varies continuously
across the age range, with more durable valves preferred for patients with a longer life expectancy. Bioprosthetic valve durability is finite (with shorter durability for younger patients),
whereas mechanical valves are very durable but require lifelong anticoagulation. Long-term (20-y) data on outcomes with surgical bioprosthetic valves are available; robust data on
transcatheter bioprosthetic valves extend only to 5y, leading to uncertainty about longer-term outcomes. The decision about valve type should be individualized on the basis of
patient-specific factors that might affect expected longevity.
tA large aortic annulus may not be suitable for currently available transcatheter valve sizes. With a small aortic annulus or aorta, a surgical annulus-enlarging procedure may be needed
to allow placement of a larger prosthesis and avoid patient-prosthesis mismatch.
$Dilation of the aortic sinuses or ascending aorta may require concurrent surgical replacement, particularly in younger patients with a BAV. Modified from Burke et al. (16)

AF indicates atrial fibrillation; AS, aortic stenosis; BAV, bicuspid aortic valve; CAD, coronary artery disease; LV, left ventricular; MR, mitral regurgitation; QOL, quality of life; SAVR,
surgical aortic valve replacement; and TAVI, transcatheter aortic valve implantation.

was higher with TAVI than with standard therapy at 30
days (5.05% versus 1.0%; P=0.06) and remained higher
at 2 years (13.8% versus 5.5%; P=0.01). Major vascular
complications occurred in 16.2% with TAVI versus 1.1%
with standard therapy (P<0.001) (12,14,34). Similarly,

in a nonrandomized study of 489 patients with severe
symptomatic AS and extreme surgical risk treated with
a self-expanding TAVI valve, the rate of all-cause death
at 12 months was 26% with TAVI, compared with an
expected mortality rate of 43% if patients had been

e59



e60

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

treated medically (13). The final choice of TAVI versus
palliative care is based on a shared decision-making
process that accounts for the patient’s values and
preferences and includes discussion of the indication,
risks, and benefits for and against each approach.

8. The survival and symptom reduction benefit of TAVI is
seen only in appropriately selected patients. Baseline
clinical factors associated with a poor outcome after
TAVI include advanced age, frailty, smoking or chronic
obstructive pulmonary disease, pulmonary hyperten-
sion, liver disease, prior stroke, anemia, and other
systemic conditions. The STS estimated surgical risk
score provides a useful measure of the extent of pa-
tient comorbidities and may help identify which pa-
tients will benefit from TAVI. Patients with a
mechanical impediment to SAVR, such as a porcelain
aorta or prior chest radiation damage, may have better
outcomes after TAVI than do frail patients or those
with moderate to severe disease in more than one
other organ system (12,14,34). The likely benefits and
risks of TAVI are considered in weighing the risk-
benefit ratio of intervention in an individual patient.
TAVI is not recommended in patients with 1) a life
expectancy of <1 year even with a successful procedure
or 2) those with a chance of “survival with benefit”
of <25% at 2 years.

9. Percutaneous aortic balloon dilation has a role in
treating children, adolescents, and young adults with
AS, but its role in treating older patients is very limited.
The mechanism by which balloon dilation modestly
reduces the severity of stenosis in older patients is
fracture of calcific deposits within the valve leaflets
and, to a minor degree, stretching of the annulus and
separation of the calcified or fused commissures. Im-
mediate hemodynamic results include a moderate
reduction in the transvalvular pressure gradient, but
the postdilation valve area rarely exceeds 1.0 cm?.
Despite the modest change in valve area, an early
symptomatic improvement usually occurs. However,
serious acute complications, including acute severe AR,
restenosis, and clinical deterioration, occur within 6 to
12 months in most patients. Therefore, in patients with
AS, percutaneous aortic balloon dilation is not a sub-
stitute for AVR. Some clinicians contend that, despite
the procedural morbidity and mortality rates and
limited long-term results, percutaneous aortic balloon
dilation can have a temporary role in the management
of some symptomatic patients, such as those patients
with severe AS and refractory pulmonary edema or
cardiogenic shock, who might benefit from percuta-
neous aortic balloon dilation as a “bridge” to TAVI or
SAVR. However, this approach is used less frequently
given the availability and success of immediate TAVI
even in very high-risk patients (Table 14) (35-38).
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4. AORTIC REGURGITATION

4.1. Acute Aortic Regurgitation

Acute aortic regurgitation (AR) may result from abnor-
malities of the valve, most often endocarditis, or abnor-
malities of the aorta, primarily aortic dissection. Acute AR
may also occur as an iatrogenic complication of a trans-
catheter procedure or after blunt chest trauma. The acute
volume overload on the LV usually results in severe pul-
monary congestion, as well as a low forward cardiac
output. Urgent diagnosis and rapid intervention are
lifesaving.

4.1.1. Diagnosis of Acute AR

TTE or TEE is indispensable in confirming the presence,
severity, and etiology of acute AR; determining whether
there is rapid equilibration of the aortic and LV diastolic
pressures; visualizing the aortic root; and evaluating LV
size and systolic function (1,2). A short deceleration time
on the aortic flow velocity curve and early closure of the
mitral valve are indicators of markedly elevated LV end-
diastolic pressure. A pressure half-time of <300 ms on
the AR velocity curve indicates rapid equilibration of the
aortic and LV diastolic pressures. The degree of hol-
odiastolic flow reversal in the aortic arch, in comparison
with the forward systolic flow, provides a quick semi-
quantitative estimate of regurgitant fraction. Acute se-
vere AR caused by aortic dissection is a surgical
emergency. CT imaging is the primary approach for
diagnosis of acute aortic dissection because it is highly
accurate and continuously available at most medical
centers. MRI is rarely used in the acute setting because of
patient instability. TEE may be used when CT imaging is
unavailable and is helpful in intraoperative assessment of
aortic valve function before and after the surgical inter-
vention. The sensitivity and specificity of TTE for diag-
nosis of Type A (3) aortic dissection are only 60% to 80%,
whereas TEE has a sensitivity of 98% to 100% and a
specificity of 95% to 100%. Angiography should be
considered only when the diagnosis cannot be deter-
mined by noninvasive imaging or when the differential
diagnosis is an acute coronary syndrome.

4.1.2. Intervention for Acute AR

In patients with acute severe AR resulting from IE or
aortic dissection, medical therapy to reduce LV afterload
may allow temporary stabilization, but surgery should not
be delayed, especially if there is hypotension, pulmonary
edema, or evidence of low flow (1-4). Intra-aortic balloon
counterpulsation is contraindicated in patients with acute
severe AR (5). Beta blockers are often used in treating
aortic dissection. However, these agents should be used
very cautiously, if at all, for other causes of acute AR
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Stage Definition Valve Anatomy Valve Hemodynamics Hemodynamic Consequences Symptoms
A At risk m BAV (or other congenital valve AR severity: none or trace None None
of AR anomaly)
Aortic valve sclerosis
Diseases of the aortic sinuses or
ascending aorta
m History of rheumatic fever or known
rheumatic heart disease
n |E
B ProgAr':ssive m Mild to moderate calcification of a  ® Mild AR: ® Normal LV systolic function None

trileaflet valve BAV (or other
congenital valve anomaly)

Dilated aortic sinuses
Rheumatic valve changes
Previous IE

C Asymptomatic
severe AR

Calcific aortic valve disease

Bicuspid valve (or other congenital
abnormality)

m Dilated aortic sinuses or ascending
aorta

Rheumatic valve changes

IE with abnormal leaflet closure or
perforation

D Symptomatic
severe AR

Calcific valve disease

Bicuspid valve (or other congenital
abnormality)

® Dilated aortic sinuses or ascending
aorta

Rheumatic valve changes

Previous IE with abnormal leaflet
closure or perforation

Jet width <25% of LVOT

Vena contracta <0.3 cm
Regurgitant volume <30 mL/beat
Regurgitant fraction <30%

ERO <0.10 cm?

Angiography grade 1

B Moderate AR:

Jet width 25%-64% of LVOT

Vena contracta 0.3-0.6 cm
Regurgitant volume 30-59 mL/beat
Regurgitant fraction 30% to 49%
ERO 0.10-0.29 cm?

Angiography grade 2

B Severe AR:

Jet width =65% of LVOT
Vena contracta >0.6 cm

Holodiastolic flow reversal in the
proximal abdominal aorta

Regurgitant volume =60 mL/beat
Regurgitant fraction =50%

ERO =0.3 cm?

Angiography grade 3 to 4

In addition, diagnosis of chronic se-
vere AR requires evidence of LV
dilation

B Severe AR:

Doppler jet width =65% of LVOT
Vena contracta >0.6 cm

Holodiastolic flow reversal in the
proximal abdominal aorta

Regurgitant volume =60 mL/beat
Regurgitant fraction =50%

ERO =0.3 cm?

Angiography grade 3 to 4

In addition, diagnosis of chronic se-
vere AR requires evidence of LV
dilation

® Normal LV volume or mild
LV dilation

None; exercise testing is
reasonable to confirm
symptom status

® C1: Normal LVEF (>55%)
and mild to moderate LV
dilation (LVESD <50 mm)

m (C2: Abnormal LV systolic
function with depressed
LVEF (=55%) or severe LV
dilation (LVESD >50 mm or
indexed LVESD >25 mm/m?)

m Symptomatic severe AR may M Exertional dyspnea or
occur with normal systolic angina or more severe
function (LVEF >55%), mild HF symptoms
to moderate LV dysfunction
(LVEF 40% to 55%), or se-
vere LV dysfunction
(LVEF <40%)

B Moderate to severe LV dila-

tion is present

AR indicates aortic regurgitation; BAV, bicuspid aortic valve; ERO, effective regurgitant orifice; HF, heart failure; IE, infective endocarditis; LV, left ventricular; LVEF, left ventricular ejection
fraction; LVESD, left ventricular end-systolic dimension; and LVOT, left ventricular outflow tract.

because they will block the compensatory tachycardia and
could precipitate a marked reduction in blood pressure.

4.2. Stages of Chronic AR

The most common causes of chronic severe AR in the
United States and other high-income countries are BAV
disease and primary diseases of the ascending aorta or the
sinuses of Valsalva. Rheumatic heart disease is the

leading cause of AR in many low- to middle-income
countries. With calcific valve disease, regurgitation often
accompanies AS, but the degree of regurgitation usually is
mild to moderate, not severe. In most patients with AR,
the disease course is chronic and slowly progressive, with
increasing LV volume overload and LV adaptation via
chamber dilation and hypertrophy. Management of pa-
tients with AR depends on an accurate diagnosis of the
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cause and stage of the disease process. Table 15 shows the
stages of AR, ranging from patients at risk of AR (Stage A)
or with progressive mild to moderate AR (Stage B) to se-
vere asymptomatic (Stage C) and symptomatic (Stage D)
AR. Each of these stages is defined by valve anatomy,
valve hemodynamics, severity of LV dilation, and LV
systolic function, as well as by patient symptoms.

4.3. Chronic AR
4.3.1. Diagnosis of Chronic AR

Recommendations for Diagnostic Testing of Chronic AR

JACC VOL. 77, NO. 4, 2021
FEBRUARY 2, 2021:e25-197

of HF symptoms or death in initially asymptomatic
patients (Stages B and C1) and are significant
determinants of survival and functional results after
surgery in asymptomatic and symptomatic patients
(Stages C2 and D) (2-18,26). Symptomatic patients
(Stage D) with normal LVEF have a significantly better
long-term postoperative survival rate than those with
depressed systolic function.

2. Auscultation has high specificity for detecting AR but
low sensitivity and diagnostic accuracy (27). TTE can

Referenced studies that support the recommendations are summarized in

COR LOE

RECOMMENDATIONS

1. In patients with signs or symptoms of AR, TTE is indicated for assessment of the cause and severity of
regurgitation, LV size and systolic function, prognosis, and timing of valve intervention (1-19).

evaluate the presence and severity of AR. (1)

3. In patients with moderate or severe AR and suboptimal TTE images or a discrepancy between clinical and
TTE findings, TEE, CMR, or cardiac catheterization is indicated for the assessment of LV systolic function,

- 2. In patients with a BAV or with known dilation of the aortic sinuses or ascending aorta, TTE is indicated to

systolic and diastolic volumes, aortic size, and AR severity (20-25).

Synopsis

TTE provides diagnostic information about the etiology
and mechanism of AR (including valve reparability),
severity of regurgitation, morphology of the ascending
aorta, and LV response to the increases in preload and
afterload. Imaging with TEE, CMR, or aortic angiography
provides additional information when needed.

Recommendation-Specific Supportive Text

1. Although qualitative measures of AR severity are
adequate in many situations, when AR is significant
(Stages B and C), quantitative measures of regurgitant
volume and effective regurgitant orifice (ERO) area (1)
are better predictors of clinical outcome (2,3). Measures
of LV systolic function (LVEF or fractional shortening)
and LV end-systolic dimension (LVESD) or LV
end-systolic volume are predictive of the development

Recommendations for Medical Therapy of Chronic AR

identify AR in patients who have been deemed to be at
risk on the basis of the presence of known aortic dila-
tion or a condition associated with abnormal aortic
valve function, such as a BAV.

3. TTE and CMR are useful for evaluating patients in
whom there is discordance between clinical assess-
ment and severity of AR by TTE or when TTE images
are suboptimal. CMR imaging provides accurate and
reproducible measures of regurgitant volume and
regurgitant fraction in patients with AR, as well as
assessment of aortic morphology, LV volume, and LV
systolic function. Cardiac catheterization with LV and
aortic angiography, as well as quantitation of regurgi-
tation severity, is another option (20-25,28-30).

4.3.2. Medical Therapy

Referenced studies that support the recommendations are summarized in

COR LOE

RECOMMENDATIONS

1. In asymptomatic patients with chronic AR (Stages B and C), treatment of hypertension (systolic blood
pressure >140 mm Hqg) is recommended (1-3).

recommended (4).

2. In patients with severe AR who have symptoms and/or LV systolic dysfunction (Stages C2 and D) but a
prohibitive surgical risk, GDMT for reduced LVEF with ACE inhibitors, ARBs, and/or sacubitril/valsartan is
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Synopsis

There is no evidence that vasodilating drugs reduce
severity of AR or alter the disease course in patients with
significant AR in the absence of systemic hypertension.
Recommendations for GDMT for hypertension and HF
apply to patients with chronic asymptomatic AR, as for
the general population.

Recommendations for Timing of Intervention for Chronic AR

Otto et al.
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2. In symptomatic patients who are candidates for sur-
gery, medical therapy is not a substitute for AVR.
However, medical therapy is helpful for alleviating
symptoms in patients who are considered to be at very
high surgical risk because of concomitant comorbid
medical conditions (5,9).

4.3.3. Timing of Intervention

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

e63

1. In symptomatic patients with severe AR (Stage D), aortic valve surgery is indicated regardless of LV
systolic function (1-7).

. In asymptomatic patients with chronic severe AR and LV systolic dysfunction (LVEF <55%) (Stage C2),
aortic valve surgery is indicated if no other cause for systolic dysfunction is identified (3,5,8-12).

N

3. In patients with severe AR (Stage C or D) who are undergoing cardiac surgery for other indications, aortic
valve surgery is indicated.

. In asymptomatic patients with severe AR and normal LV systolic function (LVEF >55%), aortic valve
surgery is reasonable when the LV is severely enlarged (LVESD >50 mm or indexed LVESD >25 mm/m?)
(Stage C2) (10,11,13-24).

N
1)
H

5. In patients with moderate AR (Stage B) who are undergoing cardiac or aortic surgery for other indications,
aortic valve surgery is reasonable.

. In asymptomatic patients with severe AR and normal LV systolic function at rest (LVEF >55%; Stage C1)
and low surgical risk, aortic valve surgery may be considered when there is a progressive decline in LVEF
on at least 3 serial studies to the low-normal range (LVEF 55% to 60%) or a progressive increase in LV
dilation into the severe range (LV end-diastolic dimension [LVEDD] >65 mm) (12,16,17,20,25-28).

7. In patients with isolated severe AR who have indications for SAVR and are candidates for surgery, TAVI
should not be performed (29-32).

N
(>
)]

Recommendation-Specific Supportive Text Synopsis

1. Severe AR is associated with a wide pulse pressure, Most patients with indications for surgery for chronic

such that systolic blood pressure is higher than in pa-
tients without AR even when systemic vascular resis-

severe AR require valve replacement with a mechanical or
bioprosthetic valve (Figure 4). Preservation of the native
aortic valve (“valve sparing”) may be possible in selected
patients with favorable valve anatomy who are under-
going surgical replacement of the aortic sinuses and/or
ascending aorta (33-39). Although advances are occurring
in primary aortic valve repair (37,40-42), this approach is

tance is normal. Transaortic stroke volume increases
further with medications that lower heart rate, such as
beta blockers, which may result in a paradoxical
apparent increase in blood pressure. Vasodilating
drugs, such as ACE inhibitors or ARBs, do not affect

heart rate and thus may reduce systolic blood pressure not yet generalizable, and durability is not known. Cur-

rent recommendations for AVR related to severity of LV
dilation are based on measurement of LV short-

without a substantial reduction in diastolic blood
pressure in patients with chronic AR. (1,2,5-8)
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FIGURE 4 Timing of intervention for AR

Aortic Regurgitation

A\ 4 \ 4
Severe AR Moderate
(VC >0.6 cm, holodiastolic AR
aortic flow reversal, RVol 260 mL,
RF 250%, ERO 20.3 cm?)
\ 4 \ 4 y
Symptomatic Asymptomatic Other
(Stage D) (Stage C) cardiac
surgery
v A A4 A4
Other Progressive

LVEFs55% || .rdiac LVEF >55% decrease in LVEF

(Stage C2) surgery and to <55%-60% or

LVESD >50 mm increase in LVEDD

(LVESD >25 mm/m?) to >65 mm on at

least 3 studies
Low
surgical risk
\ \/

AVR (2a) AVR (2a)

vena contracta

Colors correspond to Table 2. AR indicates aortic regurgitation; AVR, aortic valve replacement; EDD, end-diastolic dimension; ERO, effective regurgitant
orifice; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; RF, regurgitant fraction; RVol, regurgitant volume; and VC,

axis diameters. There are limited data demonstrating
prognostic value of LV volume measurements in
chronic AR using left ventriculography (43), 2D echocar-
diography (18,44), and CMR (45,46). Normal limits for
LV volumes have been determined, as have criteria

for severe LV dilation, but these values differ between
2D echocardiography, 3D echocardiography, and
CMR (47,48), and there are insufficient data on the rela-
tionship between LV volumes and outcomes of patients
with AR. This is an area in need of further investigation.
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Other markers of LV dysfunction and remodeling, such as
global longitudinal strain and circulation biomarkers
(44,46,49-51), likewise require additional clinical
outcome studies.

Recommendation-Specific Supportive Text

1. Symptoms are an important indication for AVR in pa-
tients with chronic severe AR, and the most important
aspect of the clinical evaluation is taking a careful,
detailed history to elicit symptoms or diminution of
exercise capacity. Patients with chronic severe AR who
develop symptoms have a high risk of death if AVR is
not performed (52), and survival and functional status
after AVR are related to the severity of preoperative
symptoms, assessed either subjectively or objectively
with exercise testing (1-4). Even among symptomatic
patients with a severe reduction in LVEF (<35%), AVR
results in improved survival rate (5-7).

2. LV systolic function is an important determinant
of survival and functional status after AVR
(3-5,8,9,12,53-61). Outcomes are optimal when surgery
is performed before LVEF decreases below 55%
(16,25,26). In asymptomatic patients with LV systolic
dysfunction, postoperative outcomes are better if AVR
is performed before onset of symptoms (53).

3. Patients with chronic severe AR may be referred for
other types of cardiac surgery, such as CABG, mitral
valve surgery, or surgery for correction of dilation of
the aortic root or ascending aorta. In these patients,
AVR will prevent both the hemodynamic consequences
of persistent AR during the perioperative period and
the possible need for a second cardiac operation in the
near future. Patients undergoing surgical repair or
replacement of the aortic root or ascending aorta
may be candidates for aortic valve-sparing procedures
(33-39).

4. LVESD in patients with chronic AR reflects both the
severity of the LV volume overload and the degree of
LV systolic shortening (54,62). An elevated LVESD
often reflects LV systolic dysfunction with a
depressed LVEF. If LVEF is normal, an increased
LVESD indicates a significant degree of LV remodel-
ing and is associated with subsequent development
of symptoms and/or LV systolic dysfunction and an
increased mortality rate after AVR (17,20,21). Most
studies have used unadjusted LVESD, but indexing
for body size is important, particularly in women or

Otto et al.
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small patients (13,19,52). Recent data indicate that
the LVESD index threshold for optimal postoperative
survival may be even smaller than 25 mm/m? (14-16),
but more outcome data, and ideally an RCT, of
earlier intervention are needed. LV volumes may be a
more sensitive predictor of cardiac events than
LVESD index in asymptomatic patients (18), but more
data are needed to determine the threshold values of
LV systolic volume that best predict postoperative
outcomes.

. In patients with moderate AR who are undergoing

other forms of cardiac surgery, such as CABG, mitral
valve surgery, or replacement of the ascending aorta,
the decision to intervene on the aortic valve concur-
rently includes consideration of several factors,
including aortic valve anatomy, aortic root size and
shape, regurgitant severity, other comorbidities, and
patients’ preferences and values. Patients undergoing
surgical repair or replacement of the aortic root or
ascending aorta may be candidates for a valve-sparing
procedure (33-39).

. LVEDD, a marker of the severity of LV volume over-

load in patients with chronic AR, is significantly
associated with clinical outcomes in asymptomatic
patients, and progressive increases in LVEDD are
associated with subsequent need for surgery
(16,17,20,25-28). In asymptomatic patients, it is
important to ensure that apparent changes in LV size
or LVEF are not due simply to measurement or
physiological variability. In addition, confirmation of
severe regurgitation by quantitative measures of AR
severity with TTE, TEE, or, when needed, CMR pro-
vides confidence that AR is the cause of LV dilation or
decrease in LVEF. When there is an apparent signifi-
cant fall in EF or increase in LV size, repeat imaging
typically is performed at 3- to 6-month intervals un-
less there is clinical deterioration.

. TAVI for isolated chronic AR is challenging because

of dilation of the aortic annulus and aortic root and,
in many patients, lack of sufficient leaflet calcifica-
tion. Risks of TAVI for treatment of AR include
transcatheter valve migration and significant para-
valvular leak (29-32). TAVI is rarely feasible, and
then only in carefully selected patients with severe
AR and HF who have a prohibitive surgical risk and
in whom valvular calcification and annular size are
appropriate for a transcatheter approach.
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5. BICUSPID AORTIC VALVE

5.1. BAV and Associated Aortopathy
5.1.1. Diagnosis and Follow-Up of BAV

5.1.1.1. Diagnostic Testing: Initial Diagnosis

Recommendations for Diagnostic Testing: Initial Diagnosis of BAV

Referenced studies that support the recommendations are summarized in

RECOMMENDATIONS

JACC VOL. 77, NO. 4, 2021
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1. In patients with a known BAV, TTE is indicated to evaluate valve morphology, measure severity of AS and
AR, assess the shape and diameter of the aortic sinuses and ascending aorta, and evaluate for the

presence of aortic coarctation for prediction of clinical outcome and to determine timing of intervention

(1-4).

2. In patients with BAV, CMR angiography or CT angiography is indicated when morphology of the aortic

C-LD

ography. (4,5)

sinuses, sinotubular junction, or ascending aorta cannot be assessed accurately or fully by echocardi-

3.
2b

In first-degree relatives of patients with a known BAV, a screening TTE might be considered to look for
the presence of a BAV or asymptomatic dilation of the aortic sinuses and ascending aorta. (6)

Synopsis

BAV is a common congenital anomaly that affects 0.5%
to 2.0% of adults with a 3:1 male-to-female predominance
(1). Patients with BAV may develop isolated aortic valve
disease, including isolated AR, AS, or a combination of the
two. Aortic aneurysms have been reported in 20% to 40%
of patients with BAV (1). This aortopathy can occur inde-
pendent of valve function and consists of dilation of the
aortic sinuses, the ascending aorta, or the arch. Therefore,
patients with BAV require careful evaluation of both the
aortic valve and the aorta throughout their lifetimes
(Figure 5).

Recommendation-Specific Supportive Text

1. Many patients with BAV will develop AS or AR over
their lifetimes. In a recent meta-analysis of natural
history studies of patients with BAV, 13% to 30% of
patients developed moderate or greater AR and 12% to
37% developed moderate or greater AS during follow-
up. (1) TTE usually is adequate for evaluation of
aortic valve anatomy and hemodynamics. TEE provides
improved 2D and 3D images if needed. Aortic enlarge-
ment at the level of the sinuses or proximal ascending
aorta has been reported in 20% to 40% of patients with
BAV (1), and some develop severe aneurysmal dilation

and are at increased risk of aortic dissection (2,3,7-10).
Aortic measurements are reported at the aortic
annulus, sinuses of Valsalva, sinotubular junction, and
mid-ascending aorta. Doppler interrogation of the
proximal descending aorta and abdominal aorta should
also be performed to evaluate for the presence of aortic
coarctation, which is associated with BAV in a subset of
patients, although a coarctation also can be detected by
comparing arm and leg blood pressures.

. CT angiography or CMR provides better images of the

aortic sinuses, sinotubular junction, or ascending aorta
when TTE does not adequately visualize the sinus and
proximal 5 to 6 cm of the ascending aorta. The choice of
CMR versus CT angiography depends on patient pref-
erence, insurance coverage, institutional expertise,
and consideration of radiation exposure.

. In about 20% to 30% of patients with a BAV, other

family members also have a BAV and/or an associated
aortopathy. A specific genetic cause has not been
identified, and the patterns of inheritance are variable.
Imaging can identify the presence of a BAV and aortic
dilation, but there is a paucity of data on the cost-
effectiveness of this approach and whether earlier
diagnosis would improve long-term clinical outcomes
(6,11).
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FIGURE 5 Intervals for imaging the aorta in patients with a BAV

Bicuspid Aortic Valve

\ 4

Aortic diameter
(sinuses or ascending
aorta) 24.0 cm

BAV with prior aortic
valve replacement

Periodic imaging by TTE, CMR, or

CTA, with interval determined by: Continued lifelong

+ Degree and rate of progression of periodic imaging if
aortic dilation aortic diameter is

« Family history of aortic dissection 24.0 cm (22)
(2a)

Colors correspond to Table 2. BAV indicates bicuspid aortic valve; CTA, computed tomographic angiography; CMR, cardiac magnetic resonance; TTE,
transthoracic echocardiography.

5.1.1.2. Diagnostic Testing: Routine Follow-Up

Recommendations for Diagnostic Testing: Routine Follow-Up of Patients With a BAV

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. In patients with BAV and a diameter of the aortic sinuses or ascending aorta of >4.0 cm, lifelong serial
evaluation of the size and morphology of the aortic sinuses and ascending aorta by echocardiography,
CMR, or CT angiography is reasonable, with the examination interval determined by the degree and rate
of progression of aortic dilation and by family history (1-5).

2a C-LD

2. In patients with a BAV who have undergone AVR, continued lifelong serial interval imaging of the aorta is
2a reasonable if the diameter of the aortic sinuses or ascending aorta is 24.0 cm (6,7).
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Synopsis
Patients with BAV with and without associated aortic
aortopathy require lifelong surveillance. Because pro-

increase the risk of aortic dissection, such as a rapid
rate of change in aortic diameter or a family history of
aortic dissection, may also require more frequent
gression of valve disease and growth of the aorta can monitoring. In patients with milder dilation that shows
occur in the absence of symptoms, diagnostic imaging

plays an integral role in the surveillance process.

no change on sequential studies and with a negative
family history, a longer interval between imaging
studies is appropriate (1-4,8,9).

2. In a retrospective review of 1286 patients with a BAV

Recommendation-Specific Supportive Text

1. Aortopathy is present in approximately 20% to 40% of
patients with a BAV and is associated with dilation of

who underwent isolated AVR with a median of 12 years
of follow-up, subsequent aortic dissection occurred in

the aortic sinuses, the ascending aorta, and/or the arch
(1). In a retrospective case series of 918 patients with
BAV followed for 2 to 12 years with serial imaging, 47%
required valve surgery but only 3.8% required aortic
grafting without valve replacement, and <0.1% had
aortic dissection (5). In a systematic review of 13
studies with >11000 patients with a BAV, aortic dila-
tion was present in 20% to 40%, but only 0.4% suffered

1%, ascending aortic replacement surgery was needed in
0.9%, and progressive aortic enlargement was noted in
9.9% (6). In a smaller cohort of 153 patients with a BAV
with prior AVR, 3% required proximal aortic surgery
after 15 years of follow-up. No cases of aortic dissection
were noted (7,10). These studies demonstrate that the
aorta may continue to dilate in patients with a BAV who
undergo valve replacement surgery (11).

aortic dissection (1). Aortic imaging at least annually is
prudent in patients with BAV and significant aortic
dilation (>4.5 cm) to determine the appropriate timing
of surgical intervention. Patients with risk factors that

5.1.2. Interventions for Patients With BAV

5.1.2.1. Intervention: Replacement of the Aorta

Recommendations for Intervention: Replacement of the Aorta in Patients With a BAV

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. In asymptomatic or symptomatic patients with a BAV and a diameter of the aortic sinuses or ascending
aorta >5.5 cm, operative intervention to replace the aortic sinuses and/or the ascending aorta is rec-
ommended (1-3).

. In asymptomatic patients with a BAV, a diameter of the aortic sinuses or ascending aorta of 5.0 to 5.5 cm,
and an additional risk factor for dissection (eg, family history of aortic dissection, aortic growth rate >0.5
cm per year, aortic coarctation), operative intervention to replace the aortic sinuses and/or the ascending
aorta is reasonable if the surgery is performed at a Comprehensive Valve Center (3,4).

2a

3. In patients with a BAV with indications for SAVR and a diameter of the aortic sinuses or ascending
aorta >4.5 cm, replacement of the aortic sinuses and/or ascending aorta is reasonable if the surgery is
performed at a Comprehensive Valve Center (4-7).

2a

N

4. In patients with a BAV who meet criteria for replacement of the aortic sinuses, valve-sparing surgery may

28 Ly be considered if the surgery is performed at a Comprehensive Valve Center (8,9).

. In asymptomatic patients with a BAV who are at low surgical risk, have a diameter of the aortic sinuses or
ascending aorta of 5.0 to 5.5 cm, and have no additional risk factors for dissection, operative intervention
to replace the aortic sinuses and/or the ascending aorta may be considered if the surgery is performed at
a Comprehensive Valve Center (4-7,10-14).

2b

Ul

Synopsis
The timing and type of surgery for replacement of the
aorta are dependent on the anatomy of the aorta (as

Recommendation-Specific Supportive Text

1. Retrospective studies of patients with a BAV have
shown that the incidence of aortic dissection is very low
and is estimated to be approximately 0.4% with routine
surveillance of the aorta (1). However, data are limited

demonstrated on imaging), patient characteristics, and
institutional expertise (Figure 6).
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FIGURE 6 Intervention for replacement of the aorta in patients with a BAV

Bicuspid Aortic Valve
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. X cm without
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diameter 24.5 cm ; S
dissection
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Colors correspond to Table 2. *Family history of aortic dissection, aortic growth rate =0.5 cm/y, and/or presence of aortic coarctation. BAV indicates bicuspid
aortic valve; AVR, aortic valve replacement; and CVC, Comprehensive Valve Center.

with regard to the degree of aortic dilation at which the
risk of dissection is high enough to warrant operative
intervention in patients who do not fulfill criteria for
AVR on the basis of severe AS or AR. Thus, an indi-
vidualized approach to the timing of surgical inter-
vention for a dilated aorta is suggested. Surgery is
recommended in patients with a BAV with or without
symptoms and with a diameter of the aortic sinuses or
the ascending aorta of =5.5 cm (2).

. Specific risk factors, including family history of aortic
dissection, aortic growth rate >0.5 cm per year, and
aortic coarctation, are associated with a greater risk
of aortic dissection. In patients with these risk
factors, operative intervention to replace the aortic
sinuses and/or the ascending aorta is reasonable

when the aortic dimension is 5.0 to 5.5 cm, if the
surgery is performed at a Comprehensive Valve Center
(4,10-12,15).

. In patients with a BAV, data are limited with regard to

the degree of aortic dilation at which the risk of
dissection is high enough to warrant replacement of
the ascending aorta at the time of AVR. The risk of
progressive aortic dilation and dissection after AVR in
patients with BAV has been the subject of several
studies, but definitive data are lacking. In patients
undergoing AVR because of severe AS or AR, replace-
ment of the ascending aorta is reasonable when the
aortic diameter is >4.5 cm (4-7,10-14).

. There are a limited number of patients with BAV who

meet criteria for operative intervention on the aortic
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sinuses and/or ascending aorta but have a well-
functioning aortic valve. Because of the growing
experience with valve-sparing surgery on highly
selected patients (8,9), surgical replacement of the
aorta with aortic valve repair or reimplantation may be
considered. However, given the complexity of this
procedure, surgery should be performed at a Compre-
hensive Valve Center.

5. Data are limited with regard to the degree of aortic
dilation at which the risk of dissection is high enough
to warrant operative intervention in patients who do
not fulfill criteria for AVR on the basis of severe AS or
AR. In asymptomatic patients with a BAV and a diam-
eter of the aortic sinuses and/or ascending aorta of

JACC VOL. 77, NO. 4, 2021
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5.0 to 5.5 cm who are at low surgical risk and have no
additional risk factors for aortic dissection, surgery to
replace the aortic sinuses and/or ascending aorta may
be considered as long as surgery is performed at a
Comprehensive Valve Center. Additionally, shared
decision-making between the patient and the health-
care team is needed to clearly outline the risks of sur-
gery and weigh them against the potential reduction in
future risk of aortic dissection (4-7,10-14).

5.1.2.2. Intervention: Repair or Replacement of the Aortic
Valve

Recommendations for Intervention: Repair or Replacement of the Aortic Valve

Referenced studies that support the recommendations are summarized in

COR LOE

RECOMMENDATIONS

1. In patients with BAV and severe AR who meet criteria for AVR, aortic valve repair may be considered in

il selected patients if the surgery is performed at a Comprehensive Valve Center (1-3).
2. In patients with BAV and symptomatic, severe AS, TAVI may be considered as an alternative to SAVR after
B-NR consideration of patient-specific procedural risks, values, trade-offs, and preferences, and when the
surgery is performed at a Comprehensive Valve Center (4-6).
Synopsis procedures performed in the United States, suggest that

The indications for the timing of aortic valve interven-
tion in patients with a BAV and AS or AR is similar to those
for trileaflet aortic valves. See the respective sections on
AS (Section 3.2) and AR (Section 4). The choice of pros-
thetic valve type in patients with a BAV is similar to that
for patients with trileaflet valves. See the section on
prosthetic valve choices (Section 3.2.4.1) for full details.
Given the unique nature of BAV, however, there are
additional specific considerations.

Recommendation-Specific Supportive Text

1. Surgical repair of the aortic valve may be feasible in
selected patients, depending on valve and aortic root
anatomy and tissue characteristics. Published data
suggest that valve repair can be performed safely and
effectively by surgeons with training and experience in
these techniques (1-3,7). However, given the complex-
ities of patient selection and surgical techniques, such
surgeries should be performed at a Comprehensive
Valve Center.

2. Recent trials have demonstrated the benefits of TAVI in
patients with severe, symptomatic AS. However, the
early pivotal TAVI trials excluded patients with BAV.
Initial studies using early-generation valves suggested
a higher rate of paravalvular leak in the BAV population
(4,5). Data from the STS/ACC Transcatheter Valve
Therapies Registry, which includes all consecutive TAVI

with the use of newer-generation prosthetic valves the
rate of paravalvular leak is no different in patients with
a BAV than in patients with a trileaflet aortic valve. This
registry also showed no difference in mortality rate at
30 days and 1 year between the BAV and tricuspid valve
groups. However, the stroke rate at 30 days was higher
in the BAV group (6). Other considerations are the
younger age of patients with a BAV, for whom the risk-
benefit ratio of TAVI versus SAVR needs careful
consideration. RCTs are needed to obtain full clarity on
the optimal use of TAVI in this population, as well as
long-term outcomes.

6. MITRAL STENOSIS

The incidence of rheumatic MS is low in high-income
countries and has been slowly declining in low- and
middle-income countries, but MS remains a major cause of
valve disease worldwide. Rheumatic MS is much more
common in women (about 80% of cases) than in men. The
clinical presentation of rheumatic MS varies, with patients
from regions with a high disease prevalence presenting at
a young age (teen years to age 30 years) with commissural
fusion but pliable noncalcified valve leaflets. In contrast,
the presentation in regions with a low disease prevalence
occurs more often in older patients (age 50 to 70 years)
who present decades after the initial rheumatic fever
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Stage Definition Valve Anatomy Valve H dy ics H dynamic C | es Symptoms
A At risk of MS Mild valve doming during diastole Normal transmitral flow velocity None None
B Progressive Rheumatic valve changes with ® Increased transmitral flow  ® Mild to moderate LA None
MS commissural fusion and diastolic velocities enlargement
doming of the mitral valve leaflets Mitral valve area >1.5cm?> ® Normal pulmonary pressure
Planimetered mitral valve Diastolic pressure half- at rest
area >1.5 cm? time <150 ms
¢ Asymptomatic Rheumatic valve changes with Mitral valve area <1.5 cm? Severe LA enlargement None

severe MS

commissural fusion and diastolic
doming of the mitral valve leaflets

Diastolic pressure half-
time =150 ms

Elevated PASP >50 mm Hg

® Planimetered mitral valve
area =1.5 cm?

D Symptomatic g

Rheumatic valve changes with
severe MS

commissural fusion and diastolic
doming of the mitral valve leaflets

® Planimetered mitral valve
area =1.5 cm?

Mitral valve area <1.5 cm?

Diastolic pressure half- L]
time =150 ms

m Decreased exercise
tolerance

Severe LA enlargement

Elevated PASP >50 mm Hg
m  Exertional dyspnea

The transmitral mean pressure gradient should be obtained to further determine the hemodynamic effect of the MS and is usually >5 mm Hg to 10 mm Hg in severe MS; however,
because of the variability of the mean pressure gradient with heart rate and forward flow, it has not been included in the criteria for severity.

LA indicates left atrial; MS, mitral stenosis; and PASP, pulmonary artery systolic pressure.

episode with calcified fibrotic leaflets in addition to
commissural fusion and subvalvular involvement. Older
patients with MS often have multiple other cardiac and
noncardiac comorbidities, such as atherosclerotic disease,
hypertension, and diastolic dysfunction, all of which need
to be taken into consideration in patient evaluation and
management (1,2).

Although most of MS in the world results from rheu-
matic heart disease, nonrheumatic calcific MS is found
with increasing frequency in the elderly population in
high-income countries Calcific MS is the result of calcifi-
cation of the mitral annulus that extends into the leaflet
bases, resulting in both narrowing of the annulus and ri-
gidity of the leaflets (3-5).

6.1. Stages of MS

The stages of MS are defined by patient symptoms, valve
anatomy, valve hemodynamics, and the consequences of
valve obstruction on the left atrium (LA) and pulmonary
circulation (Table 16). Rheumatic valve disease is the
primary cause of MS, with anatomic features reflecting
this disease process. Hemodynamic severity is best

characterized by valve area, either directly planimetered
by 2D or 3D imaging or calculated from the diastolic
pressure half-time (1). The definition of “severe” MS is
based on the severity of symptoms, as well as the severity
at which intervention will improve symptoms. Thus, a
mitral valve area =<1.5 cm? is considered severe, which
typically corresponds to a transmitral mean gradient of >5
mmHg to 10 mmHg at a normal heart rate. However,
mean pressure gradient is highly dependent on trans-
valvular flow rate, the diastolic filling period, and heart
rate. Mitral pressure half-time also has limitations, and is
dependent upon LV and LA compliance as well as stenosis
severity. Other approaches to calculation of the mitral
valve area, such as the continuity equation or Gorlin for-
mula, may be used if discrepancies exist. These pertain
primarily to patients with rheumatic MS.

6.2. Rheumatic MS
6.2.1. Diagnosis and Follow-Up of Rheumatic MS
6.2.1.1. Diagnostic Testing: Initial Diagnosis

Recommendations for Diagnostic Testing: Initial Diagnosis of Rheumatic MS

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS
1. In patients with signs or symptoms of rheumatic MS, TTE is indicated to establish the diagnosis, quantify
L SR hemodynamic severity, assess concomitant valvular lesions, and demonstrate valve morphology (to
determine suitability for mitral commissurotomy) (1-3).
2. In patients considered for percutaneous mitral balloon commissurotomy (PMBC), TEE should be per-
1 C-LD

formed to assess the presence or absence of LA thrombus and to evaluate the severity of MR (4-6).
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Synopsis

For patients with rheumatic MS, TTE is the initial
diagnostic test to determine the severity of the stenosis
and suitability for PMBC. If PMBC is being considered, a
TEE can further evaluate the presence and severity of
concomitant MR and rule out LA thrombus.

Recommendation-Specific Supportive Text

1. TTE is the imaging modality of choice to elucidate the
anatomy and functional significance of rheumatic MS
(1). The parasternal long-axis window can identify the
characteristic diastolic doming of the mitral valve,
whereas short-axis scanning will demonstrate
commissural fusion and allow planimetry of the mitral
orifice. Use of 3D echocardiography (either TTE or TEE)
provides greater accuracy of measurement of the mitral
valve area (7,8). Doppler echocardiography mean
transvalvular gradients always should be reported with
heart rate because a high heart rate will result in
overestimation of stenosis severity (9). Estimated RV
systolic pressure is obtained from the TR velocity.
Concomitant MR should be quantified, along with any
other valve lesions (Section 7.3.1.1). Several scores are
available for evaluation of mitral valve morphology
and prediction of outcomes with PMBC, and these
scores consider valve thickening, mobility, and calci-
fication with subvalvular chordal fusion (10,11). Char-
acterization of morphology and
calcification further predicts suitability for commis-
surotomy (2,3,12,13). Additional assessment of rheu-
matic MS includes the mitral pressure half-time, with

commissural

acknowledgment that this parameter is also affected by
LA and LV compliance. If the mean gradient does not
match the valve area, other methods, such as the con-
tinuity equation, should be considered (14).

2. TEE offers excellent visualization of the mitral valve
and LA and is an alternative approach to assessment of
rheumatic MS in patients whose TTE images are tech-
nically limited. In patients being considered for PMBC,
a TEE can rule out LA cavity and appendage thrombi
(4-6). TEE also is useful for evaluation of MR severity
in patients being considered for PMBC because shad-
owing of the LA on TTE may result in underestimation
of MR severity. MR that is more than mild is a contra-
indication to PMBC.

6.2.1.2. Diagnostic Testing: Changing Signs or Symptoms

Patients with an established diagnosis of rheumatic MS
may experience a change in symptoms attributable to
disease progression related to recurrent episodes of
rheumatic fever leading to further valve damage; pro-
gressive narrowing of the mitral valve attributable to
leaflet fibrosis and thickening; progressive pulmonary

JACC VOL. 77, NO. 4, 2021
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hypertension; or worsening of concomitant MR or other
valve lesions. In addition, symptom status may change
with no change in rheumatic MS severity because of an
increased hemodynamic load (for example, because of
pregnancy), new-onset or rapid AF, fever, anemia, or
hyperthyroidism, or hemodynamic shifts in the periop-
erative period of patients undergoing noncardiac surgery.
In such cases, a repeat TTE examination can quantify the
mitral valve gradient and area, as well as other parame-
ters that may contribute to a change in symptoms.

6.2.1.3. Diagnostic Testing: Routine Follow-Up

Rheumatic MS is a slowly progressive disease, character-
ized by a prolonged latent phase between the initial
rheumatic illness and the development of valve stenosis
(1-3). The latent phase is an interval typically measured in
decades in high-income countries but in considerably
shorter periods in low- to middle-income countries, likely
because of recurrent carditis. Once mild stenosis has
developed, further narrowing is slow (decrease in valve
area of 0.1 cm? per year on average), although the rate of
progression is highly variable (3). Importantly, progres-
sive enlargement of the RV and a rise in RV systolic
pressure can be observed, even in the absence of a
decrease in mitral valve area. Accordingly, repeat TTE at
intervals dictated by valve area is an important aspect of
disease management, even in patients without symptoms
(Table 4).

6.2.1.4. Diagnostic Testing: Cardiac Catheterization

In the contemporary era, assessment of MS and associated
lesions can be obtained in most patients by TTE, occa-
sionally supplemented by TEE. However, there will be a
subset of patients with nondiagnostic studies or for whom
there is discordance between the clinical and echocar-
diographic findings. In older patients, other factors
contributing to symptoms may need to be further sorted
out, such as concomitant diastolic dysfunction, LA
noncompliance, or intrinsic pulmonary vascular disease.
Cardiac catheterization is useful in these patients to
further characterize rheumatic MS hemodynamics and
etiology of symptoms, as it can measure absolute pres-
sures in the LV, LA, and pulmonary circulation at rest and
with exercise. Although the mean pulmonary artery
wedge pressure is an acceptable substitute for mean LA
pressure, the LV-to-pulmonary wedge gradient will
overestimate the true transmitral gradient because of
phase delay and delayed transmission of pressure
changes (1). Nonetheless, the absolute mean pulmonary
artery wedge pressure and its relationship to the LV dia-
stolic pressure and pulmonary artery pressure can pro-
vide useful clinical information. The Gorlin equation can
be used for an independent calculation of mitral valve
area (2,3).
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6.2.1.5. Diagnostic Testing: Exercise Testing

Recommendation for Diagnostic Testing: Exercise Testing in Patients With Rheumatic MS

COR LOE RECOMMENDATION
1. In patients with rheumatic MS and a discrepancy between resting echocardiographic findings and clinical
U iy symptoms, exercise testing with Doppler or invasive hemodynamic assessment is recommended to
evaluate symptomatic response, exercise capacity, and the response of the mean mitral gradient and
pulmonary artery pressure (1-5).
Synopsis images and Doppler obtained immediately after stress,

Exercise testing with either Doppler echocardiography
or cardiac catheterization is important when the resting
hemodynamics do not match the clinical symptoms in
patients with rheumatic MS.

Recommendation-Specific Supportive Text

1. Exercise testing with hemodynamics is helpful in the
management of rheumatic MS when a patient’s symp-
toms seem significantly greater than or less than would
be expected from TTE. Results have been published in
which both exercise and dobutamine were used with
Doppler echocardiography, although
preferred in general as the more physiological test

exercise is

(1-6). Most experience is with treadmill exercise, with

but bicycle exercise allows data acquisition at various
stages of exercise. Bicycle exercise testing during car-
diac catheterization can also be performed for direct
measurements of pulmonary artery wedge pressure
and pulmonary pressures at rest and with exercise.
Simple functional capacity helps to quantify the pa-
tient’s symptoms. Changes in valve gradient should be
measured, as well as the estimated pulmonary artery
systolic pressure. If the patient cannot exercise,
increasing the heart rate with maneuvers such as leg
lifts or sit-ups may be useful.

6.2.2. Medical Therapy

Recommendations for Medical Therapy in Patients With Rheumatic MS

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS
1. In patients with rheumatic MS and 1) AF, 2) a prior embolic event, or 3) an LA thrombus, anticoagulation

1 c-LD with a VKA is indicated (1-7).
2. In patients with rheumatic MS and AF with a rapid ventricular response, heart rate control can be

2 Ly beneficial (8).
3. In patients with rheumatic MS in normal sinus rhythm with symptomatic resting or exertional sinus

23 tachycardia, heart rate control can be beneficial to manage symptoms (9-15).

Synopsis rhythm in the absence of tachycardia may result in chro-

In patients with rheumatic MS and AF, anticoagulation
decreases the incidence of thromboembolic events. Anti-
coagulation can also decrease the incidence of thrombo-
embolic events in patients with rheumatic MS if there has
been a prior embolic event or if an LA thrombus was
visualized. In symptomatic patients with MS who are in
normal sinus rhythm and have tachycardia, heart rate
control with beta blockers, calcium channel blockers, or
ivabradine will lengthen the diastolic filling period and
lower LA pressure. However, routine use of heart rate
control for patients with rheumatic MS in normal sinus

notropic incompetence, preventing an adequate cardiac
output response to exercise.

Recommendation-Specific Supportive Text

1. Patients with rheumatic MS with AF and prior embolic
events are at high risk of arterial embolization when AF
or an LA thrombus is present. Treatment with VKA
anticoagulation will decrease the incidence of these
events (3-7,16). It is controversial whether long-term
anticoagulation should be given to patients with rheu-
matic MS in normal sinus rhythm on the basis of LA
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enlargement or spontaneous contrast on TEE (17,18).
Patients with very large left atria have more sponta-
neous echocardiographic contrast and lower LA
appendage Doppler velocities (19), which have been
associated with a higher rate of embolic events, but no
data directly link large left atria to embolic events. Non-
vitamin K oral anticoagulation has not been studied in
patients with rheumatic MS, and these patients were
excluded from the randomized AF trials. In addition to
the much higher risk of embolization with rheumatic
valve disease as compared with other causes of valve
disease, there is concern that rheumatic disease also
affects the atrial muscle, resulting in an increased risk of
blood flow stasis and thrombosis in the body of the LA,
as well as the LA appendage (1). Further studies are
required to confirm these findings (2).

. Patients with rheumatic MS are prone to developing

atrial arrhythmias—specifically AF. Significant detri-
mental hemodynamic consequences may be associated
with the acute development of AF, primarily from the
rapid ventricular response, which shortens the dia-
stolic filling period and increases LA pressure (16). The
treatment of acute AF consists of anticoagulation and
control of the heart rate response with negative dro-
motropic agents. If the rate cannot be adequately
controlled with medications, cardioversion may be
necessary to improve hemodynamics. In the stable
patient, the decision for rate control versus rhythm
control is dependent on multiple factors, including the
duration of AF, hemodynamic response to AF, LA size,
prior episodes of AF, and history of embolic events. It is
more difficult to achieve rhythm control in patients
with rheumatic MS because the rheumatic process it-
self may lead to progressive fibrosis and enlargement

Recommendations for Intervention for Rheumatic MS

Referenced studies that support the recommendations are summarized in

COR

RECOMMENDATIONS
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of the atria, fibrosis of the internodal and interatrial
tracts, and damage to the sinoatrial node.

. The use of negative dromotropic agents for the treat-

ment of symptoms in patients with rheumatic MS in
normal sinus rhythm has been controversial. Although
a reduction in heart rate and prolongation of the dia-
stolic filling period will decrease the transmitral mean
gradient, studies have shown that treatment with beta
blockade may not improve or may even decrease ex-
ercise tolerance, most likely because of the limitation
of the cardiac output attributable to a limited stroke
volume and chronotropic incompetence (9-11). None-
theless, there are now several randomized trials that
have examined beta blockers and ivabradine in pa-
tients with rheumatic MS and have shown that either
drug can increase exercise duration and improve
symptoms (2-15), To explain these differences, the
earlier trials that found no benefit of beta blockers were
performed in older patients with underlying chrono-
tropic incompetence, whereas the randomized trials
showing benefit were performed primarily in younger
patients with higher resting and exercise-induced heart
rates. Thus, the use of beta blockers or ivabradine to
improve symptoms may be effective only in patients
who do not have underlying chronotropic incompe-
tence. When medical therapy is considered for relief of
symptoms in patients with rheumatic MS, it must be
remembered that intervention with PMBC relieves
symptoms in those patients with an appropriate valve
morphology.

6.2.3. Intervention

1. In symptomatic patients (NYHA class Il, Ill, or V) with severe rheumatic MS (mitral valve area <1.5 cm?,
Stage D) and favorable valve morphology with less than moderate (2+) MR* in the absence of LA
thrombus, PMBC is recommended if it can be performed at a Comprehensive Valve Center (1-12).

. In severely symptomatic patients (NYHA class IIl or IV) with severe rheumatic MS (mitral valve area <1.5
cm?, Stage D) who 1) are not candidates for PMBC, 2) have failed a previous PMBC, 3) require other
cardiac procedures, or 4) do not have access to PMBC, mitral valve surgery (repair, commissurotomy, or
valve replacement) is indicated (6,7,13).

2a

-
m
N

3. In asymptomatic patients with severe rheumatic MS (mitral valve area 1.5 cm?, Stage C) and favorable
valve morphology with less than 2+ MR in the absence of LA thrombus who have elevated pulmonary

pressures (pulmonary artery systolic pressure >50 mm Hg), PMBC is reasonable if it can be performed at a

Comprehensive Valve Center (14).

2b

4. In asymptomatic patients with severe rheumatic MS (mitral valve area =1.5 cm?, Stage C) and favorable

C-LD

valve morphology with less than 2-+/ MR* in the absence of LA thrombus who have new onset of AF,

PMBC may be considered if it can be performed at a Comprehensive Valve Center (15).
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(Continued)

5. In symptomatic patients (NYHA class II, Ill, or V) with rheumatic MS and an mitral valve area >1.5 cm?, if

2 il there is evidence of hemodynamically significant rheumatic MS on the basis of a pulmonary artery wedge
pressure >25 mm Hg or a mean mitral valve gradient >15 mm Hg during exercise, PMBC may be
considered if it can be performed at a Comprehensive Valve Center (16).
6. In severely symptomatic patients (NYHA class Ill or 1V) with severe rheumatic MS (mitral valve area <1.5
2b B-NR

cm?, Stage D) who have a suboptimal valve anatomy and who are not candidates for surgery or are at high
risk for surgery, PMBC may be considered if it can be performed at a Comprehensive Valve Center (17-19).

*2+ on a O to 4+ scale according to Sellar's criteria or less than moderate by Doppler echocardiography (20).

Synopsis

The optimal treatment of patients with rheumatic MS is
either PMBC or surgery (open or closed commissur-
otomy). Although these procedures can result in excellent
outcomes by splitting open fused commissures to relieve
stenosis, both the catheter-based and the surgical pro-
cedures require a high level of expertise and should be
performed at experienced centers. In the United States,
there has been a 7.5% decrease in the use of PMBC,
accompanied by a 15.9% increase in complication rate
(21). Excellent short- and long-term outcomes can be
achieved with surgical commissurotomy, but surgical
commissurotomy is not routinely or widely performed by
most surgeons in the United States. Thus, in the clinical
decision-making process for a patient with rheumatic MS,
it is essential to know the results of the available inter-
ventional procedures. Mitral valve replacement is an op-
tion for treatment only if there is no other option and the
patient has severe limiting symptoms (Figure 7).

Recommendation-Specific Supportive Text

1. Randomized trials have established the safety and ef-
ficacy of PMBC as compared with surgical closed or
open commissurotomy in patients with a favorable
valve morphology with less than 2+ MR in the absence
of LA thrombus (6,8-12). PMBC is performed by
advancing one or more balloon catheters across the
mitral valve and inflating them, thereby splitting the
commissures. Favorable valve morphology consists of
mobile and relatively thin valve leaflets, which are free
of calcium, in the absence of significant subvalvular
fusion (18,19,22,23). An anatomic mitral morphology
score can be used to determine suitability for PMBC
and to evaluate the appearance of the commissures
and degree of calcification (1,24,25). Clinical factors,
such as age, NYHA class, and presence or absence of
AF, are also predictive of outcome. Older patients with
lower gradients (<10 mm Hg) will not have as good an
outcome as patients with higher gradients, probably
because of other concomitant problems that cause
symptoms, such as LV diastolic dysfunction and LA

noncompliance, measured by net atrial-ventricular
compliance (26-30). PMBC should be performed only
by experienced operators, with immediate availability
of surgical backup for potential complications. Long-
term follow-up has shown 70% to 80% of patients
with an initial good result after PMBC to be free of
recurrent symptoms at 10 years, and 30% to 40% are
free of recurrent symptoms at 20 years (1-7).

. Mitral valve surgery is an established therapy for

rheumatic MS, with the preferred approach being
commissurotomy (either closed, where the valve is
opened blindly through the LA or LV, or open, which
allows more extensive surgery under direct visualiza-
tion) when anatomy is favorable (31-36). However, in
the presence of severe valvular thickening and sub-
valvular fibrosis with leaflet tethering, mitral valve
replacement may be the best option. In addition to
those who have suboptimal valve anatomy (or failed
PMBC), patients with moderate or severe TR may also
have a better outcome with a surgical approach that
includes tricuspid valve repair (37). Patients undergo-
ing surgical commissurotomy at centers with a high
level of expertise may have better long-term outcomes
than those undergoing PMBC (6,7). Because the natural
history of rheumatic MS is one of slow progression over
decades, surgery should be delayed until the patient
has severe limiting symptoms (NYHA class III or IV),
particularly if mitral valve repair is contemplated.

. Although most patients with rheumatic MS who are

asymptomatic will do well for years without interven-
tion, an elevation of pulmonary artery pressure is an
indication that there is progressive elevation of LA
pressure affecting the pulmonary circulation. An
elevated pulmonary pressure can be assessed by
Doppler echocardiography. Although there may be a
decrease in pulmonary pressure after relief of the
rheumatic MS (38), some patients will have developed
intrinsic pulmonary vascular disease, as evidenced by
a poorer long-term survival rate in patients who have
pulmonary hypertension before intervention (14,39).
An elevated pulmonary arterial resistance before
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FIGURE 7 Intervention for MS
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Severe MS Progressive MS
MVA <1.5 cm? MVA >1.5 cm?
\4 \ \ 4
Symptomatic Asymptomatic Exertional
Stage D stage C symptoms
\ 4 \4 \ 4
Pliable valve Severe Pliable valve Stress test
No clot symptoms No clot Hemodynamically
<2+ MR NYHA llI-IV <2+ MR significant MS
YES
\ 4 A4 \ \ 4
Surgical PASP Pliable valve
candidate >50 mm Hg New.AF No clot
<2+ MR
ves) L (wo)
\/
PMBC at
CvVC
(2a)
Colors correspond to Table 2. *Repair, commissurotomy, or valve replacement. AF indicates atrial fibrillation; CVC, Comprehensive Valve Center; MR, mitral
regurgitation; MS, mitral stenosis; MV, mitral valve; MVA, mitral valve area; NYHA, New York Heart Association; PASP, pulmonary artery systolic pressure;
and PMBC, percutaneous mitral balloon commissurotomy.

intervention is associated with RV dysfunction and TR
after the procedure (40-42). Thus, PMBC may prevent
the adverse consequences of irreversible pulmonary
hypertension if it can be performed with a high success
rate and low risk in patients who are developing pul-
monary hypertension. Correction of the MR before
irreversible changes occur can be curative. Thus, in
chronic primary MR, MR is the disease.

. The new onset of AF may be an indication for pro-
ceeding with PMBC in the asymptomatic patient with a
favorable valve morphology for several reasons. First,
AF may be the equivalent of symptom onset, signifying
that rheumatic MS is resulting in progressive LA dam-
age. Second, AF increases the risk of thromboembolic

events in patients with rheumatic MS. In addition, a
shortened diastolic filling interval with AF and a rapid
ventricular response further increase LV pressure.
Finally, the presence of AF is associated with worse
outcomes in patients with rheumatic MS and with
suboptimal results after PMBC (43). In theory, lowering
a high LA pressure after PMBC might be beneficial in
restoring normal sinus rhythm. Although there is no
randomized trial to prove the effectiveness of inter-
vening early, there is a documented improvement in P-
wave dispersion after PMBC, which may affect the
ability to restore normal sinus rhythm (15).

. Some patients have symptoms from rheumatic MS

even with a mitral valve area >1.5 cm® and a resting
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mean transmitral gradient <10 mm Hg. This may be
related to the variability and reliability of measuring a
mitral valve area by either planimetering a short-axis
image of the mitral valve or using a diastolic half-
time for indirect calculation of the mitral valve area.
There are also patients who have a relatively low
gradient at rest who generate a much higher gradient
with exercise, with symptoms developing from the
higher LA pressure. Thus, in these patients in whom
there is a discrepancy between the clinical symptoms
and the resting hemodynamics, exercise testing with
measurement of the mean transmitral gradient or the
direct pulmonary artery wedge, or both, is useful
(44-48). Patients who increase their gradients to
>15 mm Hg with exercise have been shown to improve
symptomatically after PMBC (16).

6. Both anatomic valve morphology and the presence
of commissural calcification predict successful
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PMBC. However, in all such series, this predictive
ability is not absolute, with 42% of patients with an
anatomic valve Wilkins morphology score >8
(22,23,31,32) having an optimal outcome (25% in-
crease in mitral valve area to >1.5 cm?) and 38% of
patients with commissural calcium having event-
free survival at 1.8 years (18,19,22,23). Accordingly,
severely symptomatic patients who are poor surgical
candidates may benefit from PMBC even with sub-
optimal valve anatomy (17). Patients who refuse
surgery may also be offered PMBC after discussion
about the potential complications associated with
this procedure when it is performed in patients
with suboptimal valve anatomy.

6.3. Nonrheumatic Calcific MS

e77

Recommendation for Nonrheumatic Calcific MS

COR LOE RECOMMENDATION
1. In severely symptomatic patients (NYHA class Il or IV) with severe MS (mitral valve area <1.5 cm?, Stage
2 (AL D) attributable to extensive mitral annular calcification, valve intervention may be considered only after
discussion of the high procedural risk and the individual patient's preferences and values (1-3).
Synopsis Recommendation-Specific Supportive Text

Although most MS in the world results from rheumatic
heart disease, calcific MS is found with increasing fre-
quency in the elderly population in high-income coun-
tries (2-10). Calcific MS is the result of calcification of the
mitral annulus that extends into the leaflet bases,
resulting both in narrowing of the annulus and rigidity of
the leaflets. In contrast to rheumatic MS, there is no
commissural fusion, and the leaflet tips are usually un-
affected. The progression of calcific MS is variable,
ranging from an increase of <1.0 to up to 9 mmHg per
year (9,11). The prognosis of this group of patients is poor,
with a 5-year survival rate <50%, most likely because of
advanced age and other comorbidities (4). Determination
of the severity of stenosis is difficult because of extensive
calcification, which prevents measurement of an accurate
planimetered area, and the significant abnormalities of
LA and LV compliance, which cause a high gradient in the
absence of severe obstruction (12-16). These patients are
at high risk with any intervention because of the exten-
sive calcification, as well as advanced age and multiple
comorbidities. Thus, in patients with calcific MS, the in-
dications for any intervention differ from those for
rheumatic MS, and intervention for calcific MS should be
performed only in the highly symptomatic patient. Non-
rheumatic MS can also be present after radiation therapy
and after a mitral valve repair with a small annuloplasty
ring.

1. Indications for intervention in patients with calcific MS
are different from those for rheumatic MS for the
following reasons. First, because calcification involves
the annulus and base of the leaflets without commis-
sural fusion, there is no role for PMBC or surgical com-
missurotomy. Second, the presence of severe mitral
annular calcification can be quite challenging for the
surgeon because of technically difficult in securely
attaching the prosthetic valve and placement of the
prosthetic valve may result in narrowing of the orifice
(17-22). Finally, patients with calcification are often
elderly and debilitated, have multiple comorbidities,
and are at high surgical risk (1-3). For these reasons,
intervention should be delayed until symptoms are
severely limiting and cannot be managed with diuresis
and heart rate control. Catheter-based therapies for
these high-surgical risk patients are being developed
and evaluated (23).

7. MITRAL REGURGITATION

7.1. Acute MR

Acute MR may be caused by disruption of different parts
of the mitral valve apparatus. IE may cause leaflet perfo-
ration or chordal rupture. Spontaneous chordal rupture
may occur in patients with myxomatous mitral valve
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Stage Definition Valve Anatomy Valve Hemodynamics * Hemodynamic Consequences Symptoms
A Atriskof MR @ Mild mitral valve prolapse with normal ® No MR jet or small central jet ® None ® None
coaptation area <20% LA on Doppler
B Mild valve thickening and leaflet ® Small vena contracta <0.3 cm
restriction
B Progressive m Moderate to severe mitral valve pro- ~ ® Central jet MR 20%-40% LA Mild LA enlargement m None
MR lapse with normal coaptation or late systolic eccentric jet No LV enlargement
B Rheumatic valve changes with leaflet R Normal pulmonary pressure
restriction and loss of central ® Vena contracta <0.7 cm
coaptation m Regurgitant volume <60 mL
B Prior |E m Regurgitant fraction <50%
m ERO <0.40 cm?
B Angiographic grade 1+ to 2+
c Asymptomatic g seyere mitral valve prolapse with loss of B Central jet MR >40% LA or Moderate or severe LA m None

severe MR

coaptation or flail leaflet

Rheumatic valve changes with leaflet
restriction and loss of central
coaptation

Prior IE

Thickening of leaflets with radiation
heart disease

holosystolic eccentric jet MR
Vena contracta =0.7 cm
Regurgitant volume =60 mL
Regurgitant fraction =50%
ERO =0.40 cm?
Angiographic grade 3+ to 4+

enlargement
LV enlargement

Pulmonary hypertension may
be present at rest or with
exercise

C1: LVEF >60% and
LVESD <40 mm

B (C2: LVEF =60% and/or
LVESD =40 mm

D Symptomatic  w gevere mitral valve prolapse with loss of W Central jet MR >40% LA or m  Moderate or severe LA m Decreased
severe MR coaptation or flail leaflet holosystolic eccentric jet MR enlargement exercise
®m Rheumatic valve changes with leaflet W Vena contracta =0.7 cm LV enlargement tolerance
restriction and loss of central ® Regurgitant volume =60 mL Pulmonary hypertension ® Exertional
coaptation ) ) —— dyspnea
o 5 B Regurgitant fraction =50% P
rior

m ERO =0.40 cm?

Thickening of leaflets with radiation
heart disease

Angiographic grade 3+ to 4+

*Several valve hemodynamic criteria are provided for assessment of MR severity, but not all criteria for each category will be present in each patient. Categorization of MR severity as
mild, moderate, or severe depends on data quality and integration of these parameters in conjunction with other clinical evidence.

ERO indicates effective regurgitant orifice; IE, infective endocarditis; LA, left atrium/atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; LVESD; left ventricular end-

systolic dimension; and MR, mitral regurgitation.

disease. Rupture of the papillary muscle occurs in pa-
tients who have an acute ST-segment-elevation myocar-
dial infarction, usually associated with an inferior
infarction. The acute volume overload on the LV and LA
results in pulmonary congestion and low forward cardiac
output (1-4). Diagnosis of the presence and etiology of
acute MR, along with urgent intervention, may be
lifesaving.

7.1.1. Diagnosis of Acute MR

In patients with acute MR, TTE is the initial imaging
modality of choice to evaluate LV function, RV function,
pulmonary artery pressure, and mechanism of MR. The
patient with severe acute MR, which might occur from
chordal rupture, usually experiences acute hemodynamic
decompensation. The sudden volume overload increases
LA and pulmonary venous pressures, leading to pulmo-
nary congestion and hypoxia, whereas decreased blood
delivery to the tissues with a concomitant decrease in LV
systolic pressure limits the pressure gradient, driving MR
to early systole. Thus, the murmur may be short and

unimpressive, as may be the color jet of MR by TTE. In the
presence of sudden acute and hemodynamic instability
after myocardial infarction, with hyperdynamic LV func-
tion by TTE and no other cause for the deterioration, TEE
can be especially helpful in detecting papillary muscle or
chordal rupture or valvular vegetations and annular ab-
scesses that may further accentuate the need for a more
urgent surgical approach (1).

7.1.2. Medical Therapy

Vasodilator therapy improves hemodynamic compensa-
tion in acute MR. The premise for use of vasodilators in
acute MR is a reduction in impedance of aortic flow,
thereby preferentially guiding flow away from the LV-to-
LA pathway, decreasing MR while simultaneously
increasing forward output to the LV-to-aortic pathway
(1,2). This is usually accomplished by infusion of an easily
titratable agent, such as sodium nitroprusside or nicardi-
pine. Use of vasodilators is often limited by systemic hy-
potension that is exacerbated when peripheral resistance
is decreased. Intra-aortic balloon counterpulsation can be
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helpful to treat acute severe MR. By lowering systolic
aortic pressure, intra-aortic balloon counterpulsation de-
creases LV afterload, increasing forward output while
decreasing regurgitant volume. Simultaneously, intra-
aortic balloon counterpulsation increases diastolic and
mean aortic pressures, thereby supporting the systemic
circulation. The use of a percutaneous circulatory assist
device may stabilize a patient with acute hemodynamic
compromise before the procedure.

7.1.3. Intervention

Prompt mitral valve surgery, preferably mitral repair if
possible, is lifesaving in the symptomatic patient with acute
severe primary MR. The severity of acute primary MR is
variable, and some patients with more moderate amounts of
MR may develop compensation as LV dilation allows for
lower filling pressure and increased forward cardiac output.
However, most patients with acute severe MR require surgi-
cal correction for reestablishment of normal hemodynamics
and for relief of symptoms (1-5). This is especially true for a
complete papillary muscle rupture that causes very severe
MR, which is poorly tolerated.

7.2. Chronic Primary MR
7.2.1. Stages of Chronic Primary MR

In assessing the patient with chronic MR, it is important to
distinguish between chronic primary (degenerative) MR
and chronic secondary (functional) MR, as these 2
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conditions have more differences than similarities. Pri-
mary MR is a disease of the mitral valve apparatus, and
secondary MR is a disease of the ventricle or atria. In
chronic primary MR, the pathology of =1 of the compo-
nents of the valve (leaflets, chordae tendineae, papillary
muscles, annulus) causes valve incompetence, with sys-
tolicregurgitation of blood from the LV to the LA (Table 17).
The most common cause of chronic primary MR in high-
income countries is mitral valve prolapse, which has a
wide spectrum of etiology and presentation. Younger
populations present with severe myxomatous degenera-
tion with gross redundancy of both anterior and posterior
leaflets and the chordal apparatus (Barlow’s valve). A
subset of these patients will present with ventricular ar-
rhythmias, mitral annular disjunction, and LV dilation.
Alternatively, older populations present with fibroelastic
deficiency disease, in which lack of connective tissue leads
to chordal rupture. The differentiation between these 2
etiologies may have implications for operative interven-
tion. Other less common causes of chronic primary MR
include IE, connective tissue disorders, rheumatic heart
disease, cleft mitral valve, and radiation heart disease. If
volume overload of chronic primary MR is prolonged and
severe, it causes myocardial damage, HF, and eventual
death. Correction of the MR before irreversible changes
occur can be curative.

7.2.2. Diagnosis and Follow-Up of Chronic Primary MR
7.2.2.1. Diagnostic Testing: Initial Diagnosis

Recommendations for Diagnostic Testing: Initial Diagnosis of Chronic MR

Referenced studies that support the recommendations are summarized in
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COR LOE RECOMMENDATIONS
1. In patients with known or suspected primary MR, TTE is indicated for baseline evaluation of LV size and
1 B:NR function, RV function, LA size, pulmonary artery pressure, and the mechanism and severity of primary MR
(Stages A to D) (1-5).
2. In patients with primary MR, when TTE provides insufficient or discordant information, TEE is indicated
L EEU for evaluation of the severity of MR, mechanism of MR, and status of LV function (Stages B to D).
3. In patients with primary MR, CMR is indicated to assess LV and RV volumes and function and may help
L B with assessing MR severity when there is a discrepancy between the findings on clinical assessment and
echocardiography (6-9).
4. In patients with severe primary MR undergoing mitral intervention, intraoperative TEE is indicated to
U B establish the anatomic basis for primary MR (Stages C and D) and to guide repair (10,11).
Synopsis Recommendation-Specific Supportive Text

TTE is the initial imaging modality for patients with
primary MR to look at valve morphology, severity of the
MR, and the status of the LV, with TEE, CMR, or cardiac
catheterization performed when insufficient or discordant
information is obtained from the TTE. A TEE should be
used to guide mitral valve interventions.

1. TTE images provide the diagnostic data needed for
clinical decision-making in chronic primary MR (1-5,12).
The outcome of the patient with chronic primary MR is
determined by lesion severity (5), symptomatic status
(13-15). the presence of LV dysfunction, and whether
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valve pathology is correctable by valve repair, which is
superior to valve replacement when repair is possible.
Usually only severe (not mild or moderate) MR leads to
negative sequelae (5,6). Favorable loading conditions
in MR increase LVEF but do not affect the extent of
shortening. Thus, a “normal” LVEF in MR is approxi-
mately 70%. The onset of LV dysfunction is inferred
when LVEF declines toward 60% or when the LV is
unable to contract to a diameter <40 mm at end systole
(16-18). Although chamber volumes may give more
information about cardiac remodeling (19), 2D volume
accuracy is variable in clinical practice. Determination
of MR severity is made by integrating all available data.
These data include measurements of the effective
orifice area, regurgitant volume, regurgitant fraction
(obtained by using the proximal isovelocity surface
area or quantitative Doppler flow measurements)
(1-3,5,20), color jet area, vena contracta, continuous-
wave Doppler intensity, and the transmitral jet
velocity curve. In mitral valve prolapse, MR may be
non-holosystolic (mid-late systole). Thus, careful
attention in assessing its severity is needed as conven-
tional color Doppler parameter may overestimate its
severity on a single image frame. Volumetric measure-
ments provide a better assessment in this situation (9).

. TEE provides excellent imaging of the mitral valve and

should be performed when TTE images are inadequate
to fulfill the goals of TTE noted previously. TEE is
especially useful in cases of MR attributable to IE
because TEE can provide information about other
potentially infected structures. TEE may allow more
precise quantitation of regurgitant severity and pro-
vide a better estimate of the likelihood of a successful
surgical valve repair than does TTE. Three-dimensional
TEE may be helpful in further visualizing the abnormal
mitral valve anatomy, offering a “surgical” view of the
valve. Mitral valve repair is preferable to valve
replacement because of a lower operative mortality
rate and avoidance of the complications inherent to
prosthetic valves. Although the final decision about
repair versus replacement is made in the operating
room, TEE can help predict surgical strategy before-
hand. Thus, if repair is likely, it might be performed
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earlier in the course of the disease than if replacement
is necessary.

. In most cases, TTE provides the data needed for

adequate cardiac evaluation of the patient with MR.
However, in cases where TTE image quality is poor,
CMR may be of value in MR evaluation. CMR produces
highly accurate data on LV volumes, RV volumes, and
LVEF, as well as an assessment of regurgitant fraction
for estimating MR severity (6-9). However, outcome
data on large numbers of patients have been derived
from echocardiography, and it is uncertain whether
CMR data can be used interchangeably with echocar-
diographic data in predicting outcomes. CMR is less
helpful in establishing mitral pathoanatomy.

. Intraoperative TEE is the standard for imaging during

MR surgery. Before the operative incision, TEE may
give the surgeon a better understanding of the valve
anatomy and type of repair that will likely be per-
formed, although this decision is ultimately made
when the valve is inspected visually (10,11). Three-
dimensional TEE (“surgical view”) may be helpful in
further visualizing the abnormal mitral valve anatomy.
Because anesthesia lessens afterload, preload, and
mitral valve closing force, decisions about severity of
MR should be evaluated at the same loading conditions
as occurred during the awake state. Intraoperative TEE
is especially helpful in gauging the adequacy of repair
(11). Because even mild residual MR after repair in-
creases the likelihood of later repair failure that would
necessitate reoperation (21), surgeons strive for near-
perfect operative repair. Adequacy of repair is judged
by TEE after physiological filling pressure and blood
pressure have been established. If more than trivial MR
is detected in the operating room after repair, repair
revision usually ensues. TEE also helps to diagnose
underfilling of the LV, which can lead to systolic
anterior leaflet motion with outflow obstruction and
unneeded repair. In those patients with primary severe
MR who are at high surgical risk, TEE is helpful in
determining the feasibility of transcatheter edge-to-
edge repair (22,23).

7.2.2.2. Diagnostic Testing: Changing Signs or Symptoms

Recommendation for Diagnostic Testing: Changing Signs or Symptoms in Patients With Primary MR

Referenced studies that support the recommendation are summarized in

COR

LOE RECOMMENDATION

1. In patients with primary MR (Stages B to D) and new-onset or changing symptoms, TTE is indicated to

B-NR

evaluate the mitral valve apparatus and LV function (1,2).
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Synopsis

A repeat TTE provides clinically relevant information
about patients who are being followed for primary MR
who develop new-onset symptoms.

Recommendation-Specific Supportive Text

1. The onset of symptoms in severe MR (dyspnea on
exertion, orthopnea, or declining exercise tolerance) is
an indication for mitral intervention even if LV function
is preserved (2). Symptoms are the culmination of the
pathophysiology of MR and may indicate changes in LV
or LA compliance; increase in pulmonary artery pres-
sure; decrease in RV function; or the coexistence of TR.
Therefore, symptoms add pathophysiological data not
readily available from imaging, if other confounding
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factors can be excluded. Furthermore, there is no evi-
dence that treatment with diuretics or other therapies
that might relieve symptoms changes the prognostic
effect of symptom onset. Once symptoms have occurred
and are caused by MR, mitral valve surgery will improve
the natural history even if medication has led to
improvement. Repeat TTE at the time of symptom onset
is indicated to confirm that symptoms are likely attrib-
utable to MR or its effect on the LV, which in turn sup-
ports surgical correction (1). The new onset of AF is also
an indication for repeat TTE to look for changes in
severity of MR and the status of the LV.

7.2.2.3. Diagnostic Testing: Routine Follow-Up

Recommendations for Diagnostic Testing: Routine Follow-Up for Chronic Primary MR

Referenced studies that support the recommendations are summarized in
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COR LOE RECOMMENDATIONS
1. For asymptomatic patients with severe primary MR (Stages B and C1), TTE is indicated every 6 to 12
U ENR months for surveillance of LV function (estimated by LVEF, LVEDD, and LVESD) and assessment of
pulmonary artery pressure (1-11).
2. In asymptomatic patients with severe primary MR (Stages B and C1), use of serum biomarkers and novel
ds R measurements of LV function, such as global longitudinal strain, may be considered as an adjunct to
guide timing of intervention (12-21).
Synopsis considerations, because regurgitation may worsen over

Asymptomatic patients with severe primary MR require
periodic TTE to determine optimal timing of intervention.
Biomarkers and other measures of LV function, such as
global longitudinal strain, may also be helpful to guide
intervention.

Recommendation-Specific Supportive Text

1. TTE provides valuable information for surveillance of
LV function (estimated by LVEF and LVESD) and pul-
monary artery pressure in asymptomatic patients with
severe primary MR (Stage C1) if performed every 6 to 12
months (1,2,4,5,7-11). Chronic severe MR is tolerated
poorly, reaching a trigger for surgery at an average rate
of about 8% per year (5,10). This progression varies
from patient to patient, and because prognosis worsens
if correction of MR is delayed beyond the onset of these
triggers, referral to a Comprehensive Valve Center for
early repair or careful surveillance is of value. Because
echocardiographic measurements are variable, man-
agement decisions that rest on these measurements
should be confirmed by repeat sequential TTE. In pa-
tients with milder chronic primary MR (Stages A and B),
TTE is indicated periodically to evaluate for changes in
MR severity, depending on valve anatomy and other

time. Because this process may develop slowly, MR can
become severe and even lead to LV dysfunction in the
absence of symptoms or clinical signs (Table 4) (3,6).

2. Symptom onset is a crucial demarcation point in the

natural history of MR and also a trigger for intervention.
Because symptoms develop gradually, patients may fail
to recognize or ignore symptoms. Natriuretic peptide
levels provide objective evidence in patients with
chronic severe MR, with elevated levels indicating
increased reliance on preload to maintain an adequate
forward cardiac output (12-18,20). Thus, serum natri-
uretic peptide levels may be helpful in making man-
agement decisions about intervention when other data
are conflicting. LVEF is used as a key determinant of LV
function in timing MR intervention. Unfortunately,
LVEF is load dependent and often overestimates LV
function in MR. Global longitudinal strain, although
also load dependent, appears more sensitive to LV
dysfunction in patients with chronic MR and, as such,
might give warning that LV function is declining before
LVEF becomes abnormal (15,16,19,21). Thus, novel
markers of LV systolic function, such as global longi-
tudinal strain, may be useful adjuncts in assessing LV
function in patients with chronic MR.
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7.2.2.4. Diagnostic Testing: Cardiac Catheterization

Left ventriculography and hemodynamic measurements
are useful when clinical assessment and noninvasive tests
are inconclusive or discordant with regard to 1) severity of
MR, 2) LV function, or 3) the need for surgery (1).
Noninvasive imaging is adequate for evaluation of MR in
most cases. However, invasive hemodynamic evaluation
may be necessary in some cases, especially when there is
a clinical discrepancy between symptomatic status and
noninvasive testing. Elevated filling pressures support a
cardiac cause of dyspnea and may indicate severely
abnormal pathophysiology even when the patient claims
to be asymptomatic. Conversely, a normal invasive he-
modynamic examination in a symptomatic patient with
what appears to be less than severe MR suggests a
noncardiac cause for the symptoms. Hemodynamic eval-
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uation can be especially helpful in patients with
concomitant lung disease. Normal LA (or pulmonary ar-
tery wedge) pressure and a large transpulmonary gradient
suggest pulmonary hypertension that is attributable to
lung disease rather than mitral valve disease. Left ven-
triculography may also be of diagnostic benefit. Whereas
echocardiographic-Doppler interrogation of the mitral
valve measures flow velocity, ventriculography uses the
density of contrast to determine the amount of blood flow
from the LV to the LA. Although only semiquantitative, a
carefully performed ventriculogram can help in quanti-
fying MR severity. Additional hemodynamic
terventions, such as exercise or leg raising, may be helpful
when the resting information is equivocal.

in-

7.2.2.5. Diagnostic Testing: Exercise Testing

Recommendation for Diagnostic Testing: Exercise Testing for Chronic Primary MR

Referenced studies that support the recommendation are summarized in

COR LOE RECOMMENDATION
1. In patients with primary MR (Stages B and C) and symptoms that might be attributable to MR, hemo-
& dynamic exercise testing using Doppler echocardiography or cardiac catheterization or cardiopulmonary
exercise testing is reasonable (1-4).
Synopsis consumption measurements during exercise. When pa-

In a subset of apparently asymptomatic patients with
severe primary MR, exercise testing with hemodynamics
can provide additional diagnostic and prognostic
information.

Recommendation-Specific Supportive Text

1. The onset of symptoms represents a key development in
severe MR. However, some patients may not recognize
their symptoms, may deny them, or may alter their
lifestyle to remain asymptomatic. A formal treadmill
exercise test can establish true exercise tolerance and
can also form the baseline for future symptom assess-
ment. Additional information about a cardiac or
noncardiac limitation can be obtained from oxygen

Recommendations for Medical Therapy for Chronic Primary MR

tients do complain of symptoms, they usually complain
of dyspnea with exertion, yet noninvasive evaluation is
usually made at rest. Exercise echocardiography or ex-
ercise invasive hemodynamics may add additional
prognostic value beyond conventional exercise tread-
mill testing in patients with asymptomatic moderate or
severe chronic primary MR (1-4). MR may worsen during
exercise, or filling pressures may become markedly
abnormal, helping to demonstrate MR as the cause of
the patient’s dyspnea (1-4).

7.2.3. Medical Therapy

Referenced studies that support the recommendations are summarized in

COR

RECOMMENDATIONS

-
I o
m

(1-3).

1. In symptomatic or asymptomatic patients with severe primary MR and LV systolic dysfunction (Stages C2
and D) in whom surgery is not possible or must be delayed, GDMT for systolic dysfunction is reasonable

2. In asymptomatic patients with primary MR and normal LV systolic function (Stages B and C1), vasodilator
therapy is not indicated if the patient is normotensive (4-8).



https://doi.org/10.1016/j.jacc.2020.11.018
https://doi.org/10.1016/j.jacc.2020.11.018

JACC VOL. 77, NO. 4, 2021
FEBRUARY 2, 2021:e25-197

Otto et al. e83
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

Synopsis
In patients with primary MR, there is no convincing
evidence that vasodilator therapy reduces MR severity.

compared with those not taking these medications (3).
ACE inhibition has not been effective in experimental
MR with LV dysfunction. Because aldosterone antago-
However, GDMT for LV systolic dysfunction or systemic
hypertension should be implemented as in any patient

nism is thought to work in part by inhibiting fibrosis, its
role in MR, where little fibrosis occurs, is unclear.

Recommendation-Specific Supportive Text

1. Patients with MR and LV dysfunction experience

myocardial damage and HF. With onset of LV systolic
dysfunction, surgery is usually indicated. However, in
those patients in whom surgery (or transcatheter
repair) is not performed or will be delayed, medical
therapy for systolic dysfunction may be helpful to treat
the LV dysfunction alone. Although data specific to
patients with MR with LV dysfunction are sparse,
treatment of such patients would consist of the stan-
dard regimen for HF, including beta-adrenergic
blockade, ACE inhibitors or ARBs, and possibly aldo-
sterone antagonists (1-3). Perhaps the best data exist
for the use of beta blockers (1), which reverse LV
dysfunction in experimental MR (2). Patients who are

with these conditions. 2. Because vasodilator therapy appears to be effective in

acute severe symptomatic MR, it seems reasonable to
attempt afterload reduction in chronic asymptomatic
MR with normal LV function in an effort to forestall the
need for surgery. However, the results from the limited
number of trials addressing this therapy have been
disappointing, demonstrating little or no clinically
important benefit (4-8). Conversely, because vasodi-
lators decrease LV size and mitral closing force, they
may increase mitral valve prolapse, worsening rather
than decreasing severity of MR (6). The foregoing does
not apply to patients with concomitant hypertension.
Hypertension must be treated because of the well-
known morbidity and mortality associated with that
condition and because increased LV systolic pressure
by itself increases the systolic transmitral gradient and
worsens severity of MR.

receiving beta blockers may have better surgical out-

comes and delayed onset of LV dysfunction as 7.2.4. Intervention

Recommendations for Intervention for Chronic Primary MR

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. In symptomatic patients with severe primary MR (Stage D), mitral valve intervention is recommended
irrespective of LV systolic function (1,2).

2. In asymptomatic patients with severe primary MR and LV systolic dysfunction (LVEF <60%, LVESD 240
mm) (Stage C2), mitral valve surgery is recommended (3-10).

. In patients with severe primary MR for whom surgery is indicated, mitral valve repair is recommended in
preference to mitral valve replacement when the anatomic cause of MR is degenerative disease, if a
successful and durable repair is possible (11-15).

4. In asymptomatic patients with severe primary MR and normal LV systolic function (LVEF 260% and
LVESD <40 mm) (Stage C1), mitral valve repair is reasonable when the likelihood of a successful and
durable repair without residual MR is >95% with an expected mortality rate of <1%, when it can be
performed at a Primary or Comprehensive Valve Center (4,13,16).

2a

w

5. In asymptomatic patients with severe primary MR and normal LV systolic function (LVEF >60% and
LVESD <40 mm) (Stage C1) but with a progressive increase in LV size or decrease in EF on >3 serial
imaging studies, mitral valve surgery may be considered irrespective of the probability of a successful and
durable repair (16).

2b C-LD

. In severely symptomatic patients (NYHA class Il or IV) with primary severe MR and high or prohibitive
surgical risk, transcatheter edge-to-edge repair (TEER) is reasonable if mitral valve anatomy is favorable
for the repair procedure and patient life expectancy is at least 1 year (17,18).

2a

(o))
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7. In symptomatic patients with severe primary MR attributable to rheumatic valve disease, mitral valve
repair may be considered at a Comprehensive Valve Center by an experienced team when surgical

treatment is indicated, if a durable and successful repair is likely (19).

8. In patients with severe primary MR where leaflet pathology is limited to less than one half the posterior
leaflet, mitral valve replacement should not be performed unless mitral valve repair has been attempted
at a Primary or Comprehensive Valve Center and was unsuccessful (11-14,20-22).

Synopsis

Anterior and/or bileaflet primary mitral valve disease
requires a complex and extensive repair (20,23-26), and
durability of the repair is less certain than for simple
posterior leaflet intervention. Freedom from reoperation
is approximately 80%, and freedom from recurrent mod-
erate or severe MR is 60% at 15 to 20 years in complex
cases. These results are superior to the results of mitral
valve replacement if the repair is performed at high-
volume valve surgery centers (27-29), even in elderly
patients (30,31). Repair should also be attempted, if
possible, with other causes of severe MR, such as papillary
muscle rupture, IE, and cleft mitral valve. However, the
results of very complex repair in younger patients may be
matched by the results of durable mechanical mitral valve
replacement with careful management of anti-
coagulation. The Heart Valve Team should assign com-
plex repairs to experienced mitral valve surgeons with
established excellent operative and long-term outcomes.
The probability of mitral valve repair rather than mitral
valve replacement and overall outcome correlate with
surgeon-specific mitral volumes (21,27). The hospital
mortality rate is 50% lower, on average, in the highest-
volume hospitals that perform 50 repairs per year. How-
ever, some low-volume hospitals outperform the median
high-volume hospitals. This overlap suggests that hospi-
tal- or surgeon-specific volumes should not be used as a
surrogate for actual surgeon-specific repair rates and
outcomes (Figure 8). The management of patients with
combined severe primary MR and AS is discussed in the
Mixed Valve Disease section (Section 10.2.2).

Recommendation-Specific Supportive Text

1. Primary MR is a mechanical problem of the leaflet
coaptation that has only a mechanical solution—that of
mitral valve mechanical intervention. The onset of
symptoms that results from severe MR worsens prog-
nosis even when LV function appears to be normal,
(1,2) and the negative prognosis extends even to mild
symptoms (2). Thus, the onset of symptoms is an
indication for prompt mitral valve surgery.

2. The goal of therapy in MR is to correct it before the
onset of LV systolic dysfunction and its subsequent

adverse effect on patient outcomes. The ideal time for
mitral valve surgery is when the patient’s LV ap-
proaches but has not yet reached the parameters that
indicate systolic dysfunction (LVEF =60% or
LVESD =40 mm) (3-7,16). Because symptoms do not
always coincide with LV dysfunction, imaging sur-
veillance is used to plan surgery before severe
dysfunction has occurred. If moderate LV dysfunction
is already present, prognosis is worse after mitral valve
operation (5-7,9,10,16). Thus, further delay (although
symptoms are absent) will lead to greater LV dysfunc-
tion and a still worse prognosis. Because the loading
conditions in MR allow continued late ejection into a
lower-impedance LA, a higher cutoff for “normal”
LVEF is used in MR than in other types of heart disease.
Although it is clearly inadvisable to allow patients’ LV
function to deteriorate beyond the benchmarks of an
LVEF =60% or LVESD =40 mm, some recovery of LV
function can still occur even if these thresholds have
been crossed (5,32).

. Repair success increases with surgical volume and

expertise, which is a principle guiding surgical referral
(21,27). However, mitral valve replacement is prefer-
able to a poor repair. The results of a minimally inva-
sive approach may be similar to those of a full median
sternotomy if the minimally invasive operation is
performed by highly experienced surgeons (33-38).
When leaflet dysfunction is limited so that only
annuloplasty and repair of the posterior leaflet are
necessary, an operative mortality rate of <1%, long-
term survival rate equivalent to that of the age-
matched general population, approximately 95%
freedom from reoperation, and >80% freedom from
recurrent moderate or severe MR at 15 to 20 years after
operation are expected (23,24,39,40).

. The onset of symptoms, LV dysfunction, or pulmonary

hypertension worsens the prognosis for MR. Careful
surveillance may result in timing of valve surgery
before these negative sequelae occur. However, an
attractive alternative strategy for treating severe
chronic primary MR is to perform early mitral repair
before these triggers are reached. Early mitral repair
avoids the need for intensive surveillance and also
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FIGURE 8 Primary MR

Primary Mitral
Regurgitation

4

Severe MR (VC 20.7 cm,

\ 4

RVol 260 mL, RF 250%,

ERO 20.40 cm?)

v

Symptoms due to MR No symptoms due to MR
(Stage D) (Stage C)
(regardless of LV
function) |
LV systolic dysfunction Normal LV systolic
(Stage C2) function (Stage C1)
(LVEF £60% or (LVEF >60% or
ESD 240 mm) ESD <40 mm)
High or prohibitive ‘
surgical risk with
anatomy favorable + *
Zc:ptroaancshczmeﬁ: Expected surgical Progressive
mortality <1% with increase in LV
expectancy >1y >95% likelihood of size or decrease
* successful and durable in LVEF on at
i ir without residual least 3 studies
Degeggratlve My Rheumatic MV disease repairwi Mo; SRS
isease

Successful and durable
repair possible

Successful and durable
repair possible

YES

\J
Transcatheter
edge-to-edge MV
repair (2a)

MV repair at primary
or CVC (2a)

Colors correspond to Table 2. *See Prosthetic Valve section (11.1.2) for choice of mitral valve replacement if mitral valve repair is not possible. CVC indicates

Comprehensive Valve Center; ERO, effective regurgitant orifice; ESD, end-systolic dimension; LVEF, ejection fraction; MR, mitral regurgitation; MV, mitral valve; MVR,

mitral valve replacement; RF, regurgitant fraction; RVol, regurgitant volume; and VC, vena contracta.

obviates the possibility that patients might become lost
to follow-up or delay seeing their clinician until
advanced LV dysfunction has already ensued
(4,13,16,22). For the early mitral repair strategy to be
effective, a durable repair must be provided. An un-
wanted valve replacement and its attendant risks, or a
failed repair necessitating reoperation, could be a
complication of this approach. Thus, there must be a
high degree of certainty that a durable repair can be
performed. This certainty comes from the track record
of the surgical team in operating on the specific type of
lesion under consideration. Thus, asymptomatic pa-
tients should be treated in a Comprehensive Valve

Center (21,24,27-29). In excellent hands, patients with
severe MR from flail leaflets who undergo early oper-
ation as opposed to watchful waiting have a lower risk
of developing HF and lower mortality rates (4,13,15).

. MR may lead to progressively more severe MR as the

initial level of MR causes LV dilation, which increases
stress on the mitral apparatus, causing further damage
to the valve apparatus, more severe MR, and further LV
dilation—thus initiating a perpetual cycle of ever-
increasing LV volumes and MR. Longstanding volume
overload leads to irreversible LV dysfunction and a
poorer prognosis. Patients with severe MR who
develop an LVEF <60% or LVESD =40 mm have
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already developed LV systolic dysfunction (5,6). One
study has suggested that for LV function and size to
return to normal after mitral valve repair, the LVEF
should be >64% and LVESD <37 mm (16). Thus,
when longitudinal follow-up demonstrates a pro-
gressive decrease of LVEF toward 60% or a progres-
sive increase in LVESD approaching 40 mm, it is
reasonable to consider intervention (41). In severe
MR, TTE is recommended at 3- to 6-month intervals
or more frequently as the ventricle enlarges.

6. Mitral transcatheter edge-to-edge repair (TEER) with
the anterior and posterior leaflets clipped together
at =1 locations is safe and effective in treating severely
symptomatic patients with primary MR who are at high
or prohibitive surgical risk (17,18,42). Studies of TEER
with a mitral valve clip have demonstrated improved
symptoms and a reduction in MR by 2 to 3 grades,
leading to reverse remodeling of the LV. Superior
outcomes were shown with surgery versus TEER, and
thus it is only the patients who are at high or prohibi-
tive risk for surgery for whom TEER is performed.

7. Rheumatic mitral valve disease is less suitable for
mitral repair compared with complex degenerative
disease. Durability of the repair is limited by thick-
ened or calcified leaflets, extensive subvalvular dis-
ease with chordal fusion and shortening, and
progression of rheumatic disease. Freedom from
reoperation at 20 years, even in experienced hands,
is in the 50% to 60% range. In a large series from
Korea, repair was accomplished in 22% of patients
operated on for rheumatic disease (19). One-third of
these patients who underwent repair had significant
stenosis or regurgitation at 10 years. Repair of rheu-
matic mitral valve disease should be limited to pa-
tients with less advanced disease in whom a durable
repair can be accomplished or to patients in whom a
mechanical prosthesis cannot be used because of
anticoagulation management concerns (43).

8. Mitral valve repair is the procedure of choice for
isolated severe primary MR limited to less than one-
half of the posterior leaflet, and mitral valve
replacement is inappropriate unless mitral valve
repair has been attempted and was unsuccessful (11-
14,21,22). Surgical repair of primary MR has been
remarkably successful. Repair of isolated degenera-
tive mitral disease, when leaflet dysfunction is suf-
ficiently limited that only annuloplasty and repair of
the posterior leaflet are necessary, has led to out-
comes distinctly superior to those with biological or
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mechanical mitral valve replacement (11-14). Repair
is associated with an operative mortality rate of <1%,
long-term survival rate equivalent to that of age-
matched general population, approximately 95%
freedom from reoperation, and >80% freedom from
recurrent moderate or severe (=3) MR at 15 to
20 years after surgery (15,39). As much as one-half
of the posterior leaflet may be excised, plicated,
or resuspended. Posterior leaflet repair has become
sufficiently standardized in this situation so that
repair, rather than mitral valve replacement, is the
standard of care. Execution of this procedure with a
success rate =95% should be the expectation of every
cardiac surgeon who performs mitral valve
procedures.

7.3. Chronic Secondary MR
7.3.1. Stages of Chronic Secondary MR

In chronic secondary MR, the mitral valve leaflets and
chords usually are normal or minimally thickened.
Instead, MR is associated with severe LV dysfunction
caused by CAD (ischemic chronic secondary MR) or idio-
pathic myocardial disease (nonischemic chronic second-
ary MR). The abnormal and dilated LV causes papillary
muscle displacement, which in turn results in leaflet
tethering with associated annular dilation that prevents
adequate leaflet coaptation. Secondary MR may also
develop because of LA dilation and enlargement of the
mitral annulus, which often occurs with AF and other
cardiomyopathies. There are instances in which both
primary and secondary MR are present. The best therapy
for chronic secondary MR is not clear because MR is only
one component of the disease, and restoration of mitral
valve competence is not curative. The optimal criteria for
defining severe secondary MR have been controversial.
Compared with primary MR, adverse outcomes in sec-
ondary MR are associated with a smaller calculated ERO;
the severity of secondary MR may increase over time
because of adverse remodeling of the LV or mitral
annulus; and Doppler methods for calculations of ERO
area by the flow convergence method may underestimate
severity because of the crescentic shape of the regurgitant
orifice (1,2). Even so, on the basis of the criteria used for
determination of “severe” MR in RCTs of surgical inter-
vention for secondary MR (3-6), the recommended defi-
nition of severe secondary MR is now the same as for
primary MR (ERO =0.4 cm? and regurgitant volume =60
mL) (Table 18).
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Valve
Stage Definition Valve Anatomy Hemodynamics* Associated Cardiac Findings Symptoms
A Atrisk of MR Normal valve leaflets, ® No MR jet or ® Normal or mildly dilated LV size ® Symptoms attributable to coronary
chords, and annulus in a small central jet with fixed (infarction) or induc- ischemia or HF may be present that
patient with CAD or area <20% LA on ible (ischemia) regional wall respond to revascularization and
cardiomyopathy Doppler motion abnormalities appropriate medical therapy
m Small vena B Primary myocardial disease with
contracta <0.30 LV dilation and systolic
cm dysfunction
B Progressive m Regional wall motion ab- ERO <0.40 cm?t m Regional wall motion abnormal- ® Symptoms attributable to coronary
MR normalities with mild Regurgitant ities with reduced LV systolic ischemia or HF may be present that
tethering of mitral leaflet volume <60 mL function respond to revascularization and
® Annular dilation with mild g pegurgitant m LV dilation and systolic appropriate medical therapy
loss of central coaptation fraction <50% dysfunction attributable to pri-
of the mitral leaflets mary myocardial disease
¢ Asymptomatic w Regional wall motion ab- ERO =0.40 cm?f W Regional wall motion abnormal- ® Symptoms attributable to coronary
severe MR normalities and/or LV Regurgitant ities with reduced LV systolic ischemia or HF may be present that
dilation with severe teth- volume =60 mL function respond to revascularization and
ering of mitral leaflet ® Regurgitant ® LV dilation and systolic appropriate medical therapy
® Annular dilation with se- fraction =50% dysfunction attributable to pri-
vere loss of central coap- mary myocardial disease
tation of the mitral
leaflets
D Symptomatic g Regional wall motion ab- W ERO =0.40 cm?f W Regional wall motion abnormal- W HF symptoms attributable to MR
severe MR normalities and/or LV ® Regurgitant ities with reduced LV systolic persist even after revascularization and
dilation with severe teth- volume =60 mL # function optimization of medical therapy
ering of mitral leaflet - m LV dilation and systolic m Decreased exercise tolerance

® Annular dilation with se-
vere loss of central coap-
tation of the mitral
leaflets

Regurgitant
fraction =50%

dysfunction attributable to pri-
mary myocardial disease

B Exertional dyspnea

*Several valve hemodynamic criteria are provided for assessment of MR severity, but not all criteria for each category will be present in each patient. Categorization of MR severity as

mild, moderate, or severe depends on data quality and integration of these parameters in conjunction with other clinical evidence.

tThe measurement of the proximal isovelocity surface area by 2D TTE in patients with secondary MR underestimates the true ERO because of the crescentic shape of the proximal

convergence.
$May be lower in low-flow states.

2D indicates 2-dimensional; CAD, coronary artery disease; ERO, effective regurgitant orifice; HF, heart failure; LA, left atrium; LV, left ventricular; MR, mitral regurgitation; and TTE,

transthoracic echocardiogram.

7.3.2. Diagnosis of Chronic Secondary MR

Recommendations for Diagnosis of Secondary MR

Referenced studies that support the recommendations are summarized in

e87

COR LOE RECOMMENDATIONS
1. In patients with chronic secondary MR (Stages B to D), TTE is useful to establish the etiology and to assess
0 BB the extent of regional and global LV remodeling and systolic dysfunction, severity of MR, and magnitude
of pulmonary hypertension. (1,2)
2. In patients with chronic secondary MR (Stages B to D), noninvasive imaging (stress nuclear/PET, CMR, or
0 D stress echocardiography), coronary CT angiography, or coronary arteriography is useful to establish
etiology of MR and to assess myocardial viability.
3. In patients with chronic secondary MR with severe symptoms (Stage D) that are unresponsive to GDMT
L IR who are being considered for transcatheter mitral valve interventions, TEE is indicated to determine
suitability for the procedure (3-8).
4. In patients with chronic secondary MR undergoing transcatheter mitral valve intervention, intra-
1 C-EO

procedural guidance with TEE is recommended (4,7,9-13).
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Synopsis
In symptomatic patients with chronic secondary MR,
TTE is the initial diagnostic modality. Assessment of the

LVEF <35% who underwent CABG plus GDMT as
compared with those randomized to GDMT alone. CT
angiography is usually adequate to rule out significant
CAD and thus rule out ischemic MR. If CAD is detected
and noninvasive testing demonstrates areas of
viability, coronary arteriography is pursued to better
define the anatomy for potential revascularization
(14,15). Although the presence of myocardial viability

coronary anatomy and myocardial viability may be help-
ful in management if ischemic MR is suspected. If trans-
catheter mitral valve intervention is contemplated, TEE
determines suitability for the procedure and guides the
procedure (1).

did not determine the effect of revascularization on
survival in the STICH trial, there is a subset of patients
with viable myocardium in whom the ischemic MR will

Recommendation-Specific Supportive Text

1. TTE is essential in patients with MR to identify patients

with primary MR and those with secondary forms of
MR. In general, in patients with LV systolic dysfunc-
tion and symptoms of HF, the presence of chronic
secondary MR of any severity is associated with a
worse prognosis than that seen in the absence of MR.
Most patients with secondary MR have global LV
dysfunction, but in some patients, a limited but stra-
tegically placed wall motion abnormality may also
cause chronic secondary MR. An initial TTE helps
establish the cause of chronic secondary MR and also
serves as a baseline for future comparisons. In patients
with secondary MR, severe MR is defined as an
ERO =40 mm?, but outcome studies have shown poor
prognosis in those with moderate MR (ERO =20 mm?)
(1,2).

. Prognosis is poor for both ischemic and nonischemic

MR, but ischemic MR lends itself to the possibility of
revascularization and potential improvement in LV
function if CAD has led to large areas of hibernating
viable myocardium. Long-term results of the STICH
(Surgical Treatment for Ischemic Heart Failure) trial
demonstrated an improved 10-year survival rate in
patients  with ischemic cardiomyopathy and

respond to revascularization (16-18).

. Clinical trials have identified anatomic considerations,

detectable by TEE, that can identify patients with
secondary MR who have a valve morphology amenable
to TEER. In the COAPT (Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy for
Heart Failure Patients with Functional Mitral Regurgi-
tation) trial of patients with secondary MR and HF,
exclusion criteria included vertical coaptation
length <2 mm in valves with leaflet tethering, evidence
of calcification in the grasping area of the A2 or P2
scallops, presence of a significant cleft of A2 or P2
scallops, and lack of both primary and secondary
chordal support. These are similar criteria to the earlier
EVEREST trial. TEE is standard preprocedural imaging
to determine suitability for TEER (3-8).

. During mitral TEER, TEE assists in guiding positioning

of the clip(s), assessing success of the procedure,
determining whether more than a single clip is neces-
sary to reduce MR, and assuring that the clip(s) has not
created MS (4,7,9-13).

7.3.3. Medical Therapy

Recommendations for Medical Therapy for Secondary MR

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS
1. Patients with chronic severe secondary MR (Stages C and D) and HF with reduced LVEF should receive
i standard GDMT for HF, including ACE inhibitors, ARBs, beta blockers, aldosterone antagonists, and/or
sacubitril/valsartan, and biventricular pacing as indicated (1-11).
2. In patients with chronic severe secondary MR and HF with reduced LVEF, a cardiologist expert in the
i CED management of patients with HF and LV systolic dysfunction should be the primary MDT member
responsible for implementing and monitoring optimal GDMT (9,12).
Synopsis forms the mainstay of therapy. Diuretics, beta blockers,

GDMT for HF with reduced LVEF in patients with severe
secondary MR should be provided, in conjunction with a
cardiology expert, in the management of HF.

ACE inhibitors or ARBs, and aldosterone antagonists
help improve symptoms and/or prolong life in patients
with HF in general and probably do so even when HF is
complicated by chronic secondary MR. GDMT can
reduce LV volumes (reverse remodeling) in many pa-

Recommendation-Specific Supportive Text

1. Chronic secondary MR usually develops as a result of
LV systolic dysfunction. Thus, standard GDMT for HF

tients, which reduces severity of secondary MR (1-11).
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2. Secondary MR is often responsive to GDMT (including
coronary revascularization or cardiac resynchroniza-
tion therapy in appropriate patients). Optimization of
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symptoms are truly refractory to GDMT before de-
cisions are made for surgical or transcatheter treatment
(9,12).

e89

GDMT should be under the supervision of a cardiologist
expert in the treatment of patients with HF to achieve
optimal results and to determine with the MDT when

7.3.4. Intervention

Recommendations for Intervention for Secondary MR

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. In patients with chronic severe secondary MR related to LV systolic dysfunction (LVEF <50%) who have
persistent symptoms (NYHA class II, Ill, or IV) while on optimal GDMT for HF (Stage D), TEER is reasonable
in patients with appropriate anatomy as defined on TEE and with LVEF between 20% and 50%,

LVESD <70 mm, and pulmonary artery systolic pressure <70 mm Hg (1-8).

2a

2. In patients with severe secondary MR (Stages C and D), mitral valve surgery is reasonable when CABG is

2a undertaken for the treatment of myocardial ischemia (9-15).

. In patients with chronic severe secondary MR from atrial annular dilation with preserved LV systolic
function (LVEF 250%) who have severe persistent symptoms (NYHA class Il or IV) despite therapy for HF
and therapy for associated AF or other comorbidities (Stage D), mitral valve surgery may be considered
(16-20).

2b

4. In patients with chronic severe secondary MR related to LV systolic dysfunction (LVEF <50%) who have
persistent severe symptoms (NYHA class Ill or 1V) while on optimal GDMT for HF (Stage D), mitral valve
surgery may be considered (9,12,21-43).

2b

5. In patients with CAD and chronic severe secondary MR related to LV systolic dysfunction (LVEF <50%)
(Stage D) who are undergoing mitral valve surgery because of severe symptoms (NYHA class Ill or 1V) that
persist despite GDMT for HF, chordal-sparing mitral valve replacement may be reasonable to choose over

2b

w

downsized annuloplasty repair (9,12,21-32,44-47).

Synopsis

Mitral TEER is indicated to improve symptoms and
prolong life in a select subset of patients with chronic
severe secondary MR, LV systolic dysfunction, and
persistent severe symptoms while on optimal GDMT.
Surgery may improve symptoms in these patients, with
mitral valve replacement preferred over repair. A subset of
patients with severe MR attributable to AF may benefit
from mitral valve surgery and concomitant atrial maze
procedure (Figure 9).

Recommendation-Specific Supportive Text

1. The COAPT trial of transcatheter treatment of second-
ary MR demonstrated improvement in survival, hospi-
talization, symptoms, and quality of life in patients
with persistent symptoms despite optimization of
GDMT who were randomized to TEER, as compared
with those randomized to continued GDMT. In contrast,
MITRA-FR (Multicentre Randomized Study of Percuta-
neous Mitral Valve Repair MitraClip Device in Patients
With Severe Secondary Mitral Regurgitation) enrolled

patients with greater degrees of LV enlargement and
less severe MR (mean ERO area 0.31 cm?® versus 0.41
cm?) and reported no benefit of TEER in reducing the
composite endpoint of death or hospitalization as
compared with medical therapy. In addition, the in-
clusion criterion in MITRA-FR of an LVESD up to 70 mm
represents extreme dilation; in contrast, in the COAPT
trial, the mean LVESD was smaller (52+9 mm), and even
the LVEDD rarely exceeded 70 mm (mean 62+7 mm).
Thus, the enrollment criteria in COAPT trial (LVEF
between 20% and 50%, LVESD =70 mm, pulmonary
artery systolic pressure =70 mmHg, and persistent
symptoms [NYHA class II, III, or IV] while on optimal
GDMT) are the current standard selection criteria for
TEER for secondary MR. Observational studies have
suggested that a greater reduction in MR severity
with TEER is associated with greater LV and LA
reverse remodeling. (1-8,48,49) The exact anatomy
and mechanism of MR also needs to be taken into
consideration when determining candidacy for trans-
catheter repair.
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FIGURE 9 Secondary MR

Secondary Mitral
Regurgitation

Severe MR Stage D Undergoin,
(RVol 260 mL, RF 250%, (:Age =
ERO 20.40 cm?)
 / A
LVEF 250% LVEF <50%
A4
Severe Persistent
persistent
symptoms on syrpptclaglet\),Ir]r
optimal GDMT optima
and AF Rx ¢
Mitral anatomy
favorable Severe
LVEF 20%-50% symptoms
LVESD <70 mm
PASP <70 mm Hg
\J
Transcatheter *
edge-to-edge MV i i;n;g)ery
repair (2a)

Colors correspond to Table 2. *Chordal-sparing MV replacement may be reasonable to choose over downsized annuloplasty repair. AF indicates atrial
fibrillation; CABG, coronary artery bypass graft; ERO, effective regurgitant orifice; GDMT, guideline-directed management and therapy; HF, heart failure;
LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; MR, mitral regurgitation; MV, mitral valve; PASP, pulmonary artery
systolic pressure; RF, regurgitant fraction; RVol, regurgitant volume; and Rx, medication.

. There is no proof that surgical correction of chronic
secondary MR is effective in prolonging life, but
observational studies and a substudy of the random-
ized STICH trial suggest that it is wise to address the
mitral valve during CABG for severe CAD when sec-
ondary MR is severe. Although it may be hoped that the
revascularization will recruit hibernating myocardium
and reduce chronic secondary MR, this has not been
demonstrated, and failing to correct chronic severe
secondary MR may leave the patient with severe

residual MR. The risks and benefits of additional sur-
gical interventions should be weighed in patients with
LV systolic dysfunction (9-13). For patients with sec-
ondary MR undergoing operation for other valve dis-
ease, see Section 10.2 (Timing of Intervention for
Mixed Valve Disease).

3. MR may develop in patients with preserved LV systolic

function who have progressive LA dilation, leading to
enlargement of the mitral annulus and malcoaptation
of the leaflets (51,52). This may arise in conditions such



JACC VOL. 77, NO. 4, 2021
FEBRUARY 2, 2021:e25-197

as HF with preserved LVEF, restrictive cardiomyopathy,
and nonobstructive hypertrophic cardiomyopathy.
These patients often have associated AF, which may
contribute to the progression of LA and annular dilation,
thus increasing the severity of MR (18,53), and success-
ful ablation of AF may reduce or eliminate MR (53).
Isolated annular dilation accounts for <20% of patients
referred for surgery of severe MR in the STS database,
but it is also the etiology with the highest mitral valve
repair rates (85%) (16,17). The limited data addressing
mitral valve repair in patients with annular dilation
related to AF indicate low operative risk (18-20).

4. There is limited evidence that mitral valve surgery
improves survival in symptomatic patients with sec-
ondary MR. In addition, surgery may improve symp-
toms and quality of life in these patients whose
symptoms persist despite GDMT. Small RCTs demon-
strate that mitral valve surgery reduces chamber size
and improves peak oxygen consumption in chronic
severe secondary MR. Ischemic or dilated cardiomy-
opathy presents different challenges for mitral repair.
Regurgitation is caused by annular dilation, as well as
by apical and lateral displacement of the papillary
muscles. New techniques have facilitated mitral repair
in this situation, but durability of the repair is depen-
dent primarily on regression or progression of ven-
tricular dilation. If the heart continues to dilate, long-
term durability of the repair is moot; the survival of
the patient is limited (9,12,21-43).

5. In an RCT of mitral valve repair versus mitral valve
replacement in patients with severe ischemic MR, there
was no difference between repair and mitral valve
replacement in survival rate or LV remodeling at 2 years.
However, the rate of recurrence of moderate or severe
MR over 2 years was higher in the repair group than in
the replacement group, leading to a higher incidence of
HF and repeat hospitalization. The lack of apparent
benefit of valve repair over valve replacement in sec-
ondary MR versus primary MR, with less durable repairs
in secondary MR, highlights that primary and secondary
MR are 2 different diseases (9,12,21-32,44-47).

8. TRICUSPID VALVE DISEASE

8.1. Classification and Stages of TR

Trace to mild degrees of TR of no physiological conse-
quence are commonly detected on TTE in subjects with
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iy I8 RN Classification of TR

Primary Secondary

Rheumatic

Infective endocarditis

latrogenic (device leads,
endomyocardial biopsy)

Congenital (eg, Ebstein's
levo-transposition of the
great arteries)

Other (eg, trauma, carcinoid,
drugs, irradiation)

Pulmonary hypertension with RV remodeling
(primary or secondary to left-sided heart
disease)

Dilated cardiomyopathy

Annular dilation (associated with AF) *

RV volume overload (shunts/high output)

*Isolated TR is associated with AF and has LVEF >60%, pulmonary artery systolic
pressure <50 mm Hg, and no left-sided valve disease, with normal-appearing tricuspid
valve leaflets.

AF indicates atrial fibrillation; LVEF, left ventricular ejection fraction; RV, right ven-
tricular; and TR, tricuspid regurgitation.

anatomically normal valves. However, significant or
worsening TR is associated with poor long-term out-
comes (1-7). Primary disorders of the tricuspid appa-
ratus that can lead to more significant degrees of TR
include rheumatic disease, IE, congenital disease
(Ebstein’s), myxomatous changes, and other problems
affecting the tricuspid valve leaflets (blunt chest
trauma, carcinoid, drugs, and radiation) (Table 19). A
growing number of patients develop significant TR from
iatrogenic etiologies (device leads and endomyocardial
biopsies) (8-10). Most cases of significant TR are sec-
ondary and related to tricuspid annular dilation and
leaflet tethering in the setting of RV remodeling because
of pressure or volume overload, as seen in patients with
pulmonary hypertension (primary or secondary to left-
sided heart disease) or dilated cardiomyopathies (11-
13). In addition, there appears to be a subgroup of pa-
tients with significant isolated TR attributable primarily
to annular dilation, usually associated with AF in the
absence of pulmonary hypertension or LV systolic
dysfunction (2,14-18). Table 20 shows the stages of TR
as defined for other valve lesions. Asymptomatic pa-
tients with severe TR (Stage C) present with an elevated
central venous pressure and imaging evidence of sig-
nificant TR.

Symptomatic patients with severe TR (Stage D) have
symptoms of fatigue, abdominal bloating, and peripheral
edema. End-organ damage, such as hepatic failure and
renal failure, is an adverse consequence of Stage D TR that
markedly affects survival (19-23). The severity of TR can
be dynamic and dependent on changes in preload and
pulmonary pressure.

e91



e92

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

iy\:i8 R Stages of TR

Stage

Definition Valve Hemodynamics

Hemodynamic Consequences
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Clinical Symptoms and Presentation

B

C

D

Progressive TR Central jet <50% RA

Vena contracta width <0.7 cm
ERO <0.40 cm?
Regurgitant volume <45 mL

Asymptomatic

Central jet =50% RA
severe TR

[ ]

® Vena contracta width =0.7 cm
m ERO =0.40 cm?

B Regurgitant volume =45 mL

[ ]

Dense continuous wave signal with triangular
shape

Hepatic vein systolic flow reversal

Symptomatic

Central jet =50% RA
severe TR

Vena contracta width =0.7 cm

® None

Dilated RV and RA

Elevated RA with "c-V"
wave

Dilated RV and RA

Elevated RA with "c-V"
wave

None

Elevated venous pressure
No symptoms

Elevated venous pressure

Dyspnea on exertion, fatigue, ascites,
edema

[ ]

]

® ERO =0.40 cm?

B Regurgitant volume =45 mL
[ ]

Dense continuous wave signal with triangular
shape

B Hepatic vein systolic flow reversal

c-V wave indicates systolic positive wave; ERO, effective regurgitant orifice; RA, right atrial; RV, right ventricular; and TR, tricuspid regurgitation.

8.2. Tricuspid Regurgitation
8.2.1. Diagnosis of TR

Recommendations for Diagnosis of TR

COR

LOE RECOMMENDATIONS

1. In patients with TR, TTE is indicated to evaluate the presence and severity of TR, determine the etiology,

measure the sizes of the right-sided chambers and inferior vena cava, assess RV systolic function, esti-

mate pulmonary artery systolic pressure, and characterize any associated left-sided heart disease (1,2).

2a

2. In patients with TR, invasive measurement of the cardiac index, right-sided diastolic pressures, pulmo-

nary artery pressures, and pulmonary vascular resistance, as well as right ventriculography, can be useful

when clinical and noninvasive data are discordant or inadequate (3-5).

Synopsis

TTE can determine the etiology of TR and its effect on
the RV. Cardiac catheterization is of clinical value if the
information from TTE is inadequate or discordant with the
clinical presentation (6-10).

Recommendation-Specific Supportive Text

1. TTE can distinguish primary TR (abnormal valve leaf-
lets) from secondary TR (normal valve leaflets), define
any associated left-sided valvular or myocardial dis-
ease, and provide an estimate of pulmonary artery
systolic pressure (11-15). Characterization of the
severity of TR relies on an integrative assessment of
multiple parameters, as recommended by the American
Society of Echocardiography and European Association
of Echocardiography (1,2), but many limitations remain.

In patients with TR undergoing left-sided valve surgery,
an annular diastolic diameter >40 mm (or >21 mm/m?)
indicates an increased risk of persistent or progressive
TR after isolated mitral valve surgery (13). Pulmonary
artery systolic pressure is estimated from maximal TR
velocity. Assessment of RV systolic function is chal-
lenged by geometric and image acquisition constraints,
as well as by variability in RV loading condition (16,17).
Normal RV systolic function is defined by several pa-
rameters, including tricuspid annular plane systolic
excursion >16 mm, tricuspid valve systolic annular
velocity >10.0 cm/s, and RV end-systolic area <20.0
cm? or fractional area change >35%. Other imaging
modalities, such as 3D TEE, magnetic resonance imag-
ing, and CT scan, may provide more accurate informa-
tion on the status of the RV.
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2. When physical examination and TTE data on estimated
pulmonary artery systolic pressure are either discor-
dant or inadequate, invasive measurement of pulmo-
nary artery pressures and pulmonary vascular
resistance can be helpful to guide clinical decision-
making in individual patients (3-5). A weak TR signal
or the presence of severe TR may result in underesti-
mation of pulmonary systolic pressure; direct invasive
measurement can resolve this uncertainty. Data from
invasive measurement are essential for patients
in whom the cause of pulmonary hypertension is
uncertain or when assessment of pulmonary vascular
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reactivity after vasodilator challenge is needed. Direct
measurements of right atrial pressure may also be
useful for clinical decision-making. Right ventriculog-
raphy may further aid in the evaluation of the severity
of TR and the status of the RV. Thermodilution cardiac
output measurements may be inaccurate with severe
TR, and thus a Fick cardiac output should be measured
to apply to the calculation of pulmonary resistance.

8.2.2. Medical Therapy

e93

Recommendations for Medical Therapy for TR

COR LOE RECOMMENDATIONS

1. In patients with signs and symptoms of right-sided HF attributable to severe TR (Stages C and D), di-

ze SEQ uretics can be useful.
2. In patients with signs and symptoms of right-sided HF attributable to severe secondary TR (Stages C and
2 SEC D), therapies to treat the primary cause of HF (eg, pulmonary vasodilators to reduce elevated pulmonary
artery pressures, GDMT for HF with reduced LVEF, or rhythm control of AF) can be useful (1,2)
Synopsis benefit, especially in the setting of hepatic congestion,

Diuretic therapy treats the systemic congestion in pa-
tients with severe symptomatic TR. In patients with sec-
ondary TR, treatment of the underlying primary cause
may decrease the severity of the TR.

Recommendation-Specific Supportive Text

1. Patients with severe TR usually present with signs or
symptoms of right-sided HF, including peripheral
edema and ascites. Low-salt diet and support stockings
may be helpful. Diuretics can be used to decrease vol-
ume overload in these patients. Loop diuretics are
typically provided and may relieve systemic conges-
tion, but their use can be limited by worsening low-flow
syndrome. Aldosterone antagonists may be of additive

Recommendations for Timing of Intervention

which may promote secondary hyperaldosteronism.

. Medical therapies for management of severe TR (Stages C

and D) are limited. Attention should be focused on the
underlying etiologies in patients with secondary TR.
Reduction of pulmonary artery pressures and pulmonary
vascular resistance with specific pulmonary vaso-
modulators may be helpful to reduce RV afterload and
secondary TR in selected patients with pulmonary hy-
pertension (1,2). GDMT is effective for secondary TR
attributable to HF with reduced LVEF. Restoration of
normal sinus rhythm may be effective for secondary TR
attributable to annular dilation associated with AF (3,4).

8.2.3. Timing of Intervention

Referenced studies that support the recommendations are summarized in

COR LOE RECOMMENDATIONS

1. In patients with severe TR (Stages C and D) undergoing left-sided valve surgery, tricuspid valve surgery is

recommended (1-8).

2. In patients with progressive TR (Stage B) undergoing left-sided valve surgery, tricuspid valve surgery can

>4.0 cm) or 2) prior signs and symptoms of right-sided HF (3-10).

3. In patients with signs and symptoms of right-sided HF and severe primary TR (Stage D), isolated tricuspid

2a

valve surgery can be beneficial to reduce symptoms and recurrent hospitalizations (11-14).

2a - be beneficial in the context of either 1) tricuspid annular dilation (tricuspid annulus end diastolic diameter
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2a

4. In patients with signs and symptoms of right-sided HF and severe isolated secondary TR attributable to

annular dilation (in the absence of pulmonary hypertension or left-sided disease) who are poorly

responsive to medical therapy (Stage D), isolated tricuspid valve surgery can be beneficial to reduce
symptoms and recurrent hospitalizations (11,12,15-19).

2b

5. In asymptomatic patients with severe primary TR (Stage C) and progressive RV dilation or systolic

dysfunction, isolated tricuspid valve surgery may be considered (12,20).

2b

6. In patients with signs and symptoms of right-sided HF and severe TR (Stage D) who have undergone

previous left-sided valve surgery, reoperation with isolated tricuspid valve surgery may be considered in

the absence of severe pulmonary hypertension or severe RV systolic dysfunction (1,2,11,18).

Synopsis

Treatment of secondary TR is targeted at pulmonary
hypertension or myocardial disease. Surgical treatment is
performed for selected patients with TR at the time of
surgery for left-sided valve lesions to treat severe TR
(Stages C and D) and to prevent later development of se-
vere TR in patients with progressive TR (Stage B). Surgical
intervention should be considered for selected patients
with isolated TR (either primary TR or secondary TR
attributable to annular dilation in the absence of pulmo-
nary hypertension or dilated cardiomyopathy). Interven-
tion for severe isolated TR had a high reported operative
mortality rate (up to 8% to 20%), but most of these in-
terventions were performed after end-organ damage (21).
However, outcomes of patients with severe primary TR
are poor with medical management. There is renewed
interest in earlier surgery for patients with severe isolated
TR before the onset of severe RV dysfunction or end-
organ damage (2,11,12,18,19,22). This interest is attribut-
able to 1) an increasing number of patients presenting
with right-sided HF from isolated TR (23-25), 2)
more advanced surgical techniques, and 3) better selec-
tion processes, resulting in a lower operative risk with
documented improvement in symptoms (Figure 10)
(11,12,15-19).

There is growing interest in the development of
catheter-based therapies for these patients with severe
isolated TR (26,27).

Recommendation-Specific Supportive Text

1. Severe TR of either a primary or secondary etiology
may not improve predictably after treatment of the
left-sided valve lesion and reduction of RV afterload;
as such, severe TR should be addressed as part of the
index procedure (1,2,28-31). Reoperation for severe,
isolated TR after left-sided valve surgery is associated
with a perioperative mortality rate of 10% to 25% (1,29).
Tricuspid valve repair does not add appreciably to the

risks of surgery (1,2,28-31). There has been a significant
increase in the number of tricuspid valve repairs per-
formed for this indication over the past decade.
Tricuspid valve repair is preferable to replacement, but
replacement may be necessary if there is marked dila-
tion of the annulus or intrinsic disease of the tricuspid
leaflets (28,31). Observational data have shown a lower
operative risk with tricuspid valve repair than with
replacement, but this may be related to patient selec-
tion, given that the latter would be inserted in patients
with a severely dilated annulus and abnormal leaflets
to prevent recurrent or residual regurgitation. The
risks and benefits of tricuspid valve operation should
be carefully considered in the presence of severe RV
systolic dysfunction or irreversible pulmonary hyper-
tension because of the possibility of RV failure after
operation.

. Left uncorrected at the time of left-sided valve surgery,

mild or moderate degrees of secondary TR may prog-
ress over time in approximately 25% of patients and
result in reduced long-term functional outcome and
survival (32). Risk factors for persistence or progression
of TR include tricuspid annulus dilation (>40 mm
diameter or 21 mm/m? diameter indexed to body sur-
face area on preoperative TTE measured at end dias-
tole; >70 mm diameter on direct intraoperative
measurement of the intercomissural distance), degree
of RV dysfunction or remodeling, leaflet tethering
height, pulmonary artery hypertension, AF, and intra-
annular RV pacemaker or implantable cardioverter-
defibrillator leads (3-10,33-36). Several observational
studies and one prospective RCT have demonstrated
the benefit of tricuspid repair at the time of mitral
valve surgery for progressive TR (Stage B) with
tricuspid annulus dilation on echocardiographic and
functional parameters, although data on outcomes
such as survival and major adverse events are lacking
(3-10,33-35). Because the severity of TR may be



JACC VOL. 77, NO. 4, 2021
FEBRUARY 2, 2021:e25-197

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

e95

FIGURE 10 Tricuspid regurgitation

Tricuspid Regurgitation

v

Severe TR
(Stages C and D)

v

Progressive TR
(Stage B)

v v v
Right heart failure Asymptomatic At time of left-
(Stage D) (Stage C) sided valve surgery
\4 + Y * A4 \
At time of : . .
left-sided valve Primary Secondary Prior left-sided Primary TR with Annular dilation
TR TR valve surgery .
surgery progressive RV >4.0cm
dilation or systolic or
v dysfunction prior right HF
Poorly
responsive
to GDMT
\ \ 4
Annular dilation Absences of
without TPAP severe PH or
or left-sided RV systolic
disease dysfunction
A \J , \J v
TV surgery TV surgery TV surgery
2a) 2a) (2b) TV surgery (2b) TV surgery (2a)

Colors correspond to Table 2. GDMT indicates guideline-directed management and therapy; HF, heart failure; PAP, pulmonary artery pressure; PH, pulmonary hy-

pertension; RV, right ventricular; TR, tricuspid regurgitation; and TV, tricuspid valve.

dynamic, dependent on the preload and pulmonary
pressures, a past history of signs or symptoms of right-
sided HF indicates the propensity to develop more
severe TR and should be considered an indication for
concomitant tricuspid valve repair.

. In patients with symptomatic severe primary TR,
reduction or elimination of the regurgitant volume
load by tricuspid valve surgery can alleviate systemic
venous and hepatic congestion and decrease reliance
on diuretics (11,12,20). Patients with severe congestive
hepatopathy may also benefit from surgery to
prevent irreversible cirrhosis of the liver. Quality
and duration of long-term survival are related to

residual RV function. In patients with severe symp-
tomatic primary TR from either device leads or endo-
myocardial biopsy, TR develops rapidly, and surgery
can be done before the onset of RV dysfunction (11,37).
Correction of symptomatic severe primary TR (Stage D)
in patients without left-sided valve disease would
preferentially be performed before the onset of sig-
nificant RV dysfunction or end-organ damage. Ran-
domized studies of early intervention are lacking, and
the benefit might be limited by the risk of intervention,
suboptimal reduction in TR severity, or suboptimal
durability of currently available approaches to
tricuspid valve repair and replacement.
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4. There is now recognition that TR can develop in asso-
ciation with AF and annular dilation (a form of sec-
ondary TR) (23-25). Notably, AF-related TR appears to
represent a fundamentally different pathophysiology
from other forms of secondary TR, with greater basal
dilation and annular enlargement, as compared with
the RV elongation with leaflet tethering seen in pa-
tients who have secondary TR caused by pulmonary
hypertension or myocardial disease (24). These pa-
tients with AF-related TR have rapid progression of TR
severity and right-sided chamber dilation. In appro-
priately selected symptomatic patients with AF-related
severe TR, quality of life and symptoms can be
improved by surgical intervention for TR. In patients
undergoing intervention, overall outcomes are better
in those without severe RV dysfunction or end-organ
damage. Newer surgical techniques and a better se-
lection process resulted in an acceptable operative
mortality rate (<4% to 5%) for isolated TR in selected
patients (2,11,12,15-19,22,38).

5. The optimal timing of tricuspid valve surgery for
asymptomatic or minimally symptomatic patients with
severe primary TR has not been established. Extrapo-
lation from limited experiences reported for patients
with stable carcinoid heart disease and patients with a
flail tricuspid leaflet, as well as application of the
management principles adopted for patients with se-
vere MR, suggest that serial assessments of RV size and
function might trigger consideration of corrective sur-
gery in selected patients with severe primary TR when
a pattern of continued deterioration can be established
and the surgical risk is considered acceptable (13,14). In
otherwise healthy patients without other comorbid-
ities, such as patients with severe TR attributable to
trauma, the surgical risk associated with tricuspid
valve operation is low (<1% to 2% operative mortality
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rate) in the absence of RV dysfunction or pulmonary
hypertension.

6. Isolated tricuspid valve surgery for severe TR histori-
cally has been performed relatively late in the natural
history of the disease, when patients have become
symptomatic with signs of right-sided HF. Unadjusted
mortality rates for isolated tricuspid valve surgery
have therefore exceeded those reported for isolated
aortic or mitral valve surgery, and this trend has been
even more pronounced for reoperative tricuspid sur-
gery late after left-sided valve surgery. (1,2,39) This
high reoperative mortality rate is likely related to the
advanced nature of RV failure encountered at the time
of the second procedure, residual pulmonary hyper-
tension, LV dysfunction, and other valve abnormal-
ities. The hazards imposed by reoperation have
influenced decision-making for initial repair of func-
tional TR at the time of left-sided valve surgery in an
attempt to prevent the development of severe TR later
after the left-sided valve surgery. However, if there is
no significant pulmonary hypertension or severe RV
systolic dysfunction, operation for severe symptomatic
isolated TR years after surgery for left-sided disease
may improve symptoms of right-sided HF, if done
before the onset of severe RV dysfunction or end-organ
damage with either hepatic or renal dysfunction
(11,18).

9. PULMONIC VALVE DISEASE

See guidelines for the management of adults with
congenital heart disease (1).

10. MIXED VALVE DISEASE

10.1. Diagnosis of Mixed VHD

Recommendations for Diagnosis and Follow-Up of Patients With Mixed Valve Disease

COR LOE

RECOMMENDATIONS

1. For patients with mixed valve disease, TTE is recommended to assess the etiology, severity, and path-

EE0 ophysiological impact.
2. In patients with ambiguous symptoms that are suspected to be attributable to mixed mitral valve disease,
SEQ further assessment of filling pressure by using biomarkers or invasive hemodynamic measurements at rest
or with exercise is reasonable.
Synopsis function, and timing of intervention (1-5). For many pa-

Mixed valve disease is either 1) stenosis and regurgita-
tion of a single valve or 2) stenosis or regurgitation of 2
separate valves. Mixed valve disease presents a special
diagnostic challenge to the clinician in assessing the
impact of the lesions on cardiac remodeling, ventricular

tients with mixed valve disease, there is a predominant
valve lesion (ie, stenosis versus regurgitation; mitral
versus aortic), and symptoms and pathophysiology
resemble those of a pure dominant lesion. When pressure
overload predominates, there is wusually concentric
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hypertrophy, whereas volume overloads cause chamber
dilation and eccentric hypertrophy; management should
follow the guidelines for the predominant lesion. How-
ever, in other cases, patients present with a more
balanced picture, with the mixed pathophysiology mak-
ing patient management difficult. It may be that neither
lesion by itself reaches Stage C as described in previous
sections for pure lesions, yet the lesions may be, in
combination, severe enough to impact outcome. Mixed
valve disease was primarily attributable to rheumatic
disease in the past, but it is now more frequently seen
with degenerative disease or after prior chest radiation
(5). Decision-making for patients with mixed valve dis-
ease is frequently complex and may require referral to or
consultation with a Comprehensive Valve Center.

Recommendation-Specific Supportive Text

1. The complex nature of mixed valve disease requires a
comprehensive imaging approach that involves
assessing each lesion separately and then collectively
judging how the lesions affect the patient’s overall
presentation. TTE is the standard modality for
measuring jet velocities, valve areas, regurgitant flow,
and regurgitant orifice areas. TTE establishes the
baseline for pathoanatomy and pathophysiology from
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which comparison is made as the lesions progress over
time. Doppler hemodynamics have been validated for
patients with single-valve disease but have not neces-
sarily been studied in patients with multivalve disease.
Limitations exist for assessment of calculations, such
as those for valve areas, because of differential flows
with multivalve disease (2-5).

2. The complex nature of mixed valve disease makes it
necessary to consider all available data to reach a final
management decision. Although natural history data
for many types of mixed valve disease are lacking, it is
reasonable to assume that the onset of symptoms is a
negative prognostic occurrence, as it is for all other
valve lesions. The difficulty may lie in attributing such
symptoms to the mixed valve disease at hand, espe-
cially if TTE demonstrates moderate but not severe
mixed disease. Elevated BNP and elevated filling
pressures at catheterization, either at rest or with ex-
ercise, support that cardiac disease is the cause of the
patient’s symptoms and may help to further quantify
lesion severity.

10.2. Timing of Intervention for Mixed VHD
10.2.1. Intervention for Mixed AS and AR

Recommendations for Timing of Intervention for Mixed AS and AR

Referenced studies that support the recommendations are summarized in
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COR LOE RECOMMENDATIONS
1. In symptomatic patients with combined AS and AR and a peak transvalvular jet velocity of at least 4.0 m/s
0 R or a mean transvalvular gradient of at least 40 mmHg, AVR is recommended (1,2).
2. In asymptomatic patients with combined AS and AR who have a jet velocity of 24.0 m/s with an
U CEY LVEF <50%, SAVR is recommended (1,2).
Synopsis mixed disease behaves similarly to that of pure severe

The indications for AVR in patients with combined AS
and AR and a peak transvalvular jet velocity of =4.0 m/s
are the same as for patients with severe isolated AS.

Recommendation-Specific Supportive Text

1. Currently, isolated moderate AS or moderate AR is
placed in Stage B, progressive disease for which no
therapeutic action is indicated. However, some patients
with moderate mixed disease develop symptoms that
stem from their valve disease. Formerly, the argument
was raised that if there were no AR, the aortic jet ve-
locity and gradient would be correspondingly lower and
would not meet the definitions for severe AS, and
obviously there would be only moderate AR by defini-
tion. Therefore, no action was recommended. However,
recent data suggest that the natural history of moderate

AS (1,2) and that moderate mixed disease has a mor-
tality risk similar to that of pure severe AS. Thus, valve
replacement is warranted for the symptomatic patient if
the patient’s data fulfill any of the criteria for severe AS.
The decision about whether to proceed with TAVI
versus SAVR is discussed in Section 3.2.4.2.

2. For patients with mixed moderate AS/AR who have
developed LV dysfunction, as evidenced by an LVEF
of <50%, and who have no other reason for LV
dysfunction, valve disease is presumed to be the cause.
In such patients, SAVR is indicated (1,2).

10.2.2. Intervention for Mixed AS and MR

Patients with combined AS and MR present a difficult and
complex decision-making process. There are many
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Severe AS Severe MR Surgical Risk Procedure
SAVR candidate ® Primary MR Low intermediate ® SAVR

m Repairable valve m Surgical mitral valve repair
SAVR candidate ® Primary MR Low intermediate m SAVR

m Valve not repairable ® Surgical mitral valve replacement
TAVI candidate ® Primary High prohibitive m TAVI

B Repairable valve

SAVR candidate
TAVI candidate

Secondary MR

TAVI candidate Secondary MR

Low intermediate

High prohibitive

® Mitral TEER*

m SAVR

m Surgical mitral valve repair/mitral valve replacement
Or

m TAVI

m  Mitral TEER*

m TAVI
®  Mitral TEER*

*Consider TEER as a later staged procedure if symptoms and severe MR persist after treatment of the AS.

AS indicates aortic stenosis; MR, mitral regurgitation; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; and TEER, transcatheter edge-to-edge

repair.

potential different scenarios and nuances involved to
arrive at the optimal approach for an individual patient,
which needs to be made by an MDT with shared decision-
making with the patient. Overall, patients with severe AS
and severe primary MR are best treated with SAVR and
mitral valve surgery unless the surgical risk is high or
prohibitive. If there is a high or prohibitive surgical risk, a
staged procedure, with TAVI followed by mitral TEER, can
be effective. If there is severe AS and severe secondary
MR, either SAVR and mitral valve surgery or a staged
approach with TAVI followed by mitral TEER are options.
Because there are limited data to support COR, the writing
committee has created a table that provides the reader
with a perspective on possible interventions in these
complex patients (Table 21). Evaluating the short- and
long-term outcomes of these approaches will be
important.

These proposed procedures are based on the following:

m Many patients with AS also have significant MR that
is attributable to either organic (primary) causes or
LV remodeling (secondary MR). AVR for AS reduces
LV pressure, thereby reducing the pressure gradient
that propels volume across the incompetent mitral
valve. Although it is reasonable to expect that AVR
would reduce MR by reducing LV systolic pressure,
this fails to occur in many cases. Not surprisingly,
primary MR is more likely to persist after AVR than
is secondary MR because AVR does not correct
intrinsic mitral valve disease (1-5). Therefore, in pa-
tients with both AS and MR who are at a low or in-
termediate surgical risk, it is reasonable to address

both valves with surgery. This is particularly true if
the mitral valve can be repaired (1).

For patients with both AS and severe primary MR in
whom the mitral valve cannot be repaired, a decision
about treatment of the MR will need to be made by the
MDT, taking into consideration multiple factors,
including the additive risk of a mitral valve replace-
ment. Mitral TEER at a later date may be an option but
is likely to have a suboptimal result if the valve cannot
be surgically repaired. Thus, double valve replacement
with both AVR and mitral valve replacement would be
an option if they can be performed at an acceptable
level of risk, given that the outcome of the MR after
AVR is uncertain.

Patients with severe AS who are at high to prohibitive
surgical risk are best served by TAVI. As noted previ-
ously, primary MR may not improve after AVR (2-5). If
symptoms persist after TAVI and if there is suitable
anatomy, percutaneous mitral repair can be per-
formed, which can reduce MR and improve symptoms
(6).

For patients with AS who have secondary MR, the fate
of MR after SAVR or TAVI is uncertain (2-5,7-10).
Although secondary MR is more likely to improve after
AVR than is MR attributable to primary mitral valve
disease, secondary MR does not improve or may even
worsen after AVR in many cases (7-10). The mecha-
nism by which reduction in LV pressure after AVR does
not reduce secondary MR is unknown. With SAVR, the
mitral valve can be inspected and addressed, unlike
with TAVI, where the mitral valve is left untreated. An
alternative approach to patients with AS and
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secondary MR is to perform TAVI first, and if symp-
toms remain with persistent severe MR, mitral TEER
can be performed if there is suitable anatomy (6). The
transcatheter approach would be preferred if the pa-
tient is at high to prohibitive surgical risk.

10.2.3. Intervention for Mixed MS and MR

Mixed MS and MR often occurs in patients with rheumatic
valve disease. Occasionally, mixed MS/MR can occur in
patients with severe mitral annular calcification. Asymp-
tomatic mixed disease may be benign because MS pro-
tects the LV from the severe volume overload of pure MR.
However, if symptoms attributable to mixed mitral dis-
ease occur, they are likely because of increased LA pres-
sure from combined increased LA inflow from MR and
obstruction to outflow from the LA. An enlarged LA, a
high transmitral gradient, or direct measurement of a high
LA or pulmonary artery wedge pressure suggest a valvular
basis for the patient’s symptoms. In such cases, mitral
valve replacement may be necessary if therapy with di-
uretics do not relieve symptoms, but it should be per-
formed only in patients who have severe limiting
symptoms

10.2.4. Intervention for Mixed MS and AR

Combined MS and AR usually result from rheumatic heart
disease. When they occur concomitantly, MS is usually
the more severe lesion. However, because MS limits LV
filling, it may reduce the stroke volume presented to the
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aortic valve, in turn reducing the apparent severity of AR
(1,2). Furthermore, MS reduces the LV cavity size for any
degree of AR, causing further potential underestimation
of AR severity. In this regard, contrast aortography visu-
alizes AR flow, instead of the echocardiographic visuali-
zation of AR velocity of flow, and may be helpful, as is
precise assessment of AR regurgitant fraction. In patients
who have continued severe symptoms not responsive to
diuretics, intervention with valve surgery should be pur-
sued. If mitral anatomy is favorable, options are PMBC to
treat the MS, followed by AVR or SAVR and open mitral
commissurotomy. In this way, the increased mortality
risk of double valve replacement is avoided (3).

10.2.5. Intervention for Mixed MS and AS

Almost always the product of rheumatic heart disease, the
combination of MS and AS can be very confusing to the
clinician. When either lesion is severe, it may limit cardiac
output, resulting in reduced flow to the other valve,
which reduces transvalvular gradient, leading to under-
estimation of lesion severity. Echocardiography and
invasive hemodynamics are usually necessary to fully
assess the severity of each lesion and to decide on
appropriate intervention.

11. PROSTHETIC VALVES

11.1. Evaluation and Selection of Prosthetic Valves

11.1.1. Diagnosis and Follow-Up of Prosthetic Valves

Recommendations for Diagnosis and Follow-Up of Prosthetic Valves

Referenced studies that support the recommendations are summarized in

€99

COR LOE RECOMMENDATIONS
1. In patients with a surgical or transcatheter prosthetic valve and in patients who have had valve repair, an
L R initial postprocedural TTE study is recommended for evaluation of valve hemodynamics and ventricular
function (1-4).
2. In patients with a prosthetic valve or prior valve repair and a change in clinical symptoms or signs
L ED suggesting valve dysfunction, repeat TTE is recommended.
3. In patients with a prosthetic valve replacement or prior valve repair and clinical symptoms or signs that
U Gy suggest prosthetic valve dysfunction, additional imaging with TEE, gated cardiac CT, or fluoroscopy is
recommended, even if TTE does not show valve dysfunction.
4. In patients with a bioprosthetic surgical valve, TTE at 5 and 10 years and then annually after implantation
2a C-LD

is reasonable, even in the absence of a change in clinical status.

5. In patients with a bioprosthetic TAVI, TTE annually is reasonable.

2a C-LD



https://doi.org/10.1016/j.jacc.2020.11.018

€100

Otto et al.
2020 ACC/AHA Guideline for the Management of Valvular Heart Disease

Synopsis

The clinical course of patients with prosthetic heart
valves or repaired native valves is influenced by several
factors, including ventricular function, AF, pulmonary
hypertension, and CAD, as well as by the development of
valve-related complications. The interval between
routine follow-up visits depends on the patient’s valve
type, the presence of residual heart disease, and other
clinical factors. Attention to optimal dental care and
endocarditis prophylaxis and any needed anticoagulation
is a requisite component of care.

TTE is the primary imaging modality for postoperative
assessment of prosthetic valve or repaired native valve
function. In the absence of early complications, the index
study is performed during hospitalization or within the
first several weeks thereafter, depending on individual
patient circumstances and the type of valve procedure.
Additional imaging, such as TEE, cardiac CT, or fluoros-
copy, may be required when valve dysfunction is sus-
pected and in the context of the clinical presentation. A
schedule for surveillance TTE studies has become an
established feature of long-term follow-up, although the
frequency of routine studies that are performed in the
absence of clinical change will vary as a function of valve

type.
Recommendation-Specific Supportive Text

1. TTE after valve implantation or repair provides an
assessment of the procedural results and serves as a
baseline against which comparison can be made for any
change. TTE provides accurate measurements of
transvalvular velocities and pressure gradients, as well
as detection and quantitation of transvalvular and
paravalvular leak (1-4). Normal transvalvular velocities
and gradients vary across different types and sizes of
prosthetic valves but are also affected by patient-
specific factors, including body size and -cardiac
output. The postoperative study, recorded when the
patient is asymptomatic and in a stable hemodynamic
state, provides Doppler flow data for a specific valve in
an individual patient. In addition, TTE provides
assessment of other valve disease(s), pulmonary artery
pressure, atrial size, LV and RV size and function, and
pericardial disease.

2. Bioprosthetic or repaired native valve dysfunction
typically presents with the insidious onset of HF
symptoms or a change in the auscultatory findings.
More abrupt and severe symptoms may occur with
infective endocarditis or rupture of a valve cusp. Pa-
tients with mechanical valve dysfunction may present
with HF, shock, thromboembolic events, hemolysis, or
a change in auscultatory findings. Presentation may
often be acute or subacute because of thrombus for-
mation and more abrupt impairment of leaflet opening
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or closure. Attention should be directed to the trend in
recent INR Prosthesis-patient
mismatch and functional stenosis of a repaired native

