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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 decisionmaking process based on the CHA2DS2-VASc
score. Patients with rheumatic mitral stenosis
or a mechanical prosthesis and atrial fibrillation
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. Earlier intervention may
be considered if indicated by results of exercise
testing, biomarkers, rapid progression, or the
presence of very severe stenosis.
Indications for transcatheter aortic valve implantation are expanding as a result of multiple
randomized trials of transcatheter aortic valve
implantation versus surgical aortic valve replacement. The choice of type of intervention for a
patient with severe aortic stenosis should be a
shared decision-making process that considers the
lifetime risks and benefits associated with type of
valve (mechanical versus bioprosthetic) and type
of approach (transcatheter versus surgical).
Indications for intervention for valvular regurgitation are relief of symptoms and prevention of
the irreversible long-term consequences of left
ventricular volume overload. Thresholds for intervention now are lower than they were previously
because of more durable treatment options and
lower procedural risks.
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.
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 recurrent hospitalizations if done before

3.

4.

5.

6.

7.

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.
2. 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 echocardiogram). If there is discordance
between the physical examination and initial
noninvasive testing, consider further noninvasive (computed tomography, cardiac magnetic
resonance imaging, stress testing) or invasive
(transesophageal echocardiography, cardiac
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

8.

9.
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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 scientific evidence into clinical practice guidelines with recommendations 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
Downloaded from http://ahajournals.org by on December 17, 2020

Clinical practice guidelines provide recommendations
applicable to patients with or at risk of developing cardiovascular disease. The focus is on medical practice in
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 patients’
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 recommendations, is effective only when followed by both
practitioners and patients. Adherence to recommendations can be enhanced by shared decision-making
between clinicians and patients, with patient engagement in selecting interventions on the basis of individual values, preferences, and associated conditions and
comorbidities.

Methodology and Modernization
The ACC/AHA Joint Committee on Clinical Practice
Guidelines (Joint Committee) continuously reviews, updates, 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
e4
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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 “userfriendliness.” 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 considerations, in certain guidelines, when appropriate and
feasible, an analysis of value for a drug, device, or intervention 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 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 guideline methodology manual4 and other
methodology articles.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 cardiovascular community. Experts are selected across a spectrum 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 at https://www.acc.org/guidelines/aboutguidelines-and-clinical-documents/relationships-withindustry-policy. Appendix 1 of the guideline lists writing
committee members’ relevant RWI; for the purposes of
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Evidence Review and Evidence Review
Committees
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In developing recommendations, the writing committee 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, systematic reviews, and expert opinion. Only key references 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 strategy, and to what degree. Criteria for
commissioning an evidence review committee and
formal systematic review include absence of a current
authoritative systematic review, feasibility of defining
the benefit and risk in a time frame consistent with
the writing of a guideline, relevance to a substantial
number of patients, and likelihood that the findings
can be translated into actionable recommendations.
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
treatments. 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, devices, 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

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

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 percutaneous mitraclip. 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, 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 management of adult patients with valvular heart disease
(VHD). A full revision of the original 1998 VHD guideline 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 recommendations from
the earlier VHD guidelines have been updated as warranted by new evidence or a better understanding of
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Table 1.

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

Associated Guidelines and Related References
Organization

Publication Year
(Reference)

Recommendations for Evaluation of the Severity of Native Valvular Regurgitation With Two-Dimensional and
Doppler Echocardiography

ASE

20175

European Association of Echocardiography Recommendations for the Assessment of Valvular Regurgitation,
Part 2: Mitral and Tricuspid Regurgitation (Native Valve Disease)

EAE

20106

ACC/AHA/ESC

2006, 2008, 20197–9

ACC/AHA

201810

Echocardiographic Assessment of Valve Stenosis: EAE/ASE Recommendations for Clinical Practice

EAE/ASE

200911

Recommendations on the Echocardiographic Assessment of Aortic Valve Stenosis: A Focused Update from the
European Association of Cardiovascular Imaging and the American Society of Echocardiography

EACI/ASE

201712

Guidelines for the Evaluation of Valvular Regurgitation After Percutaneous Valve Repair or Replacement:
A Report from the American Society of Echocardiography

ASE

201913

Recommendations for Evaluation of Prosthetic Valves With Echocardiography and Doppler Ultrasound

ASE

200914

Guideline for the Diagnosis and Treatment of Hypertrophic Cardiomyopathy

ACCF/AHA

201115
202016

Guidelines on the Management of Cardiovascular Diseases During Pregnancy

ESC

2011, 201817, 18

ACCP

201219

Guidelines on the Management of Valvular Heart Disease

ESC/EACTS

201220
201721

Guideline for the Management of Heart Failure

ACCF/AHA

201722

Title

Guidelines for the Management of Patients With Atrial Fibrillation
Guidelines for the Management of Adults With Congenital Heart Disease

Antithrombotic and Thrombolytic Therapy for Valvular Disease: Antithrombotic Therapy and Prevention of Thrombosis

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.
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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 management of patients with VHD.
The document recommends a combination of lifestyle modifications and medications that constitute
components 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 interactions. Table 1 is a list of associated
guidelines that may be of interest to the reader.

1.5. Class of Recommendation and Level
of Evidence
The Class of Recommendation (COR) indicates the
strength of recommendation, encompassing the estimated magnitude and certainty of benefit in proportion
to risk. The Level of Evidence (LOE) rates the quality of
scientific evidence supporting the intervention on the
basis of the type, quantity, and consistency of data from
clinical trials and other sources (Table 2).1
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TBD TBD, 2021

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

CT

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
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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

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 abnormalities on noninvasive testing. Irrespective of the presentation, 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 comprehensive 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 additional 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

(TEE), computed tomography (CT), cardiac magnetic
resonance (CMR) imaging, stress testing, Holter monitoring, diagnostic hemodynamic cardiac catheterization, or positron emission tomography (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 multiple
criteria, including symptoms, valve anatomy, valve hemodynamics and the effects of valve dysfunction on ventricular and vascular function (eg, end-organ damage).
Surgical and transcatheter interventions are performed
primarily on patients with severe VHD, but diagnosis, patient education, periodic monitoring, and medical therapy are essential elements in the management of patients
at risk of VHD and with mild to moderate valve dysfunction. This document provides a classification 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 symptoms,
prolong survival, and minimize the risk of VHD-related
complications, such as irreversible ventricular dysfunction,
pulmonary hypertension, stroke, and atrial fibrillation
(AF). Thus, the criteria for “severe” VHD are based on
predictors of clinical outcome from observational 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 evidence of endorgan 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).

2.3. Diagnosis and Follow-Up
2.3.1. Diagnostic Testing: Initial Diagnosis
TTE is the standard diagnostic test in the initial evaluation of patients with known or suspected VHD.1–4
TBD TBD, 2021
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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)*
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TTE allows accurate assessment of valve anatomy and
etiology, concurrent valve disease, and associated abnormalities, 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 determination of valve hemodynamics.1,2,6
For stenotic lesions, key measurements are maximum
velocity, mean gradient, and valve area. For regurgitant lesions, calculation of regurgitant orifice area, volume, and fraction is performed, when possible in the
context of a multiparameter severity grade based on
e8
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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 imaging, might be
indicated. However, both the performance 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 recommended that the
laboratory be an Intersocietal Accreditation Commission (IAC)–accredited program.8
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Evaluation of Patients With Known or Suspected VHD

Reason
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

Test

Indication

Downloaded from http://ahajournals.org by on December 17, 2020

TTE*

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

History and physical

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

ECG

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

Chest x-ray

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

TEE

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

CMR

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

PET CT

Aids in determination of active infection or inflammation

Stress testing

Gives an objective measure of exercise capacity

Catheterization

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

Biomarkers

Provide indirect assessment of filling pressures and myocardial damage

TTE strain

Helps assess intrinsic myocardial performance

CMR

Assesses fibrosis by gadolinium enhancement

Stress testing

Provides prognostic markers

Procedural risk

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

Frailty score

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

Dental examination

Rules out potential infection sources

CT coronary angiogram
or invasive coronary
angiogram

Gives an assessment of coronary anatomy

CT: Peripheral

Assesses femoral access for TAVI and other transcatheter procedures

CT: Cardiac

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.

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 comprehensive TTE study can determine whether symptoms are
caused by progressive valve dysfunction, deterioration
of the ventricular response to the volume or pressure
overload, or another etiology. New signs on physical
examination 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 followup is to prevent the irreversible consequences of severe
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

VHD, primarily affecting the status of the ventricles and
pulmonary 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 intervention. The follow-up interval may be extended in patients with mild regurgitation who show no change over
a 10- to 15-year period. In addition to routine periodic
imaging, 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
TBD TBD, 2021
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Table 4.
Stage

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

Stages of VHD
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
severe

Asymptomatic patients who have the
criteria for 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 severe

Patients who have developed symptoms
as a result of VHD

LV indicates left ventricle; RV, right ventricle; and VHD, valvular heart
disease.
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patients with VHD, there is still a subset of patients
in whom hemodynamic catheterization is necessary
to ensure that the proper decision about treatment
is made. If noninvasive testing yields inconclusive
data, particularly in the symptomatic patient, or if
there is a discrepancy between the noninvasive tests
and clinical findings, a hemodynamic 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 measurement of intracardiac
pressures and pulmonary vascular resistance, which
may further aid in decision-making about valve
Table 5.

intervention. Diagnostic interventions that can be
performed in the catheterization laboratory include
the use of dobutamine in low-flow states, pulmonary
vasodilators in pulmonary hypertension, and exercise
hemodynamics in patients with discrepant symptoms.1,2 A hemodynamic catheterization 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 patients 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 potential intervention.3–11 It is important that exercise 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

Frequency of Echocardiograms in Asymptomatic Patients With VHD and Normal LV Function
Type of Valve Lesion

Stage

Aortic Stenosis*

Progressive (Stage B)

Severe asymptomatic
(Stage C1)

Aortic Regurgitation

Mitral Stenosis
Every 3–5 y (MV area >1.5
cm2)

Mitral Regurgitation

Every 3–5 y (mild severity;
Vmax 2.0–2.9 m/s)

Every 3–5 y (mild severity)

Every 3–5 y (mild severity)

Every 1–2 y moderate
severity; Vmax 3.0–3.9 m/s)

Every 1–2 y (moderate
severity)

Every 6–12 mo (Vmax ≥4 m/s)

Every 6–12 mo

Every 1–2 y (MV area 1.0–
1.5 cm2)

Every 6–12 mo

Dilating LV: More frequently

Every year (MV area <1.0 cm2)

Dilating LV: More frequently

Every 1–2 y (moderate
severity)

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 Vmax, maximum velocity.
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Secondary Prevention of Rheumatic Fever

Antibiotics for Prevention

Dosage*

Penicillin G benzathine

1.2 million U intramuscularly every 4 wk†

Penicillin V potassium

200 mg orally twice daily

Sulfadiazine

1 g orally once daily

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

Varies

*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.
†Administration 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.
Adapted from Gerber et al.1
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isolated muscle training may be used to strengthen individual muscle groups. Most patients with LV systolic
dysfunction 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,
angiotensin receptor blockers (ARBs), beta blockers,
aldosterone antagonists, and/or sacubitril/valsartan and
biventricular pacing, as indicated in the guidelines for
heart failure (HF).1 In patients with stenotic valve lesions,
abrupt lowering of blood pressure should be avoided.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 recommendations
in patients with VHD. For subsets of patients with AF
and VHD, anticoagulation is discussed in Section 2.4.3.

Table 7. Duration of Secondary Prophylaxis for Rheumatic Fever
Type

Duration After Last Attack*

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

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

Rheumatic fever with carditis
but no residual heart disease (no
valvular disease†)

10 y or until patient is 21 y of age
(whichever is longer)

Rheumatic fever without carditis

5 y or until patient is 21 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.
†Clinical or echocardiographic evidence.
VHD indicates valvular heart disease.
Adapted from Gerber et al.1

Recommendation-Specific Supportive Text
1. Recurrent rheumatic fever is associated with a
worsening of rheumatic heart disease. However,
infection with group A streptococcus does not
have to be symptomatic to trigger a recurrence,
and rheumatic fever can recur even when the
symptomatic infection is treated. Prevention of
recurrent rheumatic fever requires long-term antimicrobial prophylaxis rather than recognition and
treatment of acute episodes of group A streptococcus pharyngitis. The recommended treatment
regimens and duration of secondary prophylaxis
are shown in Tables 6 and 7.
2.4.2. IE Prophylaxis
Recommendations for IE Prophylaxis
Referenced studies that support the recommendations are
summarized in Online Data Supplement 1.
COR

LOE

Recommendations

C-LD

1. Antibiotic prophylaxis is reasonable before
dental procedures that involve manipulation of
gingival tissue, manipulation of the periapical
region of teeth, or perforation of the oral
mucosa in patients with VHD who have any of
the following1–9:
a. Prosthetic cardiac valves, including
transcatheter-implanted prostheses and
homografts.
b. Prosthetic material used for cardiac valve
repair, such as annuloplasty rings, chords,
or clips.
c. Previous IE.
d. 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.

B-NR

2. In patients with VHD who are at high risk of
IE, antibiotic prophylaxis is not recommended
for nondental procedures (eg, TEE,
esophagogastroduodenoscopy, colonoscopy,
or cystoscopy) in the absence of active
infection.10,11

2.4.1. Secondary Prevention of Rheumatic Fever
Recommendation for Secondary Prevention of Rheumatic Fever
COR

LOE

Recommendation

1

C-EO

1. In patients with rheumatic heart
disease, secondary prevention of
rheumatic fever is indicated (Tables 6
and 7).1

2a

Synopsis
Rheumatic fever is an important cause of VHD worldwide, although it is less common in high-income countries. 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Synopsis

The incidence of IE after most procedures is low,
with no controlled data supporting the benefit of
antibiotic prophylaxis. Indiscriminate use of antibiotics can be associated with the development
of resistant organisms, Clostridium difficile colitis,
unnecessary expense, and drug toxicity. The rate
of transient bacteremia during or immediately
after endoscopy is 2% to 5%, and the organisms
typically identified are unlikely to cause IE.11,27,28
The rate of bacteremia does not increase with
biopsy, polypectomy, or sphincterotomy. Some
gastrointestinal procedures are associated with
rates of bacteremia higher than that for simple
endoscopy; these procedures include esophageal
dilation (as high as 45%), sclerotherapy (31%),
and endoscopic retrograde cholangiopancreatography (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
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

With the absence of RCTs addressing the efficacy of antibiotic prophylaxis for prevention of IE1,12–14 and given uncertainty about which patient populations are at highest
risk, these recommendations are based on pathophysiological considerations, limited data, and clinical expertise.
A prospective study demonstrated that prophylactic 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 prophylaxis 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 prophylaxis 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 genitourinary procedures, in the absence
of known active infection.

Recommendation-Specific Supportive Text
Downloaded from http://ahajournals.org by on December 17, 2020

1. The risk of developing IE is highest in patients with
a prosthetic valve, prior IE, or congenital heart disease with residual flow disturbances.3 IE has been
reported to occur after transcatheter aortic valve
implantation (TAVI) at rates equal to or exceeding
those associated with surgical aortic valve replacement (SAVR) and is associated with a high 1-year
mortality 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 population, 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.
2. Transient bacteremia is commonly seen in routine activities such as brushing teeth and flossing (20% to 68%), using toothpicks (20% to
40%), and simply chewing food (7% to 51%).

e12
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2.4.3. Anticoagulation for AF in Patients With
VHD
Recommendations for Anticoagulation for AF in Patients With VHD
Referenced studies that support the recommendations are
summarized in Online Data Supplement 2.
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 CHA2DS2-VASc score.1,2

1

A

1

C-EO

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

2a

B-NR

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

3: Harm

B-R

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
Patients with VHD and AF should be evaluated for risk
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 rheumatic MS and mechanical heart valves. NOACs are an
alternative to VKAs in patients with AF and 1) with
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Figure 1. Anticoagulation for AF in Patients With VHD.
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.

bioprosthetic valves >3 months after implantation or,
2) with native VHD excluding rheumatic MS (Figure 1).

Recommendation-Specific Supportive Text
1. The 4 large RCTs8–14 comparing NOACs with warfarin included small numbers of patients with
VHD, prior valve repair, and bioprosthetic valves
(excluding 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 registries18 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
CHA2DS2-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
2. 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

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).
3. Postoperative AF after VHD intervention is
associated with increased stroke and mortality
rates3,4 irrespective of the CHA2DS2-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 bioprosthesis.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
thromboembolic events. The optimal duration
of anticoagulation is not well defined. Repeat
evaluation is encouraged in all patients to detect
arrhythmia recurrence in the context of their
CHA2DS2-VASc scores.
4. The phase II study comparing dabigatran to warfarin
(RE-ALIGN [Randomized, Phase II Study to Evaluate
the Safety and Pharmacokinetics of Oral Dabigatran
Etexilate in Patients after Heart Valve Replacement])
was halted prematurely because of excess stroke and
TBD TBD, 2021
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Risk Assessment for Surgical Valve Procedures
Low-Risk Surgical Mitral
Low-Risk SAVR (Must
Valve Repair for Primary
Meet ALL Criteria in This
MR (Must Meet ALL
Column)
Criteria in This Column)

Criteria

High Surgical Risk
(Any 1 Criterion in This
Column)

Prohibitive Surgical Risk (Any 1
Criterion in This Column)

STS-predicted risk of
death*

<3%
AND

<1%
AND

>8%
OR

Predicted risk of death or major morbidity
(all-cause) >50% at 1 y
OR

Frailty†

None
AND

None
AND

≥2 Indices (moderate to
severe)
OR

≥2 Indices (moderate to severe)
OR

Cardiac or other major
organ system compromise
not to be improved
postoperatively‡

None
AND

None
AND

1 to 2 Organ systems
OR

≥3 Organ systems
OR

Procedure-specific
impediment§

None

None

Possible procedure-specific
impediment

Severe procedure-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
II risk calculator may also be considered for use and is available at http://www.euroscore.org/calc.html.
†Seven 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 (FEV1 <50% or DLCO2 <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.
DLCO2 indicates diffusion capacity for carbon dioxide; FEV1, forced expiratory volume in 1 s; 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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bleeding in the dabigatran group. Until there is an
explanation of why these adverse events occurred,
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
Recommendation for Evaluation of Surgical and Interventional Risk
COR

1

LOE

Recommendation

C-EO

1. For patients with VHD for whom
intervention is contemplated, individual
risks should be calculated for 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
outcomes, these estimates provide a useful point of
reference against which procedural benefits can be
weighed. Numerical 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
e14
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dimensions. The availability of TAVI for treatment of
symptomatic severe aortic stenosis (AS) across the surgical risk spectrum 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 bioprosthesis, 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
procedure 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 risks can be calculated with a webbased 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Examples of Procedure-Specific Risk Factors for Interventions Not Incorporated Into Existing Risk Scores

SAVR

TAVI

Surgical Mitral Valve Repair or
Replacement

TEER

Technical or anatomic
 Prior mediastinal radiation

Aorto-iliac occlusive disease precluding
transfemoral approach

Prior sternotomy

Multivalve disease

 Ascending aortic calcification
(porcelain aorta may be
prohibitive)

Aortic arch atherosclerosis (protuberant
lesions)

Prior mediastinal radiation

Valve morphology (eg,
thickening, perforations, clefts,
calcification, and stenosis)

Severe MR or TR

Ascending aortic calcification
(porcelain aorta may be prohibitive)

Prior mitral valve surgery

Low-lying coronary arteries
Basal septal hypertrophy
Valve morphology (eg, bicuspid or
unicuspid valve)
Extensive LV outflow tract calcification
Comorbidities
 Severe COPD or home oxygen
therapy

Severe COPD or home oxygen therapy
Pulmonary hypertension

Severe COPD or home oxygen
therapy

Severe COPD or home oxygen
therapy

 Pulmonary hypertension

Severe RV dysfunction

Pulmonary hypertension

Pulmonary hypertension

 Severe RV dysfunction

Hepatic dysfunction

Hepatic dysfunction

Hepatic dysfunction

 Hepatic dysfunction

Frailty*

Frailty*

Frailty*

 STS score >15

STS score >15

STS score >15

STS score >15

 Life expectancy <1 y

Life expectancy <1 y

Life expectancy <1 y

Life expectancy <1 y

 Poor candidate for rehabilitation

Poor candidate for rehabilitation

Poor candidate for rehabilitation

Poor candidate for rehabilitation

 Frailty*
Futility

*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.
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be identified.12–18 Risk prediction tools for transcatheter mitral valve repair are comparatively less
robust.17–19 The relationship between operator/
institutional case volume and outcomes has been
explored for surgical20 and transcatheter21–23 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.
Table 10. Median Operative Mortality Rates for Specific Surgical
Procedures (STS Adult Cardiac Surgery Database, 2019)
Procedure
AVR

Mortality Rate (%)
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
Recommendations for the Multidisciplinary Heart Valve Team and
Heart Valve Centers
COR

LOE

Recommendations

1

C-EO

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

C-LD

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

2a

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 decision-making and matching of
patients to providers with appropriate expertise, experience, and resources.12 Primary and Comprehensive
Heart Valve Centers are defined by their offerings and
expertise in the management of patients with VHD12
(Table 11).
TBD TBD, 2021
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Structure of Primary and Comprehensive Valve Centers

Comprehensive (Level I) Valve Center

Primary (Level II) Valve Center

Interventional procedures*
 TAVI–transfemoral

TAVI–transfemoral

 Percutaneous aortic valve balloon dilation

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

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 repair for posterior leaflet primary MR†

 Mitral valve replacement‡

Mitral valve replacement‡

 Multivalve operations
 Reoperative valve surgery
 Isolated or concomitant tricuspid valve repair or replacement

Concomitant tricuspid valve repair or replacement with mitral surgery

Imaging personnel

Downloaded from http://ahajournals.org by on December 17, 2020

 Echocardiographer with expertise in valve disease and transcatheter and
surgical interventions

Echocardiographer with expertise in valve disease and transcatheter and
surgical interventions

 Expertise in CT with application to valve assessment and procedural
planning

Expertise in CT with application to valve assessment and procedural planning

 Interventional echocardiographer to provide imaging guidance for
transcatheter and intraoperative procedures
 Expertise in cardiac MRI with application to assessment of VHD
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 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 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

MDT

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

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

 Cardiac anesthesia support

Cardiac anesthesia support

 Palliative care team

Palliative care team

 Vascular surgery support

Vascular surgery support

 Neurology stroke team

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

Echocardiography–comprehensive TTE for assessment of valve disease

 Cardiac CT

Cardiac CT

 ICU

ICU
(Continued )
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Continued

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

Primary (Level II) Valve Center
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§

Cardiac catheterization laboratory

 PPM and ICD implantation

PPM and ICD implantation

Criteria for institutional facilities and infrastructure
 IAC echocardiography laboratory accreditation

IAC echocardiography laboratory accreditation

 24/7 intensivist coverage for ICU
*A primary (Level II) Center may provide additional procedures traditionally offered at a Comprehensive (Level I) Center as long as the criteria for competence
and outcomes are met.
†If 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

Recommendation-Specific Supportive Text
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1. The MDT is an established feature of heart valve
programs20 and has been formally endorsed by the
ACC, the American Society of Echocardiography,
the Society 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 patient
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
members include cardiovascular nurses, cardiovascular anesthesiologists, and intensivists involved
in periprocedural care. Finally, the engagement of
the 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.
2. 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

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

support a relationship between institutional volume and mortality rate for many cardiovascular
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 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 cardiac
surgical care,14 between center volume and failure to rescue after procedural complications,15–17
and between center volume and elements of
infrastructure support.18,19

2.7. Management of Patients With VHD
After Valve Intervention
Interventions in patients with VHD include both transcatheter 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 periodic evaluation after intervention
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for early postprocedural issues, long-term medical
therapy, monitoring of the prosthetic valve or repair,
management of concurrent cardiac conditions, and
persistent symptoms or functional limitation. Endocarditis prophylaxis is discussed in Section 2.4.2; antithrombotic therapy for prosthetic 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 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 infection. 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.
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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 intervention, cardiovascular outcomes are improved overall because of a reduced rate of coronary
events.
Table 12.

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 disease 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
diastolic 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
COR

1

LOE

Recommendation

C-EO

1. In asymptomatic patients with any type of valve
intervention, a baseline postprocedural TTE
followed by periodic monitoring with TTE is
recommended, depending on type of intervention,
length of time after intervention, ventricular
function, and concurrent cardiac conditions.

Synopsis
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.

Timing of Periodic Imaging After Valve Intervention
Imaging Follow-Up*

Valve Intervention

Minimal Imaging Frequency†

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, 1 y, 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 diameter is ≥4.0 cm at time of AVR, as
detailed in Section 5.1

Primary Valve Center

*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.
†Repeat imaging is appropriate at shorter follow-up intervals for changing signs or symptoms, during pregnancy, and to monitor residual or concurrent cardiac dysfunction.
‡Imaging 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.
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1. In patients who have had a valve intervention,
most cardiologists continue to see patients for
a clinical history and physical examination at
annual intervals, or more frequently if needed for
symptoms or concurrent conditions. A baseline
TTE study is recommended after all valve interventions, including replacement with a prosthetic
valve (see Section 11.1). This baseline postprocedural study ideally is performed 1 to 3 months
after intervention to ensure loading conditions
have 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 imaging after valve
intervention is based on the type of valve prosthesis or repair, length of time after valve intervention, residual valve dysfunction, ventricular
size and systolic function, and any concurrent
cardiac conditions (Table 12). TTE is the standard
approach for periodic imaging, supplemented by
TEE when prosthetic mitral valve dysfunction is a
concern (see Section 11.1). Additional imaging
with CT, fluoroscopy CMR, or PET is reserved for
patients for whom there is concern about valve
dysfunction (see Section 11.1) or endocarditis
(see Section 12.1).1,2
Downloaded from http://ahajournals.org by on December 17, 2020

3. AORTIC STENOSIS

3.2. Aortic Stenosis
3.2.1. Diagnosis and Follow-Up
3.2.1.1. Diagnostic Testing: Initial Diagnosis
Recommendations for Diagnostic Testing: Initial Diagnosis of AS
Referenced studies that support the recommendations are
summarized in Online Data Supplement 3.
COR

LOE

1

1

2a

2a

2a

A
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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 determination of prognosis and
timing of valve intervention.1,2

B-NR

2. In patients with suspected low-flow, lowgradient severe AS with normal LVEF (Stage
D3), optimization of blood pressure control
is recommended before measurement of AS
severity by TTE, TEE, cardiac catheterization,
or CMR.3–7

B-NR

3. In patients with suspected low-flow, lowgradient severe AS with reduced LVEF
(Stage D2), low-dose dobutamine stress
testing with echocardiographic or invasive
hemodynamic measurements is reasonable
to further define severity and assess
contractile reserve.8–10

B-NR

4. In patients with suspected low-flow, lowgradient severe AS with normal or reduced
LVEF (Stages D2 and D3), calculation of the
ratio of the outflow tract to aortic velocity is
reasonable to further define severity.1,11–13

B-NR

5. In patients with suspected low-flow, lowgradient severe AS with normal or reduced
LVEF (Stages D2 and D3), measurement of
aortic valve calcium score by CT imaging is
reasonable to further define severity.14–18

3.1. Stages of Valvular AS
Medical and interventional approaches to the management of patients with valvular AS depend on accurate
diagnosis of the cause and stage of the disease process.
Table 13 shows the stages of AS, ranging from patients
at risk of AS (Stage A) or with progressive hemodynamic 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 (with a
normal LVEF). Meticulous attention to detail is required
during assessment of aortic valve hemodynamics, either
with Doppler echocardiography or cardiac catheterization, and the inherent variability of the measurements
and calculations should always be considered in clinical
decision-making.
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Recommendation-Specific Supportive Text
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Synopsis
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 evaluation 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 systolic
pressure.1,2,11,12,19–27
2. Measurements of AS severity made when the
patient is hypertensive may underestimate or, less
often, overestimate stenosis severity. Systemic
hypertension imposes a second pressure load on
the LV, in addition to valve obstruction, which
TBD TBD, 2021
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Stages of AS

Stage

Definition

A

At risk of AS

B

Progressive AS

Valve Anatomy
BAV (or other congenital
valve anomaly)

Valve Hemodynamics

Hemodynamic
Consequences

Symptoms

Aortic Vmax <2 m/s with
normal leaflet motion

None

None

Mild AS: aortic Vmax 2.0–2.9
m/s or mean ∆P <20 mm Hg

Early LV diastolic
dysfunction may be
present

None

Aortic valve sclerosis
Mild to moderate leaflet
calcification/fibrosis of a
bicuspid or trileaflet valve
with some reduction in
systolic motion or

Moderate AS: aortic Vmax
3.0–3.9 m/s or mean ∆P
20–39 mm Hg

Normal LVEF

Rheumatic valve changes
with commissural fusion
C: Asymptomatic severe AS
C1

Asymptomatic severe
AS

Severe leaflet calcification/
fibrosis or congenital
stenosis with severely
reduced leaflet opening

Aortic Vmax ≥4 m/s or mean
∆P ≥40 mm Hg

LV diastolic dysfunction

None

Mild LV hypertrophy

AVA typically is ≤1.0 cm2 (or
AVAi 0.6 cm2/m2) but not
required to define severe AS

Normal LVEF

Exercise testing is
reasonable to confirm
symptom status

LVEF <50%

None

Exertional dyspnea,
decreased exercise
tolerance, or HF

Very severe AS is an aortic
Vmax ≥5 m/s or mean P ≥60
mm Hg
C2

Asymptomatic severe
AS with LV systolic
dysfunction

Severe leaflet calcification/
fibrosis or congenital
stenosis with severely
reduced leaflet opening

Aortic Vmax ≥4 m/s or mean
∆P ≥40 mm Hg

Severe leaflet calcification/
fibrosis or congenital
stenosis with severely
reduced leaflet opening

Aortic Vmax ≥4 m/s or mean
∆P ≥40 mm Hg

LV diastolic dysfunction

AVA typically ≤1.0 cm2 (or
AVAi ≤0.6 cm2/m2) but may
be larger with mixed AS/AR

Pulmonary
hypertension may be
present

AVA ≤1.0 cm2 with resting
aortic Vmax <4 m/s or mean
∆P <40 mm Hg

LV diastolic dysfunction

HF

LV hypertrophy

Angina

LVEF <50%

Syncope or presyncope

AVA ≤1.0 cm2 (indexed AVA
≤0.6 cm2/m2) with an aortic
Vmax <4 m/s or mean ∆P <40
mm Hg

Increased LV relative
wall thickness

HF

Small LV chamber with
low stroke volume

Syncope or presyncope

AND

Restrictive diastolic
filling

AVA typically ≤1.0 cm2 (or
AVAi 0.6 cm2/m2) but not
required to define severe AS

D: Symptomatic severe AS
D1
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D2

Symptomatic severe
high-gradient AS

Symptomatic severe
low-flow, low-gradient
AS with reduced LVEF

Severe leaflet calcification/
fibrosis with severely
reduced leaflet motion

Dobutamine stress
echocardiography shows
AVA <1.0 cm2 with Vmax ≥4
m/s at any flow rate
D3

Symptomatic severe
low-gradient AS
with normal LVEF or
paradoxical low-flow
severe AS

Severe leaflet calcification/
fibrosis with severely
reduced leaflet motion

Stroke volume index <35
mL/m2

LV hypertrophy

Exertional angina
Exertional syncope or
presyncope

Angina

LVEF ≥50%

Measured when patient is
normotensive (systolic blood
pressure <140 mm Hg)
AR indicates aortic regurgitation; AS, aortic stenosis; AVA, aortic valve area circulation; AVAi, AVA indexed to body surface area; BAV, bicuspid aortic valve; ΔP,
pressure gradient between the LV and aorta HF, heart failure; LV, left ventricular; LVEF, left ventricular ejection fraction; and Vmax, maximum velocity.

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
e20
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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 cm2 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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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 patients 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 progression is an increase in velocity of 0.3 m/s, increase in mean pressure gradient
of 7 mm Hg, and decrease in valve area of 0.1 cm2.
There is marked individual variability, with more rapid
progression in older patients and in patients with more
severe leaflet calcification. In patients 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 underestimated 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 nondiagnostic or if there is a discrepancy between clinical
and echocardiographic evaluation, cardiac catheterization for determination of severity of AS can be helpful.
Transaortic pressure gradient recordings allow measurement of the mean transaortic gradient via simultaneous
LV and aortic pressure measurements. Aortic valve area
TBD TBD, 2021
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mismatch must be distinguished from primary
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 minute) under
appropriate clinical and hemodynamic 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 cm2. In contrast, in patients
with moderate AS and primary LV dysfunction,
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 dobutamine, referred to as
“lack of contractile reserve” or “lack of flow
reserve.”8,9,19,28–32
4. 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 continuity equation). An additional measurement that may be useful when there are discrepancies in these measures 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 independent 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
5. 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 severe 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 stiffness in women. CT imaging also is
used for procedural planning in patients undergoing TAVI, for measurement of annulus area,
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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 Online Data Supplement 4.
COR

2a

3: Harm

LOE

Recommendations

B-NR

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

B-NR

2. In symptomatic patients with severe
AS (Stage D1, aortic velocity ≥4.0
m/s or mean pressure gradient ≥40
mm Hg), exercise testing should not be
performed because of the risk of severe
hemodynamic compromise.5

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.
Downloaded from http://ahajournals.org by on December 17, 2020

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 challenging to separate normal exercise limitations from abnormal
symptoms that are attributable to AS, particularly
in elderly sedentary patients, exercise-induced
angina, excessive dyspnea early in exercise, dizziness, and syncope are consistent with symptoms
of AS. Exercise testing can also identify a limited
exercise 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
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2. As reported in several prospective and retrospective studies, the risk of exercise testing is low in
asymptomatic patients with AS. However, exercise testing is avoided in symptomatic patients
with AS because of a high risk of complications,
including syncope, ventricular tachycardia, and
death. In a prospective survey of 20 medical centers in Sweden that included 50 000 exercise tests
done over an 18-month period, the complication
rate was 18.4 per 10 000 tests; morbidity rate,
5.2 per 10 000 tests; and mortality rate, 0.4 per
10 000 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
Recommendations for Medical Therapy of AS
Referenced studies that support the recommendations are
summarized in Online Data Supplement 5.
COR

LOE

Recommendations

B-NR

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

1

A

2. In all patients with calcific AS, statin therapy
is indicated for primary and secondary
prevention of atherosclerosis on the basis of
standard risk scores.4–6

2b

B-R

3. In patients who have undergone TAVI,
renin–angiotensin system blocker therapy (ACE
inhibitor or ARB) may be considered to reduce
the long-term risk of all-cause mortality.7,8

3: No
Benefit

A

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

1

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 corroborated 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
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data to support the use of statins for prevention
of progression of AS.7,8,16,17
3.2.3. Timing of Intervention
Recommendations for Timing of Intervention of AS
Referenced studies that support the recommendations are
summarized in Online Data Supplements 4 and 6 to 10.
COR

LOE

Recommendations
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

1

A

1

B-NR

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

1

B-NR

3. In asymptomatic patients with severe AS
(Stage C1) who are undergoing cardiac
surgery for other indications, AVR is
indicated.12–16

1

B-NR

4. In symptomatic patients with low-flow, lowgradient severe AS with reduced LVEF (Stage
D2), AVR is recommended.17–24

1

B-NR

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

2a

B-NR

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 ≥10 mm Hg from
baseline to peak exercise.13,28–30

2a

B-R

7. In asymptomatic patients with very severe AS
(defined as an aortic velocity of ≥5 m/s) and
low surgical risk, AVR is reasonable.15,31–35

2a

B-NR

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

B-NR

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 ≥0.3 m/s per year.39,40

2a

2b

B-NR

10. In asymptomatic patients with severe highgradient 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

C-EO

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

Synopsis
See the table of recommendations for a summary of
recommendations from this section and Figure 2 for
indications for AVR in patients with AS. These recommendations 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.
TBD TBD, 2021
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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 normotensive patients with AS, although
no impact on progression of valve stenosis leading to symptoms requiring AVR was seen. Medical
therapy for hypertension 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 recommended 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
2. Concurrent CAD is common in patients with AS,
and all patients should be screened and treated
for hypercholesterolemia, with GDMT used for
primary and secondary prevention of CAD. In
RCTs of statin therapy for mild to moderate
AS, although aortic valve event rates 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
3. In patients undergoing TAVI, observational and
registry data show that those who were treated
with renin–angiotensin system blocker therapy
after the procedure had a lower 1-year mortality
rate than those not treated with renin–angiotensin system blocker therapy, 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 prescription, was associated with
a lower 1-year mortality rate among patients
with preserved LVEF but not among those with
reduced LVEF.7,8,16,17
4. 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
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Figure 2. Timing of intervention for AS.
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; ∆Pmean, 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 Vmax, maximum velocity.

Recommendation-Specific Supportive Text
1. In symptomatic patients with severe high-gradient AS (Stage D1), ample evidence demonstrates
the beneficial 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 avoided by appropriate treatment at the onset of even mild symptoms. Outcomes after surgical or transcatheter
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
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observation 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
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because an apparent small valve area may be
only moderate AS in a small patient; an aortic
valve area index ≤0.6 cm2/m2 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 TAVI
is lower in patients with low-flow severe AS than
in patients with normal-flow severe AS, AVR
appears beneficial, with an increase in stroke
volume and improved survival as compared with
medical therapy.18,25–27,54,68–76
6. Exercise testing may be helpful in clarifying
symptom status in patients with severe AS.
When symptoms are provoked by exercise testing, the patient is considered symptomatic and
meets a COR 1 recommendation 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. Decisions about
elective AVR in these patients include consideration of surgical risk, patient preferences,
and clinical factors, such as age and comorbid
conditions.13,28,77–82
7. 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 patients), 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 randomized trial of SAVR versus continued 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, anticoagulation
issues, and patient preferences.31–33,39
8. 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
TBD TBD, 2021
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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 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
4. Mean pressure gradient is a strong predictor of outcome after AVR, with better outcomes seen in patients 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 cm2 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 prospective
nonrandomized studies. LVEF typically increases
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
5. 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
mm Hg), and a valve area ≤1.0 cm2 when stroke
volume index is <35 mL/m2. 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
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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
9. 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 progression 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 cm2 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.
10.	 In adults with initially asymptomatic severe AS,
the rate of sudden death is low (<1% per year).
However, an aortic velocity ≥5 m/s or an LVEF
<60% each is associated with higher all-cause
and cardiovascular mortality rates in the absence
of AVR.31 A multivariate analysis of predictors of
death in a large cohort (>500 patients) showed
a >4-fold higher risk of cardiovascular death for
those with an LVEF <60% than for those with a
higher LVEF (HR: 4.47; 95% CI: 2.06 to 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
11.	 Hemodynamic progression eventually leading to
symptom 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 prospectively and when patients promptly report symptom onset. The rate of symptom onset is strongly
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dependent on the severity of AS, with an eventfree 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 asymptomatic AS
require periodic monitoring for development of
symptoms and progressive disease (Section 3.1).
In patients with moderate calcific AS undergoing
cardiac surgery 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 individualized on the basis
of the specific operative risk in each patient, 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 Online Data Supplements 11 and 12.
COR

1

1

LOE

Recommendations

C-EO

1. In patients with an indication for AVR,
the choice of prosthetic valve should be
based on a shared decision-making process
that accounts for the patient’s values and
preferences and includes discussion of the
indications for and risks of anticoagulant
therapy and the potential need for and risks
associated with valve reintervention.

C-EO

2. For patients of any age requiring AVR
for whom VKA anticoagulant therapy
is contraindicated, cannot be managed
appropriately, or is not desired, a bioprosthetic
AVR is recommended.

2a

B-R

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

B-NR

4. For patients 50 to 65 years of age who require
AVR and who do not have a contraindication
to anticoagulation, 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

B-R

5. In patients >65 years of age who require AVR,
it is reasonable to choose a bioprosthesis over
a mechanical valve.1

B-NR

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 Valve
Center.11–13

2b

Synopsis
Shared decision-making about the choice of prosthetic valve type is influenced by several factors,
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Otto et al

Recommendation-Specific Supportive Text

Downloaded from http://ahajournals.org by on December 17, 2020

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 reintervention for bioprosthetic valve deterioration and the risk of longterm anticoagulation should be discussed. Some
patients prefer to avoid repeat surgery and are
willing to accept the risks and inconvenience of
lifelong anticoagulant therapy. Other patients are
unwilling 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 bioprosthesis is greater in younger
patients, but the risk of bleeding from anticoagulation is higher in older patients. In patients with
shortened longevity and/or multiple comorbidities, a bioprosthesis might be more appropriate.
In women who desire subsequent pregnancy, the
issue of anticoagulation during pregnancy is an
additional consideration (see pregnancy-related
issues in Section 13.5).20,21
2. Anticoagulant therapy with VKA is necessary in all
patients with a mechanical valve to prevent valve
thrombosis and thromboembolic events. If anticoagulation is contraindicated or if the patient
refuses VKA therapy, an alternative valve choice
is appropriate. Newer anticoagulant agents have
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

not been shown to be safe or effective in patients
with mechanical heart valves.
3. Patients <50 years of age at the time of AVR incur
a higher and earlier risk of bioprosthetic valve
deterioration.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 bioprostheses 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 thromboembolic 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.
4. Uncertainty and debate continue about which
type of AVR is appropriate for patients 50 to
65 years of age. 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 thromboembolism 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
5. 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
TBD TBD, 2021
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including patient age, values, and preferences; expected bioprosthetic valve durability, avoidance of patient–prosthesis mismatch, and the potential need for
and timing of reintervention; and the risks associated
with long-term VKA anticoagulation with a mechanical valve replacement. 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 inconvenience 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 surgical 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
patients16–19 (Table 22).
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risk of bleeding complications related to VKA
therapy and more often require 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
durability of the valve exceeds the expected years
of life.
6. Replacement of the aortic valve with a pulmonary autograft (the Ross procedure) is a complex
operation involving replacement of the aortic
valve by the patient’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 homograft
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. Calcification of the homograft and
adhesions between the homograft 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 performed
only at Comprehensive Valve Centers by surgeons
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
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 Online Data Supplement 11 to 13.
COR

1

1

1

e28

LOE

Recommendations

A

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

A

2. For symptomatic patients with severe AS
who are 65 to 80 years of age and have no
anatomic contraindication 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

A

3. 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
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Recommendations for Choice of SAVR Versus TAVI for Patients for
Whom a Bioprosthetic AVR Is Appropriate (Continued)
COR

1

1

LOE

Recommendations

B-NR

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

B-NR

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

A

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

A

7. For symptomatic patients of any age with
severe AS and a high or prohibitive surgical
risk, TAVI is recommended if predicted postTAVI survival is >12 months with an acceptable
quality of life.12,13,14,15

1

1

1

C-EO

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

2b

C-EO

9. In critically ill patients with severe AS,
percutaneous aortic balloon dilation may be
considered as a bridge to SAVR or TAVI.

Synopsis
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 available 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
additional 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

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Otto et al

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

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://ahajournals.org by on December 17, 2020
Figure 3. Choice of SAVR versus TAVI when AVR is indicated for valvular AS.
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 anticoagulation. 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. †Placement 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 Thoracic Surgeons; TAVI, transcatheter aortic valve implantation; TF,
transfemoral; and VKA, vitamin K antagonist.
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statistical averages 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 comorbid
cardiac and noncardiac conditions, frailty, dementia,
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 indications for
and against each approach and the potential need for
and risks associated with valve reintervention.16–19
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1. SAVR has demonstrated excellent durability and
outcomes 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 surgical 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 recommend SAVR for
adults <65 years of age unless life expectancy is
limited by comorbid cardiac or noncardiac conditions. 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.
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 highvelocity severe AS (Stage D1). However, less
robust data from observational 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
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regardless of flow rate. TAVI has a slightly lower
mortality 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, 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 TAVI is 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 mechanical 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
3. TAVI is a safe and effective procedure for treatment of severe symptomatic AS in all adults
regardless of estimated surgical risk. The mortality
rate for transfemoral TAVI is 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 intervention, but most patients will consider
that the advantages 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 transfemoral 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 selfexpanding valve depends on patient anatomy and
other considerations.23–28
4. 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
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7. 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 standard
medical therapy (68%).12,14,34 Standard therapy
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 Association (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 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 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 hypertension, liver disease,
prior stroke, anemia, and other systemic conditions. The STS estimated surgical risk score provides a useful measure of the extent of patient
comorbidities and may help identify which
patients 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.
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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 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 potential need for and risks
associated with valve reintervention. Studies on
the potential benefit of TAVI in patients with
moderate AS and LV systolic dysfunction are in
progress.
5. 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 recommendation 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
6. 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 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.1,33
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Table 14.

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

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

Favors TAVI

Age/life expectancy*

Younger age/longer life expectancy

Older age/fewer expected remaining
years of life

Valve anatomy

BAV

Calcific AS of a trileaflet valve

Favors Palliation
Limited life expectancy

Subaortic (LV outflow tract) calcification
Rheumatic valve disease
Small or large aortic annulus†
Prosthetic valve preference

Mechanical or surgical bioprosthetic
valve preferred
Concern for patient–prosthesis
mismatch (annular enlargement might
be considered)

Concurrent cardiac conditions

Aortic dilation‡
Severe primary MR

Bioprosthetic valve preferred
Favorable ratio of life expectancy to
valve durability
TAVI provides larger valve area than
same size SAVR
Severe calcification of the ascending
aorta (“porcelain” aorta)

Irreversible severe LV systolic
dysfunction
Severe MR attributable to annular
calcification

Severe CAD requiring bypass grafting
Septal hypertrophy requiring myectomy
AF
Noncardiac conditions

Severe lung, liver, or renal disease
Mobility issues (high procedural risk
with sternotomy)

Symptoms likely attributable to
noncardiac conditions
Severe dementia
Moderate to severe involvement of
≥2 other organ systems
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Frailty

Not frail or few frailty measures

Frailty likely to improve after TAVI

Severe frailty unlikely to improve
after TAVI

Estimated procedural or surgical
risk of SAVR or TAVI

SAVR risk low

TAVI risk low to medium

TAVI risk high

SAVR risk high to prohibitive

Prohibitive SAVR risk (>15%) or postTAVI life expectancy <1 y

Procedure-specific impediments

Valve anatomy, annular size, or low
coronary ostial height precludes TAVI

Previous cardiac surgery with at-risk
coronary grafts

Valve anatomy, annular size, or
coronary ostial height precludes TAVI

Vascular access does not allow
transfemoral TAVI

Previous chest irradiation

Vascular access does not allow
transfemoral TAVI

Less uncertainty about valve durability

Accepts uncertainty about valve
durability and possible repeat
intervention

Life prolongation not an important
goal

Goals of Care and patient
preferences and values

Avoid repeat intervention
Lower risk of permanent pacer
Life prolongation
Symptom relief
Improved long-term exercise capacity
and QOL
Avoid vascular complications
Accepts longer hospital stay, pain in
recovery period

Higher risk of permanent pacer

Avoid futile or unnecessary
diagnostic or therapeutic procedures

Life prolongation

Avoid procedural stroke risk

Symptom relief

Avoid possibility of cardiac pacer

Improved exercise capacity and QOL
Prefers shorter hospital stay, less
postprocedural pain

*Expected remaining years of life can be estimated from US 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 5 y, 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.
†A 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.
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.
Modified from Burke et al.16

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
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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.
Immediate hemodynamic results include a
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4. AORTIC REGURGITATION
4.1. Acute Aortic Regurgitation
Downloaded from http://ahajournals.org by on December 17, 2020

Acute aortic regurgitation (AR) may result from abnormalities of the valve, most often endocarditis, or abnormalities of the aorta, primarily aortic dissection. Acute
AR may also occur as an iatrogenic complication of a
transcatheter procedure or after blunt chest trauma.
The acute volume overload on the LV usually results in
severe pulmonary 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 holodiastolic flow
reversal in the aortic arch, in comparison with the
forward systolic flow, provides a quick semiquantitative estimate of regurgitant fraction. Acute severe AR
caused by aortic dissection is a surgical emergency.
CT imaging is the primary approach for diagnosis of
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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 intervention. The sensitivity and specificity of
TTE for diagnosis of Type A3 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 determined 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 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 patients with
AR depends on an accurate diagnosis of the 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 severe 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.
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moderate reduction in the transvalvular pressure
gradient, but the postdilation valve area rarely
exceeds 1.0 cm2. 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 substitute 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 percutaneous 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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Table 15.
Stage
A

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

Stages of Chronic AR
Definition
At risk of AR

Valve Anatomy
BAV (or other congenital valve
anomaly)

Hemodynamic
Consequences

Valve Hemodynamics

Symptoms

AR severity: none or trace

None

None

Mild AR:

Normal LV systolic function

None

Aortic valve sclerosis
Diseases of the aortic sinuses or
ascending aorta
History of rheumatic fever or
known rheumatic heart disease
IE
B

Progressive AR

Mild to moderate calcification of
a trileaflet valve BAV (or other
congenital valve anomaly)
Dilated aortic sinuses
Rheumatic valve changes
Previous IE

Jet width <25% of LVOT
Vena contracta <0.3 cm

Normal LV volume or mild
LV dilation

 Regurgitant volume <30 mL/
beat
Regurgitant fraction <30%
ERO <0.10 cm2
 Angiography grade 1
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 cm2
Angiography grade 2

C

Asymptomatic
severe AR

Calcific aortic valve disease
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Bicuspid valve (or other
congenital abnormality)

Severe AR:
Jet width ≥65% of LVOT
Vena contracta >0.6 cm

Dilated aortic sinuses or
ascending aorta

 Holodiastolic flow reversal in
the proximal abdominal aorta

Rheumatic valve changes

 Regurgitant volume ≥60 mL/
beat

IE with abnormal leaflet closure
or perforation

C1: Normal LVEF (>55%)
and mild to moderate LV
dilation (LVESD <50 mm)
C2: Abnormal LV systolic
function with depressed
LVEF (≤55%) or severe LV
dilation (LVESD >50 mm or
indexed LVESD >25 mm/m2)

None; exercise
testing is
reasonable to
confirm symptom
status

Regurgitant fraction ≥50%
ERO ≥0.3 cm2
Angiography grade 3 to 4
 In addition, diagnosis of chronic
severe AR requires evidence of
LV dilation

D

Symptomatic
severe AR

Rheumatic valve changes

 Holodiastolic flow reversal in
the proximal abdominal aorta

Symptomatic severe AR may
occur with normal systolic
function (LVEF >55%), mild
to moderate LV dysfunction
(LVEF 40% to 55%), or
severe LV dysfunction (LVEF
<40%)

Previous IE with abnormal leaflet
closure or perforation

 Regurgitant volume ≥60 mL/
beat

Moderate to severe LV
dilation is present

Calcific valve disease

Severe AR:

Bicuspid valve (or other
congenital abnormality)

 Doppler jet width ≥65% of
LVOT

Dilated aortic sinuses or
ascending aorta

Vena contracta >0.6 cm

Exertional
dyspnea or
angina or
more severe HF
symptoms

Regurgitant fraction ≥50%
ERO ≥0.3 cm2
Angiography grade 3 to 4
 In addition, diagnosis of chronic
severe AR requires evidence of
LV dilation
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.
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4.3.1. Diagnosis of Chronic AR
Recommendations for Diagnostic Testing of Chronic AR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 14.
COR

LOE

Recommendations

1

B-NR

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

1

B-NR

2. In patients with a BAV or with known dilation
of the aortic sinuses or ascending aorta, TTE is
indicated to evaluate the presence and severity
of AR.1

1

B-NR

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, systolic and
diastolic volumes, aortic size, and AR severity.20–25

3. TTE and CMR are useful for evaluating patients
in whom there is discordance between clinical
assessment 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 regurgitation severity, is another option.20–25,28–30
4.3.2. Medical Therapy
Recommendations for Medical Therapy of Chronic AR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 14.
COR

1

LOE

Recommendations

B-NR

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

B-NR

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
recommended.4

Synopsis
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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) area1 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 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 longterm 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 identify AR in patients who have been deemed
to be at risk on the basis of the presence of known
aortic dilation or a condition associated with
abnormal aortic valve function, such as a BAV.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

1

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.

Recommendation-Specific Supportive Text
1. Severe AR is associated with a wide pulse pressure, such that systolic blood pressure is higher
than in patients without AR even when systemic
vascular resistance 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 without
a substantial reduction in diastolic blood pressure in patients with chronic AR.1,2,5–8
2. In symptomatic patients who are candidates
for surgery, 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
TBD TBD, 2021
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Downloaded from http://ahajournals.org by on December 17, 2020

COR

LOE

Recommendations

patients with AR. This is an area in need of further
investigation. 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.

1

B-NR

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

Recommendation-Specific Supportive Text

1

B-NR

2. 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

1

C-EO

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

2a

B-NR

4. 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/m2) (Stage C2).10,11,13–24

2a

C-EO

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

2b

B-NR

6. 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 enddiastolic dimension [LVEDD]
>65 mm).12,16,17,20,25–28

3: Harm

B-NR

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

Recommendations for Timing of Intervention for Chronic AR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 15 to 17.

Synopsis
Most patients with indications for surgery for chronic
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 undergoing 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 not yet generalizable, and durability is not known. Current recommendations for AVR
related to severity of LV dilation are based on measurement of LV short-axis diameters. There are limited
data demonstrating prognostic value of LV volume
measurements in chronic AR using left ventriculography,43 2D echocardiography,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
relationship between LV volumes and outcomes of
e36
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1. Symptoms are an important indication for AVR
in patients 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 remodeling 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 small patients.13,19,52 Recent data indicate that the LVESD index threshold for optimal
postoperative survival may be even smaller than
25 mm/m2,14–16 but more outcome data, and ideally an RCT, of earlier intervention are needed.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 4. Timing of intervention for AR.
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, vena contracta

Downloaded from http://ahajournals.org by on December 17, 2020

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.
5. 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 concurrently 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
6. LVEDD, a marker of the severity of LV volume
overload 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
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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
provides confidence that AR is the cause of LV dilation or decrease in LVEF. When there is an apparent
significant fall in EF or increase in LV size, repeat
imaging typically is performed at 3- to 6-month
intervals unless there is clinical deterioration.
7. 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
calcification. Risks of TAVI for treatment of AR
include transcatheter valve migration and significant paravalvular 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.

TBD TBD, 2021

e37

CLINICAL STATEMENTS
AND GUIDELINES

Otto et al

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

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 Online Data Supplement 18.
COR

1

1

2b

LOE

Recommendations

B-NR

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

C-LD

2. In patients with BAV, CMR angiography or CT
angiography is indicated when morphology
of the aortic sinuses, sinotubular junction, or
ascending aorta cannot be assessed accurately
or fully by echocardiography.4,5

B-NR

3. 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

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.
2. 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 preference,
insurance coverage, institutional expertise, and
consideration of radiation exposure.
3. 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
5.1.1.2. Diagnostic Testing: Routine Follow-Up
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Synopsis

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

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 independent 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).

Referenced studies that support the recommendations are
summarized in Online Data Supplement 18.

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 enlargement 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
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COR

2a

2a

LOE

Recommendations

C-LD

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

B-NR

2. In patients with a BAV who have undergone
AVR, continued lifelong serial interval imaging
of the aorta is reasonable if the diameter of
the aortic sinuses or ascending aorta is ≥4.0
cm.6,7

Synopsis
Patients with BAV with and without associated aortic
aortopathy require lifelong surveillance. Because progression of valve disease and growth of the aorta can
occur in the absence of symptoms, diagnostic imaging
plays an integral role in the surveillance process.

Recommendation-Specific Supportive Text
1. Aortopathy is present in approximately 20% to
40% of patients with a BAV and is associated with
dilation of 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 5. Intervals for imaging the aorta in
patients with a BAV.
Colors correspond to Table 2. BAV indicates
bicuspid aortic valve; CTA, computed tomographic
angiography; CMR, cardiac magnetic resonance;
TTE, transthoracic echocardiography.
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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
>11 000 patients with a BAV, aortic dilation was
present in 20% to 40%, but only 0.4% suffered
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 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 monitoring. In patients
with milder dilation that shows 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 who underwent isolated AVR with a
median of 12 years of follow-up, subsequent
aortic dissection occurred in 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

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
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 Online Data Supplement 18.
COR

1

2a

LOE

Recommendations

B-NR

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 recommended.1–3

B-NR

2. 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
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Recommendations for Intervention: Replacement of the Aorta in
Patients With a BAV (Continued)
COR

LOE

Recommendations

2a

B-NR

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

2b

C-LD

4. In patients with a BAV who meet criteria for
replacement of the aortic sinuses, valve-sparing
surgery may be considered if the surgery is
performed at a Comprehensive Valve Center.8,9

B-NR

5. 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

Synopsis
The timing and type of surgery for replacement of the
aorta are dependent on the anatomy of the aorta (as
demonstrated on imaging), patient characteristics, and
institutional expertise (Figure 6).

Recommendation-Specific Supportive Text
Downloaded from http://ahajournals.org by on December 17, 2020

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 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 individualized approach to the timing of
surgical intervention 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
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
3. 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
e40
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patients undergoing AVR because of severe AS or
AR, replacement of the ascending aorta is reasonable when the aortic diameter is >4.5 cm.4–7,10–14
4. There are a limited number of patients with BAV
who meet criteria for operative intervention on
the aortic 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 Comprehensive 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 diameter of the aortic sinuses
and/or ascending aorta of 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 healthcare team is
needed to clearly outline the risks of surgery 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 Online Data Supplement 18.
COR

LOE

Recommendations

2b

C-LD

1. In patients with BAV and severe AR who meet
criteria for AVR, aortic valve repair may be
considered in selected patients if the surgery is
performed at a Comprehensive Valve Center.1–3

B-NR

2. In patients with BAV and symptomatic, severe
AS, TAVI may be considered as an alternative
to SAVR after consideration of patientspecific procedural risks, values, trade-offs,
and preferences, and when the surgery is
performed at a Comprehensive Valve Center.4–6

2b

Synopsis
The indications for the timing of aortic valve intervention 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 prosthetic 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.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 6. Intervention for replacement of the
aorta in patients with a BAV.
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.
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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 complexities 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 procedures performed
in the United States, suggest that with the use
of newer-generation prosthetic valves the rate of
paravalvular leak is no different in patients with a
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

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)
TBD TBD, 2021
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Stages of MS

Stage

Definition

Valve Anatomy

Valve Hemodynamics

Hemodynamic
Consequences

Symptoms

A

At risk of MS

Mild valve doming during diastole

Normal transmitral flow velocity

None

None

B

Progressive MS

Rheumatic valve changes with
commissural fusion and diastolic
doming of the mitral valve leaflets

Increased transmitral flow
velocities

Mild to moderate LA
enlargement

None

Mitral valve area >1.5 cm2

Planimetered mitral valve area
>1.5 cm2

Diastolic pressure half-time
<150 ms

Normal pulmonary
pressure at rest

Rheumatic valve changes with
commissural fusion and diastolic
doming of the mitral valve
leaflets

Mitral valve area ≤1.5 cm2

Severe LA enlargement

Diastolic pressure half-time
≥150 ms

Elevated PASP >50
mm Hg

Mitral valve area ≤1.5 cm2

Severe LA enlargement

Diastolic pressure half-time
≥150 ms

Elevated PASP >50
mm Hg

C

Asymptomatic severe
MS

None

Planimetered mitral valve area
≤1.5 cm2
D

Symptomatic severe MS

Rheumatic valve changes with
commissural fusion and diastolic
doming of the mitral valve leaflets

Decreased
exercise
tolerance
Exertional
dyspnea

Planimetered mitral valve area
≤1.5 cm2

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.
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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 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 rheumatic heart disease, nonrheumatic calcific MS is found with increasing frequency in the elderly population in high-income
countries Calcific MS is the result of calcification of the mitral annulus that extends into the leaflet bases, resulting in
both narrowing of the annulus and rigidity 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 cm2 is considered severe, which
typically corresponds to a transmitral mean gradient of
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>5 mm Hg to 10 mm Hg at a normal heart rate. However, mean pressure gradient is highly dependent on
transvalvular 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 formula, 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 Online Data Supplement 19.
COR

1

1

LOE

Recommendations

B-NR

1. In patients with signs or symptoms of
rheumatic MS, TTE is indicated to establish
the diagnosis, quantify hemodynamic severity,
assess concomitant valvular lesions, and
demonstrate valve morphology (to determine
suitability for mitral commissurotomy).1–3

C-LD

2. In patients considered for percutaneous
mitral balloon commissurotomy (PMBC), TEE
should be performed to assess the presence or
absence of LA thrombus and to evaluate the
severity of MR.4–6

Synopsis
For patients with rheumatic MS, TTE is the initial diagnostic test to determine the severity of the stenosis

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Otto et al

Recommendation-Specific Supportive Text
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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 calcification with
subvalvular chordal fusion.10,11 Characterization
of commissural morphology and calcification further predicts suitability for commissurotomy.2,3,12,13
Additional assessment of rheumatic MS includes
the mitral pressure half-time, with 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
continuity 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 technically 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 shadowing of the
LA on TTE may result in underestimation of MR
severity. MR that is more than mild is a contraindication 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; progressive
narrowing of the mitral valve attributable to leaflet fibrosis and thickening; progressive pulmonary hypertension;

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

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 perioperative 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 parameters that may
contribute to a change in symptoms.
6.2.1.3. Diagnostic Testing: Routine Follow-Up
Rheumatic MS is a slowly progressive disease, characterized 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 cm2 per
year on average), although the rate of progression
is highly variable.3 Importantly, progressive 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,
occasionally supplemented by TEE. However, there will
be a subset of patients with nondiagnostic studies or
for whom there is discordance between the clinical and
echocardiographic 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
pressures 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 diastolic pressure and pulmonary artery pressure can provide 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

1

LOE

Recommendation

C-LD

1. In patients with rheumatic MS and a
discrepancy between resting echocardiographic
findings and clinical 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
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
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1. Exercise testing with hemodynamics is helpful in
the management of rheumatic MS when a patient’s
symptoms 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 exercise is preferred in general as the more
physiological test.1–6 Most experience is with treadmill exercise, with images and Doppler obtained
immediately after stress, but bicycle exercise allows
data acquisition at various stages of exercise. Bicycle
exercise testing during cardiac 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 patient’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 Online Data Supplement 20.
COR

LOE

Recommendations

1

C-LD

1. In patients with rheumatic MS and 1) AF, 2)
a prior embolic event, or 3) an LA thrombus,
anticoagulation with a VKA is indicated.1–7

2a

C-LD

2. In patients with rheumatic MS and AF with a
rapid ventricular response, heart rate control
can be beneficial.8

2a
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3. In patients with rheumatic MS in normal sinus
rhythm with symptomatic resting or exertional
sinus tachycardia, heart rate control can be
beneficial to manage symptoms.9–15

Synopsis
In patients with rheumatic MS and AF, anticoagulation
decreases the incidence of thromboembolic events. Anticoagulation can also decrease the incidence of thromboembolic 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 rhythm in the absence of tachycardia may
result in chronotropic 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 rheumatic MS in normal
sinus rhythm on the basis of LA enlargement or
spontaneous contrast on TEE.17,18 Patients with
very large left atria have more spontaneous 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
2. Patients with rheumatic MS are prone to developing atrial arrhythmias—specifically AF. Significant
detrimental hemodynamic consequences may be
associated with the acute development of AF, primarily from the rapid ventricular response, which
shortens the diastolic filling period and increases
LA pressure.16 The treatment of acute AF consists
of anticoagulation and control of the heart rate
response with negative dromotropic agents. If the
rate cannot be adequately controlled with medications, cardioversion may be necessary to improve
hemodynamics. In the stable patient, the decision
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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6.2.3. Intervention
Recommendations for Intervention for Rheumatic MS
Referenced studies that support the recommendations are
summarized in Online Data Supplements 21 to 24.
COR

1

1

LOE

A

B-NR

Recommendations
1. In symptomatic patients (NYHA class II, III, or
IV) with severe rheumatic MS (mitral valve
area ≤1.5 cm2, 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
2. In severely symptomatic patients (NYHA class
III or IV) with severe rheumatic MS (mitral
valve area ≤1.5 cm2, 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
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Recommendations for Intervention for Rheumatic MS
(Continued)
COR

2a

2b

2b

2b

LOE

Recommendations

B-NR

3. In asymptomatic patients with severe
rheumatic MS (mitral valve area ≤1.5 cm2,
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

C-LD

4. In asymptomatic patients with severe
rheumatic MS (mitral valve area ≤1.5 cm2,
Stage C) and favorable 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

C-LD

5. In symptomatic patients (NYHA class II, III,
or IV) with rheumatic MS and an mitral
valve area >1.5 cm2, if 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

B-NR

6. In severely symptomatic patients (NYHA class
III or IV) with severe rheumatic MS (mitral valve
area ≤1.5 cm2, 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 0 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 commissurotomy). Although these procedures can result in excellent
outcomes by splitting open fused commissures to relieve stenosis, both the catheter-based and the surgical
procedures 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
interventional procedures. Mitral valve replacement is an
option 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 efficacy of PMBC as compared with surgical
closed or open commissurotomy in patients with a
TBD TBD, 2021
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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 itself
may lead to progressive fibrosis and enlargement
of the atria, fibrosis of the internodal and interatrial
tracts, and damage to the sinoatrial node.
3. The use of negative dromotropic agents for the
treatment of symptoms in patients with rheumatic
MS in normal sinus rhythm has been controversial.
Although a reduction in heart rate and prolongation of the diastolic filling period will decrease the
transmitral mean gradient, studies have shown
that treatment with beta blockade may not
improve or may even decrease exercise tolerance,
most likely because of the limitation of the cardiac
output attributable to a limited stroke volume and
chronotropic incompetence.9–11 Nonetheless, there
are now several randomized trials that have examined beta blockers and ivabradine in patients 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 chronotropic incompetence, whereas the randomized
trials showing benefit were performed primarily in
younger patients with higher resting and exerciseinduced 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 incompetence. 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.
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Figure 7. Intervention for MS.
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.
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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
2. Mitral valve surgery is an established therapy for
rheumatic MS, with the preferred approach being
commissurotomy (either closed, where the valve is
e46
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opened blindly through the LA or LV, or open, which
allows more extensive surgery under direct visualization) when anatomy is favorable.31–36 However,
in the presence of severe valvular thickening and
subvalvular 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 undergoing 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.
3. Although most patients with rheumatic MS who are
asymptomatic will do well for years without intervention, 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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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
suboptimal 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
Recommendation for Nonrheumatic Calcific MS
COR

2b

LOE

Recommendation

C-LD

1. In severely symptomatic patients (NYHA class
III or IV) with severe MS (mitral valve area ≤1.5
cm2, Stage 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
Although most MS in the world results from rheumatic
heart disease, calcific MS is found with increasing frequency in the elderly population in high-income countries.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 unaffected.
The progression of calcific MS is variable, ranging from
an increase of <1.0 to up to 9 mm Hg 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 extensive calcification, as well as advanced age and multiple comorbidities. Thus, in patients with calcific MS, the indications for
any intervention differ from those for rheumatic MS, and
intervention for calcific MS should be performed only in
the highly symptomatic patient. Nonrheumatic MS can
also be present after radiation therapy and after a mitral
valve repair with a small annuloplasty ring.

Recommendation-Specific Supportive Text
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 commissural fusion, there is no role
TBD TBD, 2021
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intervention.14,39 An elevated pulmonary arterial
resistance before 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 pulmonary hypertension. Correction of the MR before irreversible
changes occur can be curative. Thus, in chronic
primary MR, MR is the disease.
4. The new onset of AF may be an indication for proceeding 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 damage. 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
intervening early, there is a documented improvement in P-wave dispersion after PMBC, which may
affect the ability to restore normal sinus rhythm.15
5. Some patients have symptoms from rheumatic
MS even with a mitral valve area >1.5 cm2 and
a resting 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 PMBC. However, in all such series, this
predictive ability is not absolute, with 42% of
patients with an anatomic valve Wilkins morphology score >822,23,31,32 having an optimal outcome
(25% increase in mitral valve area to >1.5 cm2) and
38% of patients with commissural calcium having
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for PMBC or surgical commissurotomy. 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

Downloaded from http://ahajournals.org by on December 17, 2020

Acute MR may be caused by disruption of different parts
of the mitral valve apparatus. IE may cause leaflet perforation or chordal rupture. Spontaneous chordal rupture
may occur in patients with myxomatous mitral valve disease. Rupture of the papillary muscle occurs in patients
who have an acute ST-segment–elevation myocardial
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 pulmonary 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 function 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 abscesses that may further accentuate the need for a more urgent surgical approach.1
7.1.2. Medical Therapy
Vasodilator therapy improves hemodynamic compensation 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
e48
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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
nicardipine. Use of vasodilators is often limited by systemic hypotension that is exacerbated when peripheral
resistance is decreased. Intra-aortic balloon counterpulsation can be helpful to treat acute severe MR. By lowering systolic aortic pressure, intra-aortic balloon counterpulsation decreases 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 surgical 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
conditions have more differences than similarities. Primary 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 components of the valve (leaflets, chordae tendineae, papillary muscles, annulus) causes valve incompetence, with
systolic regurgitation 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 degeneration 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 arrhythmias, 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 intervention. Other
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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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 Online Data Supplement 25.
COR

1

1

1
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1

LOE

Recommendations

B-NR

1. In patients with known or suspected primary
MR, TTE is indicated for baseline evaluation
of LV size and function, RV function, LA size,
pulmonary artery pressure, and the mechanism
and severity of primary MR (Stages A to D).1–5

C-EO

2. In patients with primary MR, when TTE
provides insufficient or discordant information,
TEE is indicated for evaluation of the severity
of MR, mechanism of MR, and status of LV
function (Stages B to D).

B-NR

3. In patients with primary MR, CMR is indicated
to assess LV and RV volumes and function and
may help with assessing MR severity when
there is a discrepancy between the findings on
clinical assessment and echocardiography.6–9

B-NR

4. In patients with severe primary MR undergoing
mitral intervention, intraoperative TEE is
indicated to establish the anatomic basis for
primary MR (Stages C and D) and to guide
repair.10,11

Synopsis
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.

Recommendation-Specific Supportive Text
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 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

approximately 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 conventional color Doppler parameter
may overestimate its severity on a single image
frame. Volumetric measurements provide a better
assessment in this situation.9
2. 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 provide 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 beforehand.
Thus, if repair is likely, it might be performed earlier in the course of the disease than if replacement is necessary.
3. 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 echocardiographic
data in predicting outcomes. CMR is less helpful
in establishing mitral pathoanatomy.
TBD TBD, 2021
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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.
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Table 17.

Stages of Chronic Primary MR

Stage

Definition

A

B

At risk of MR

Progressive MR

Valve Anatomy

Hemodynamic
Consequences

Valve Hemodynamics*

Mild mitral valve prolapse with
normal coaptation

No MR jet or small central jet
area <20% LA on Doppler

Mild valve thickening and leaflet
restriction

Small vena contracta <0.3 cm

Moderate to severe mitral valve
prolapse with normal coaptation
Rheumatic valve changes with
leaflet restriction and loss of
central coaptation
Prior IE

Symptoms

None

None

Central jet MR 20%–40% LA
or late systolic eccentric jet MR

Mild LA enlargement

None

Vena contracta <0.7 cm

Normal pulmonary
pressure

Regurgitant volume <60 mL

No LV enlargement

Regurgitant fraction <50%
ERO <0.40 cm2
Angiographic grade 1+ to 2+

C

Asymptomatic severe
MR

Severe mitral valve prolapse with
loss of coaptation or flail leaflet

Central jet MR >40% LA or
holosystolic eccentric jet MR

Moderate or severe LA
enlargement

Rheumatic valve changes with
leaflet restriction and loss of
central coaptation

Vena contracta ≥0.7 cm

LV enlargement

Regurgitant volume ≥60 mL

Pulmonary hypertension
may be present at rest or
with exercise

Prior IE
Thickening of leaflets with
radiation heart disease

Regurgitant fraction ≥50%
ERO ≥0.40 cm2
Angiographic grade 3+ to 4+

None

C1: LVEF >60% and
LVESD <40 mm
C2: LVEF ≤60% and/or
LVESD ≥40 mm

D

Symptomatic severe MR

Severe mitral valve prolapse with
loss of coaptation or flail leaflet

Central jet MR >40% LA or
holosystolic eccentric jet MR

Moderate or severe LA
enlargement

Rheumatic valve changes with
leaflet restriction and loss of
central coaptation

Vena contracta ≥0.7 cm

LV enlargement

Decreased
exercise
tolerance

Regurgitant volume ≥60 mL

Pulmonary hypertension
present

Exertional
dyspnea

Prior IE
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Thickening of leaflets with
radiation heart disease

Regurgitant fraction ≥50%
ERO ≥0.40 cm2
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.

4. 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 performed, 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 increases 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
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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 Online Data Supplement 26.
COR

1

LOE

Recommendation

B-NR

1. In patients with primary MR (Stages B to
D) and new-onset or changing symptoms,
TTE is indicated to evaluate the mitral valve
apparatus and LV function.1,2

Synopsis
A repeat TTE provides clinically relevant information
about patients who are being followed for primary MR
who develop new-onset symptoms.
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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 pressure; decrease in RV function; or the
coexistence of TR. Therefore, symptoms add pathophysiological data not readily available from imaging, if other confounding factors can be excluded.
Furthermore, there is no evidence 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 attributable to MR or its effect on the LV, which in turn
supports 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
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Referenced studies that support the recommendations are
summarized in Online Data Supplement 27.
COR

1

2b

LOE

Recommendations

B-NR

1. For asymptomatic patients with severe primary
MR (Stages B and C1), TTE is indicated every
6 to 12 months for surveillance of LV function
(estimated by LVEF, LVEDD, and LVESD) and
assessment of pulmonary artery pressure.1–11

B-NR

2. In asymptomatic patients with severe
primary MR (Stages B and C1), use of serum
biomarkers and novel measurements of LV
function, such as global longitudinal strain,
may be considered as an adjunct to guide
timing of intervention.12–21

Synopsis
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 pulmonary 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
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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, management decisions that
rest on these measurements should be confirmed by repeat sequential TTE. In patients 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 considerations, because regurgitation
may worsen over 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 natriuretic peptide
levels may be helpful in making management
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 longitudinal strain, may be useful adjuncts in assessing LV
function in patients with chronic MR.
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 hemodynamic examination in a symptomatic
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patient with what appears to be less than severe MR
suggests a noncardiac cause for the symptoms. Hemodynamic evaluation can be especially helpful in patients
with concomitant lung disease. Normal LA (or pulmonary artery wedge) pressure and a large transpulmonary
gradient suggest pulmonary hypertension that is attributable to lung disease rather than mitral valve disease.
Left ventriculography 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 quantifying MR severity. Additional hemodynamic interventions, such as exercise or leg raising, may be
helpful when the resting information is equivocal.
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 Online Data Supplement 28.
COR

2a

LOE

Recommendation

B-NR

1. In patients with primary MR (Stages B and
C) and symptoms that might be attributable
to MR, hemodynamic exercise testing
using Doppler echocardiography or cardiac
catheterization or cardiopulmonary exercise
testing is reasonable.1–4
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Synopsis
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 assessment. Additional
information about a cardiac or noncardiac limitation can be obtained from oxygen consumption
measurements during exercise. When patients do
complain of symptoms, they usually complain of
dyspnea with exertion, yet noninvasive evaluation
is usually made at rest. Exercise echocardiography
or exercise invasive hemodynamics may add additional prognostic value beyond conventional exercise treadmill 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
e52
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7.2.3. Medical Therapy
Recommendations for Medical Therapy for Chronic Primary MR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 29.
COR

2a

3: No
Benefit

LOE

Recommendations

B-NR

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.1–3

B-NR

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

Synopsis
In patients with primary MR, there is no convincing
evidence that vasodilator therapy reduces MR severity.
However, GDMT for LV systolic dysfunction or systemic
hypertension should be implemented as in any patient
with these conditions.

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 standard regimen for HF,
including beta-adrenergic blockade, ACE inhibitors
or ARBs, and possibly aldosterone 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 receiving beta blockers may have better surgical outcomes and delayed
onset of LV dysfunction as compared with those
not taking these medications.3 ACE inhibition has
not been effective in experimental MR with LV
dysfunction. Because aldosterone antagonism is
thought to work in part by inhibiting fibrosis, its
role in MR, where little fibrosis occurs, is unclear.
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 vasodilators decrease
LV size and mitral closing force, they may increase
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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7.2.4. Intervention
Recommendations for Intervention for Chronic Primary MR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 30.
COR

LOE

Recommendations

1

B-NR

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

1

B-NR

2. In asymptomatic patients with severe primary
MR and LV systolic dysfunction (LVEF ≤60%,
LVESD ≥40 mm) (Stage C2), mitral valve
surgery is recommended.3–10

B-NR

3. 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

B-NR

4. In asymptomatic patients with severe
primary MR and normal LV systolic function
(LVEF ≥60% 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

C-LD

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

B-NR

6. In severely symptomatic patients (NYHA class
III or IV) with primary severe MR and high or
prohibitive surgical risk, transcatheter edge-toedge 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

B-NR

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

B-NR

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

1
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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 moderate 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 anticoagulation. The Heart Valve
Team should assign complex 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.
However, some low-volume hospitals outperform the
median high-volume hospitals. This overlap suggests that
hospital- 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 prognosis 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 approaches 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 surveillance 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 dysfunction and a
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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 wellknown 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.
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Figure 8. Primary MR.
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.

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
3. Repair success increases with surgical volume and
expertise, which is a principle guiding surgical
referral.21,27 However, mitral valve replacement is
preferable to a poor repair. The results of a minimally invasive 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,
e54
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approximately 95% freedom from reoperation,
and >80% freedom from recurrent moderate or
severe MR at 15 to 20 years after operation are exp
ected.23,24,39,40
4. 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 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 unwanted valve replacement and
its attendant risks, or a failed repair necessitating reoperation, could be a complication of this
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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10 years. Repair of rheumatic mitral valve disease
should be limited to patients 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
degenerative mitral disease, when leaflet dysfunction is sufficiently limited that only annuloplasty and repair of the posterior leaflet are
necessary, has led to outcomes distinctly superior to those with biological or 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 idiopathic myocardial disease (nonischemic chronic secondary 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 secondary MR are associated with a smaller
TBD TBD, 2021
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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
patients 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 operation as opposed to watchful waiting
have a lower risk of developing HF and lower
mortality rates.4,13,15
5. 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 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 progressive
decrease of LVEF toward 60% or a progressive
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 prohibitive
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
thickened or calcified leaflets, extensive subvalvular disease 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
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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 intervention for secondary MR,3–6 the recommended definition of severe secondary MR is now the
same as for primary MR (ERO ≥0.4 cm2 and regurgitant
volume ≥60 mL) (Table 18).
7.3.2. Diagnosis of Chronic Secondary MR
Recommendations for Diagnosis of Secondary MR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 31.
COR

LOE

Recommendations

B-NR

1. In patients with chronic secondary MR (Stages
B to D), TTE is useful to establish the etiology
and to assess the extent of regional and
global LV remodeling and systolic dysfunction,
severity of MR, and magnitude of pulmonary
hypertension.1,2

C-EO

2. In patients with chronic secondary MR (Stages
B to D), noninvasive imaging (stress nuclear/
PET, CMR, or stress echocardiography),
coronary CT angiography, or coronary
arteriography is useful to establish etiology of
MR and to assess myocardial viability.

1

B-NR

3. In patients with chronic secondary MR
with severe symptoms (Stage D) that are
unresponsive to GDMT who are being
considered for transcatheter mitral valve
interventions, TEE is indicated to determine
suitability for the procedure.3–8

1

C-EO

4. In patients with chronic secondary MR
undergoing transcatheter mitral valve
intervention, intraprocedural guidance with
TEE is recommended.4,7,9–13

1

1
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Synopsis
In symptomatic patients with chronic secondary MR, TTE
is the initial diagnostic modality. Assessment of the coronary anatomy and myocardial viability may be helpful in
management if ischemic MR is suspected. If transcatheter
mitral valve intervention is contemplated, TEE determines
suitability for the procedure and guides the procedure.1

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 dysfunction 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
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secondary MR have global LV dysfunction, but in
some patients, a limited but strategically 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 mm2, but outcome studies have shown
poor prognosis in those with moderate MR (ERO
≥20 mm2).1,2
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 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 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 respond to
revascularization.16–18
3. 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 Regurgitation) 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
4. 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 necessary to reduce MR, and assuring that the clip(s) has not created MS.4,7,9–13
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Stages of Secondary MR

Stage

Definition

A

At risk of MR

Valve
Hemodynamics*

Valve Anatomy
Normal valve leaflets, chords,
and annulus in a patient with
CAD or cardiomyopathy

No MR jet or small
central jet area <20%
LA on Doppler
Small vena contracta
<0.30 cm

B

Progressive MR

C

Asymptomatic
severe MR

Symptomatic
severe MR

Normal or mildly dilated LV
size with fixed (infarction) or
inducible (ischemia) regional
wall motion abnormalities
Primary myocardial disease
with LV dilation and systolic
dysfunction

Regional wall motion
abnormalities with mild
tethering of mitral leaflet

ERO <0.40 cm2†

Annular dilation with mild loss
of central coaptation of the
mitral leaflets

Regurgitant fraction
<50%

LV dilation and systolic
dysfunction attributable to
primary myocardial disease

Regional wall motion
abnormalities and/or LV dilation
with severe tethering of mitral
leaflet

ERO ≥0.40 cm2†

Regional wall motion
abnormalities with reduced
LV systolic function

Annular dilation with severe
loss of central coaptation of the
mitral leaflets
D

Associated Cardiac
Findings

Regional wall motion
abnormalities and/or LV dilation
with severe tethering of mitral
leaflet
Annular dilation with severe
loss of central coaptation of the
mitral leaflets

Regurgitant volume
<60 mL

Regurgitant volume
≥60 mL‡

Regional wall motion
abnormalities with reduced
LV systolic function

Regurgitant fraction
≥50%

LV dilation and systolic
dysfunction attributable to
primary myocardial disease

ERO ≥0.40 cm2†

Regional wall motion
abnormalities with reduced
LV systolic function

Regurgitant volume
≥60 mL‡
Regurgitant fraction
≥50%

LV dilation and systolic
dysfunction attributable to
primary myocardial disease

Symptoms
Symptoms attributable
to coronary ischemia or
HF may be present that
respond to revascularization
and appropriate medical
therapy
Symptoms attributable
to coronary ischemia or
HF may be present that
respond to revascularization
and appropriate medical
therapy
Symptoms attributable
to coronary ischemia or
HF may be present that
respond to revascularization
and appropriate medical
therapy
HF symptoms attributable
to MR persist even after
revascularization and
optimization of medical
therapy
Decreased exercise
tolerance
Exertional dyspnea
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*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.
†The 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.

7.3.3. Medical Therapy
Recommendations for Medical Therapy for Secondary MR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 31.
COR

1

1

LOE

Recommendations

A

1. Patients with chronic severe secondary MR
(Stages C and D) and HF with reduced LVEF
should receive standard GDMT for HF, including
ACE inhibitors, ARBs, beta blockers, aldosterone
antagonists, and/or sacubitril/valsartan, and
biventricular pacing as indicated.1–11

C-EO

2. In patients with chronic severe secondary
MR and HF with reduced LVEF, a cardiologist
expert in the 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
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.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Recommendation-Specific Supportive Text
1. Chronic secondary MR usually develops as a result
of LV systolic dysfunction. Thus, standard GDMT
for HF forms the mainstay of therapy. Diuretics,
beta blockers, 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 patients,
which reduces severity of secondary MR.1–11
2. Secondary MR is often responsive to GDMT
(including coronary revascularization or cardiac resynchronization therapy in appropriate
patients). Optimization of 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
symptoms are truly refractory to GDMT before
decisions are made for surgical or transcatheter
treatment.9,12
TBD TBD, 2021
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7.3.4. Intervention
Recommendations for Intervention for Secondary MR
Referenced studies that support the recommendations are
summarized in Online Data Supplement 31.
COR

LOE

Recommendations

B-R

1. In patients with chronic severe secondary MR
related to LV systolic dysfunction (LVEF <50%)
who have persistent symptoms (NYHA class
II, III, 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

2a

2b

2b
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B-NR

2. In patients with severe secondary MR (Stages
C and D), mitral valve surgery is reasonable
when CABG is undertaken for the treatment
of myocardial ischemia.9–15

B-NR

3. In patients with chronic severe secondary MR
from atrial annular dilation with preserved
LV systolic function (LVEF ≥50%) who have
severe persistent symptoms (NYHA class III
or IV) despite therapy for HF and therapy for
associated AF or other comorbidities (Stage D),
mitral valve surgery may be considered.16–20

B-NR

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

B-R

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 III or IV) that
persist despite GDMT for HF, chordal-sparing
mitral valve replacement may be reasonable
to choose over downsized annuloplasty
repair.9,12,21–32,44–47

2b

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
secondary MR demonstrated improvement in survival, hospitalization, 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 Percutaneous Mitral Valve
e58
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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 cm2 versus 0.41
cm2) and reported no benefit of TEER in reducing
the composite endpoint of death or hospitalization
as compared with medical therapy. In addition,
the inclusion 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%, LVEDD ≤70 mm, pulmonary artery systolic
pressure ≤70 mm Hg, 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
transcatheter repair.
2. There is no proof that surgical correction of
chronic secondary MR is effective in prolonging
life, but observational studies and a substudy
of the randomized STICH trial suggest that it is
wise to address the mitral valve during CABG
for severe CAD when secondary 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 surgical interventions should be
weighed in patients with LV systolic dysfunction.9–13 For patients with secondary MR undergoing operation for other valve disease, 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 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 successful 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 9. Secondary MR.
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.
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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 secondary MR. In addition, surgery may
improve symptoms and quality of life in these
patients whose symptoms persist despite GDMT.
Small RCTs demonstrate that mitral valve surgery
reduces chamber size and improves peak oxygen
consumption in chronic severe secondary MR.
Ischemic or dilated cardiomyopathy 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

dependent primarily on regression or progression
of ventricular 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 secondary 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
TBD TBD, 2021
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8. TRICUSPID VALVE DISEASE
8.1. Classification and Stages of TR
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Trace to mild degrees of TR of no physiological consequence are commonly detected on TTE in subjects
with anatomically normal valves. However, significant
or worsening TR is associated with poor long-term
outcomes.1–7 Primary disorders of the tricuspid apparatus 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 secondary 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 patients 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 patients with severe TR
(Stage C) present with an elevated central venous pressure and imaging evidence of significant 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.

8.2. Tricuspid Regurgitation
8.2.1. Diagnosis of TR
Recommendations for Diagnosis of TR
COR

1

2a

e60

LOE

Recommendations

C-LD

1. In patients with TR, TTE is indicated to evaluate
the presence and severity of TR, determine
the etiology, measure the sizes of the rightsided chambers and inferior vena cava, assess
RV systolic function, estimate pulmonary
artery systolic pressure, and characterize any
associated left-sided heart disease.1,2

C-LD

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

TBD TBD, 2021

Table 19. Classification of TR
Primary
Rheumatic
Infective endocarditis
Iatrogenic (device leads,
endomyocardial biopsy)

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

Congenital (eg, Ebstein’s, levotransposition of the great arteries)

Annular dilation (associated with
AF)*

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

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 normalappearing tricuspid valve leaflets.
AF indicates atrial fibrillation; LVEF, left ventricular ejection fraction; RV,
right ventricular; and TR, tricuspid regurgitation.

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
leaflets) from secondary TR (normal valve leaflets), define any associated left-sided valvular
or myocardial disease, 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 leftsided valve surgery, an annular diastolic diameter
>40 mm (or >21 mm/m2) 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 challenged
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 parameters, including tricuspid annular plane systolic excursion >16 mm, tricuspid
valve systolic annular velocity >10.0 cm/s, and
RV end-systolic area <20.0 cm2 or fractional area
change >35%. Other imaging modalities, such
as 3D TEE, magnetic resonance imaging, and CT
scan, may provide more accurate information on
the status of the RV.
2. When physical examination and TTE data on
estimated pulmonary artery systolic pressure are
either discordant or inadequate, invasive measurement of pulmonary artery pressures and pulmonary vascular resistance can be helpful to guide
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Stage
B

Stages of TR
Definition

Valve Hemodynamics

Progressive TR

Hemodynamic Consequences

Clinical Symptoms and
Presentation

None

None

Central jet ≥50% RA

Dilated RV and RA

Elevated venous pressure

Vena contracta width ≥0.7 cm

Elevated RA with “c-V” wave

No symptoms

Central jet ≥50% RA

Dilated RV and RA

Elevated venous pressure

Vena contracta width ≥0.7 cm

Elevated RA with “c-V” wave

Dyspnea on exertion, fatigue,
ascites, edema

Central jet <50% RA
Vena contracta width <0.7 cm
ERO <0.40 cm2
Regurgitant volume <45 mL

C

Asymptomatic severe TR

ERO ≥0.40 cm2
Regurgitant volume ≥45 mL
Dense continuous wave signal with
triangular shape
Hepatic vein systolic flow reversal
D

Symptomatic severe TR

ERO ≥0.40 cm2
Regurgitant volume ≥45 mL
Dense continuous wave signal with
triangular shape
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.
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clinical decision-making in individual patients.3–5 A
weak TR signal or the presence of severe TR may
result in underestimation 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 reactivity after
vasodilator challenge is needed. Direct measurements of right atrial pressure may also be useful
for clinical decision-making. Right ventriculography 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
Recommendations for Medical Therapy for TR
COR

2a

2a

LOE

Recommendations

C-EO

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

C-EO

2. In patients with signs and symptoms
of right-sided HF attributable to
severe secondary TR (Stages C and 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
useful1,2

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Synopsis
Diuretic therapy treats the systemic congestion in patients with severe symptomatic TR. In patients with secondary 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 volume overload in these patients. Loop
diuretics are typically provided and may relieve
systemic congestion, but their use can be limited
by worsening low-flow syndrome. Aldosterone
antagonists may be of additive benefit, especially
in the setting of hepatic congestion, which may
promote secondary hyperaldosteronism.
2. 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 vasomodulators may be helpful to reduce RV afterload and
secondary TR in selected patients with pulmonary hypertension.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
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8.2.3. Timing of Intervention

COR

LOE

Recommendations

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

1

B-NR

1. In patients with severe TR (Stages C and D)
undergoing left-sided valve surgery, tricuspid
valve surgery is recommended.1–8

Recommendation-Specific Supportive Text

B-NR

2. In patients with progressive TR (Stage B)
undergoing left-sided valve surgery, tricuspid
valve surgery can be beneficial in the context
of either 1) tricuspid annular dilation (tricuspid
annulus end diastolic diameter >4.0 cm) or 2)
prior signs and symptoms of right-sided HF.3–10

B-NR

3. In patients with signs and symptoms of
right-sided HF and severe primary TR (Stage
D), isolated tricuspid valve surgery can be
beneficial to reduce symptoms and recurrent
hospitalizations.11–14

2a

B-NR

4. In patients with signs and symptoms of rightsided 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

C-LD

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

B-NR

6. In patients with signs and symptoms of rightsided 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

Recommendations for Timing of Intervention
Referenced studies that support the recommendations are
summarized in Online Data Supplement 32.

2a

2a
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2b

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 severe 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 pulmonary hypertension or dilated cardiomyopathy).
Intervention for severe isolated TR had a high reported
operative mortality rate (up to 8% to 20%), but most
of these interventions 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
attributable 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 selection
e62
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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 performed for this indication over the past decade. Tricuspid valve repair is
preferable to replacement, but replacement may
be necessary if there is marked dilation 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
selection, 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 hypertension because of
the possibility of RV failure after operation.
2. Left uncorrected at the time of left-sided valve
surgery, mild or moderate degrees of secondary TR may progress 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/m2
diameter indexed to body surface area on preoperative TTE measured at end diastole; >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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 10. Tricuspid regurgitation.
Colors correspond to Table 2. GDMT indicates
guideline-directed management and therapy; HF,
heart failure; PAP, pulmonary artery pressure; PH,
pulmonary hypertension; RV, right ventricular; TR,
tricuspid regurgitation; and TV, tricuspid valve.
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the severity of TR may be 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.
3. 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 symptomatic primary TR from either device
leads or endomyocardial 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 significant RV dysfunction or end-organ damage. Randomized 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.
4. There is now recognition that TR can develop in
association with AF and annular dilation (a form of
secondary TR).23–25 Notably, AF-related TR appears to
represent a fundamentally different pathophysiology from other forms of secondary TR, with greater
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

basal dilation and annular enlargement, as compared with the RV elongation with leaflet tethering
seen in patients who have secondary TR caused by
pulmonary hypertension or myocardial disease.24
These patients with AF-related TR have rapid progression of TR severity and right-sided chamber dilation. In appropriately 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 selection 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. Extrapolation 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 severe
MR, suggest that serial assessments of RV size
and function might trigger consideration of corrective surgery 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 comorbidities, such as
patients with severe TR attributable to trauma,
the surgical risk associated with tricuspid valve
operation is low (<1% to 2% operative mortality
TBD TBD, 2021
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rate) in the absence of RV dysfunction or pulmonary hypertension.
6. Isolated tricuspid valve surgery for severe TR historically 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 surgery 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 hypertension, LV dysfunction, and other valve
abnormalities. The hazards imposed by reoperation
have influenced decision-making for initial repair of
functional 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 leftsided 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
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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

C-EO

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

C-EO

2. In patients with ambiguous symptoms that
are suspected to be attributable to mixed
mitral valve disease, further assessment of
filling pressure by using biomarkers or invasive
hemodynamic measurements at rest or with
exercise is reasonable.

2a

Synopsis
Mixed valve disease is either 1) stenosis and regurgitation 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
e64
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function, and timing of intervention.1–5 For many patients 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 usually concentric
hypertrophy, whereas volume overloads cause chamber
dilation and eccentric hypertrophy; management should
follow the guidelines for the predominant lesion. However, in other cases, patients present with a more balanced picture, with the mixed pathophysiology making
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 disease 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 which comparison is
made as the lesions progress over time. Doppler
hemodynamics have been validated for patients
with single-valve disease but have not necessarily
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, especially if TTE demonstrates moderate but not severe mixed disease. Elevated BNP
and elevated filling pressures at catheterization,
either at rest or with exercise, support that cardiac disease is the cause of the patient’s symptoms and may help to further quantify lesion
severity.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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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 Online Data Supplement 33.
COR

LOE

Recommendations

1

B-NR

1. In symptomatic patients with combined AS
and AR and a peak transvalvular jet velocity
of at least 4.0 m/s or a mean transvalvular
gradient of at least 40 mm Hg, AVR is
recommended.1,2

1

C-EO

2. In asymptomatic patients with combined AS
and AR who have a jet velocity of ≥4.0 m/s
with an LVEF <50%, SAVR is recommended.1,2

Synopsis
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
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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 velocity and gradient
would be correspondingly lower and would not
meet the definitions for severe AS, and obviously there would be only moderate AR by definition. Therefore, no action was recommended.
However, recent data suggest that the natural history of moderate mixed disease behaves similarly
to that of pure severe AS1,2 and that moderate
mixed disease has a mortality 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 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
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

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:
• 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
patients with both AS and MR who are at a low
or intermediate 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 replacement. 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
previously, 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 performed, 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
mechanism by which reduction in LV pressure after
TBD TBD, 2021
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Table 21.

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

AS/MR Mixed Valve Disease

Severe AS
SAVR candidate

Severe MR
Primary MR
Repairable valve

SAVR candidate

Primary MR
Valve not
repairable

TAVI candidate

Primary
Repairable valve

SAVR candidate
TAVI candidate

Secondary MR

Surgical Risk

Procedure

Low
intermediate

SAVR

Low
intermediate

SAVR

High
prohibitive

TAVI

Low
intermediate

SAVR

Surgical mitral
valve repair
Surgical mitral
valve replacement

Mitral TEER*
Surgical mitral
valve repair/mitral
valve replacement
or
TAVI
Mitral TEER*

TAVI candidate

Secondary MR

High
prohibitive

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.
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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 secondary MR is to perform
TAVI first, and if symptoms remain with persistent
severe MR, mitral TEER can be performed if there
is suitable anatomy.6 The transcatheter approach
would be preferred if the patient 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.
Asymptomatic mixed disease may be benign because
MS protects the LV from the severe volume overload of
pure MR. However, if symptoms attributable to mixed
mitral disease occur, they are likely because of increased
LA pressure 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 diuretics do not relieve symptoms,
but it should be performed 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
e66
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limits LV filling, it may reduce the stroke volume presented to the 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 visualizes AR flow, instead of the echocardiographic visualization 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 pursued. 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
underestimation 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 Online Data Supplement 34.
COR

LOE

Recommendations

1

B-NR

1. In patients with a surgical or transcatheter
prosthetic valve and in patients who have
had valve repair, an initial postprocedural TTE
study is recommended for evaluation of valve
hemodynamics and ventricular function.1–4

1

C-EO

2. In patients with a prosthetic valve or prior valve
repair and a change in clinical symptoms or
signs suggesting valve dysfunction, repeat TTE
is recommended.

1

C-LD

3. In patients with a prosthetic valve replacement
or prior valve repair and clinical symptoms or
signs that suggest prosthetic valve dysfunction,
additional imaging with TEE, gated cardiac CT,
or fluoroscopy is recommended, even if TTE
does not show valve dysfunction.

2a

C-LD

4. In patients with a bioprosthetic surgical valve,
TTE at 5 and 10 years and then annually
after implantation is reasonable, even in the
absence of a change in clinical status.

2a

C-LD

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

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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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 fluoroscopy, may be required when valve dysfunction is suspected 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.
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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. Patients with mechanical valve
dysfunction may present with HF, shock, thromboembolic events, hemolysis, or a change in
auscultatory findings. Presentation may often be
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

acute or subacute because of thrombus formation and more abrupt impairment of leaflet opening or closure. Attention should be directed to the
trend in recent INR determinations. Prosthesis–
patient mismatch and functional stenosis of a
repaired native valve are also to be considered
in the evaluation of patients with HF symptoms.
Repeat noninvasive assessment begins with transthoracic echocardiography, comparison with the
index postoperative study when available, and
the use of other modalities as dictated by the
clinical context and preliminary findings.
3. TTE is the preferred approach for initial assessment
of suspected prosthetic valve dysfunction because
it allows for measurement of transvalvular velocity,
gradient, and valve area. TTE also allows quantitation of LV volumes and LVEF, an estimate of pulmonary artery systolic pressure, and evaluation of right
heart function. However, the LA side of a prosthetic
mitral valve is obscured by acoustic shadowing
from the TTE approach, resulting in reduced sensitivity for detection of prosthetic MR and prosthetic
mitral valve thrombus, pannus, or vegetation. TEE
provides superior imaging of the LA side of the
mitral prosthesis and is accurate for diagnosis of
prosthetic mitral valve dysfunction.5,6 Both TTE and
TEE are also needed for patients with prosthetic
aortic valves in whom the posterior aspect of the
valve is shadowed on the TTE approach and the
anterior aspect of the valve is shadowed on the
TEE approach.7,8 TEE has superior sensitivity for the
detection of vegetations and abscess formation in
patients with suspected prosthetic valve (or annuloplasty ring) endocarditis. With mechanical valve
obstruction, fluoroscopy or CT imaging can also be
helpful for detection of reduced motion caused by
pannus ingrowth or thrombus.
4. Studies based on TTE follow-up estimate that
approximately 30% of patients with a surgical
aortic valve bioprosthesis develop evidence of
valve dysfunction over the 10 years after implantation (defined as an increase in mean gradient
of ≥10 mm Hg or a worsening of transprosthetic
regurgitation from mild to moderate or from
moderate to severe).9 The incidence of clinically
important structural valve deterioration increases
markedly more than 10 years after surgery, such
that routine annual TTE studies thereafter are reasonable.10,11 Risk factors associated with accelerated (<5 years) valve deterioration include young
age (<60 years) at implantation, smoking, diabetes mellitus, chronic kidney disease, initial mean
gradient ≥15 mm Hg, and valve type.9,12 The selective adoption of an earlier, annual TTE screening
program may be considered for at-risk patients
on an individual basis, as up to 13% of patients
TBD TBD, 2021
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with a surgical aortic valve develop hemodynamic
valve dysfunction at a median of 6.7 to 9.9 years
after implantation.12 Patients typically remain
asymptomatic until valve dysfunction is severe
enough to result in adverse hemodynamic consequences or AF. Depending on the valve type and
mechanism of regurgitation, some patients with
asymptomatic, significant prosthetic valve regurgitation may require reintervention. For example,
if prosthetic regurgitation is attributable to a bioprosthetic leaflet tear, more severe acute regurgitation may occur suddenly and cause clinical
decompensation. With prosthetic valve stenosis,
TTE diagnosis while the patient is asymptomatic
alerts the clinician to the need for more frequent
follow-up. A standardized definition and grading
system for structural valve deterioration for surgical and transcatheter aortic valves have been
proposed.13 In patients with mechanical valve
prostheses, routine annual TTE evaluation is not
needed if the postoperative baseline study is normal and no clinical change is apparent. Many of
these patients require TTE studies for other indications, however, such as for the assessment of
LV function, pulmonary artery pressure, or other
cardiac or valve disease.
5. Durability data for bioprosthetic TAVI valves are
less robust than the data for surgically implanted
bioprosthetic valves. To date, the intermediateterm durability of TAVI valves has compared
favorably with that of SAVR valves, as reported
in randomized trials and registries.14–21 For the
most part, these data reflect observations made
in older patients and may not be applicable to
younger populations (eg, <70 years). TAVI-based
protocols typically include routine TTE before discharge and at 30 days and 1 year, in part because
of reporting requirements. In the absence of clinical change, routine annual TTE studies are reasonable as experience continues to accumulate.
11.1.2. Selection of Prosthetic Valve Type:
Bioprosthetic Versus Mechanical Valve
Recommendations for Prosthetic Valve Type: Bioprosthetic Versus
Mechanical Valve
Referenced studies that support the recommendations are
summarized in Online Data Supplement 35.
COR

1

e68

LOE

Recommendations

C-LD

1. For patients who require heart valve
replacement, the choice of prosthetic valve
should be based on a shared decision-making
process that accounts for the patient’s values
and preferences and includes discussion of
the indications for and risks of anticoagulant
therapy and the potential need for and risks
associated with valve reintervention.

TBD TBD, 2021

Recommendations for Prosthetic Valve Type: Bioprosthetic Versus
Mechanical Valve (Continued)
COR

LOE

Recommendations

C-EO

2. For patients of any age requiring valve
replacement for whom anticoagulant therapy
is contraindicated, cannot be managed
appropriately, or is not desired, a bioprosthetic
valve is recommended.

B-NR

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

B-NR

4. For patients 50 to 65 years of age who require
AVR and who do not have a contraindication
to anticoagulation, 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

B-NR

5. In patients >65 years of age who require AVR,
it is reasonable to choose a bioprosthesis over
a mechanical valve.1

B-NR

6. For patients <65 years of age who have an
indication for mitral valve replacement, do not
have a contraindication to anticoagulation,
and are unable to undergo mitral valve repair,
it is reasonable to choose a mechanical mitral
prosthesis over a bioprosthetic valve.1,7,10,11

B-NR

7. For patients ≥65 years of age who require
mitral valve replacement and are unable to
undergo mitral valve repair, it is reasonable
to choose a bioprosthesis over a mechanical
valve.1,7,11

B-NR

8. 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 Valve
Center.12–14

1

2a

2a

2a

2b

Synopsis
Shared decision-making about the choice of prosthetic
valve type is influenced by several factors, including patient age, values, and preferences; expected bioprosthetic
valve durability, avoidance of patient–prosthesis mismatch, and the potential need for and timing of reintervention; and the risks associated with long-term VKA anticoagulation after a mechanical valve replacement. (See
also Section 3.2.4 regarding valve choice in patients with
AS.) Despite the significantly higher rate of bioprosthetic
structural valve deterioration observed in younger versus
older patients,7–12,15 many younger patients choose to
avoid a mechanical prosthesis because they are unwilling
to consider long-term VKA therapy because of the inconvenience 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 surgical
procedure would be very high risk (eg, those with prior
radiation exposure). The availability of TAVI has changed
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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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 reintervention for bioprosthetic valve deterioration and the risk of longterm anticoagulation should be discussed. Some
patients prefer to avoid repeat surgery and are
willing to accept the risks and inconvenience of
lifelong anticoagulant therapy. Other patients are
unwilling 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 bioprosthesis is greater
in younger patients, but the risk of bleeding
from anticoagulation is higher in older patients.
In patients with shortened longevity or multiple
comorbidities, a bioprosthesis might be more
appropriate. In women who desire subsequent
pregnancy, the issue of anticoagulation during
pregnancy is an additional consideration (see
pregnancy-related issues in Section 13.5).20,21
2. Anticoagulant therapy with VKA is necessary in all
patients with a mechanical valve to prevent valve
thrombosis and thromboembolic events. If anticoagulation is contraindicated or if the patient
refuses VKA therapy, an alternative valve choice
is appropriate. Newer anticoagulant agents have
not been shown to be safe or effective in patients
with mechanical heart valves.
3. Patients <50 years of age at the time of AVR
incur a higher and earlier risk of bioprosthetic
valve deterioration.4,10,11,22–24 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 bioprostheses are not alike in
terms of durability.11 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 thromboembolic events favors
the choice of a mechanical valve in patients <50
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Table 22. Selected Factors That May Impact Shared Decision-Making
for the Choice of Prosthetic Valve
Favor Mechanical Prosthesis

Favor Bioprosthesis

Age <50 y

Age >65 y

 Increased incidence of structural
deterioration with bioprosthesis
(15-y risk: 30% for age 40 y,
50% for age 20 y)

 Low incidence of structural
deterioration (15-y risk: <10%
for age >70 y)

 Lower risk of anticoagulation
complications

 Higher risk of anticoagulation
complications

Patient preference (avoid risk of
reintervention)

Patient preference (avoid risk and
inconvenience of anticoagulation)

Low risk of long-term
anticoagulation

High risk of long-term
anticoagulation

Compliant patient with either
home monitoring or close access to
INR monitoring

Limited access to medical care or
inability to regulate VKA

Other indication for long-term
anticoagulation (eg, AF)

Access to surgical centers with low
reoperation mortality rate

High-risk reintervention (eg,
porcelain aorta, prior radiation
therapy)

Access to transcatheter ViV
replacement

Small aortic root size for AVR (may
preclude ViV procedure in future)

TAVI valves have larger effective
orifice areas for smaller valve sizes
(avoid patient–prosthesis mismatch)

AF indicates atrial fibrillation; AVR, aortic valve replacement; INR,
international normalized ratio; TAVI, transcatheter aortic valve implantation;
ViV, valve-in-valve; and VKA, vitamin K antagonist.

years of age, unless anticoagulation is not desired,
cannot be monitored, or is contraindicated.
4. Uncertainty and debate continue about which
type of AVR is appropriate for patients 50 to
65 years of age. 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.11,15–19 The risks of bleeding and thromboembolism 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 longterm 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 because of anticoagulation, whereas
individuals who receive bioprosthetic valves experience a higher rate of reoperation attributable
to structural deterioration of the prosthesis, as
well as perhaps a decrease in survival rate.6,25–27
Several other factors should be considered in the
choice of type of valve prosthesis (see Section
11.1). Ultimately, the choice of mechanical versus
TBD TBD, 2021
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Figure 11. Prosthetic valves: choice of bioprosthetic versus mechanical valve type.
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 anticoagulation. Long-term (20-y)
data on outcomes with surgical bioprosthetic
valves are available; robust data on transcatheter
bioprosthetic valves extend to only 5 y, 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. †See Section 3.2.4.2 for a
discussion of the choice of TAVI versus SAVR. AVR
indicates aortic valve replacement; CVC, Comprehensive Valve Center; VKA, vitamin K antagonist;
SAVR, surgical aortic valve replacement; and TAVI,
transcatheter aortic valve implantation.
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bioprosthetic valve replacement for all patients,
but especially for those between 50 and 65 years
of age, should be made in a shared decision-making process that must account for the trade-offs
between durability (and the need for reintervention), bleeding, and thromboembolism.1
5. 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 complications related to VKA therapy and more often require 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 durability of
the valve exceeds the expected years of life.
6. In general, patients with mechanical valve replacement experience a higher risk of bleeding because
of anticoagulation, whereas individuals who
receive a bioprosthetic valve replacement incur a
higher risk of repeat intervention attributable to
structural valve deterioration. In patients <65 years
of age, observational data suggest better long-term
outcomes with a mechanical mitral valve replacement, even when the risks and inconvenience of
long-term VKA anticoagulation are considered. In
e70
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a propensity-matched analysis from New York’s
Statewide Planning and Research Cooperative
System (SPARCS), although there was no survival
difference for patients 50 to 69 years of age undergoing mechanical versus bioprosthetic mitral valve
replacement,7 the rates of reoperation were lower
(HR: 0.59) with a mechanical valve, though stroke
risk (HR: 1.62) was higher. In the 2017 report from
the California Office of Statewide Health Planning
and Development,1 for patients who underwent
mitral-valve replacement and were 40 to 69 years
of age, receipt of a biological prosthesis was associated with a mortality rate significantly higher than
that seen with receipt of a mechanical prosthesis.1
The choice of a mechanical mitral valve in patients
<65 years of age who are good candidates for
anticoagulation should account for these observational, nonrandomized data and abide by the principles of shared decision-making.1,7,10
7. Hazards associated with anticoagulation
increase with age, and rates of structural valve
deterioration decline significantly. In patients
>65 years of age, the ratio of valve durability
to life expectancy supports the use of a bioprosthetic mitral valve replacement, which
allows avoidance of the risks of long-term VKA
anticoagulation in these older patients. In 1
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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11.2. Antithrombotic Therapy

Recommendations for Antithrombotic Therapy for Prosthetic Valves
(Continued)
COR

LOE

1

B-NR

4. For patients with a mechanical mitral valve
replacement, anticoagulation with a VKA is
indicated to achieve an INR of 3.0.9,11

2a

B-R

5. For patients with a bioprosthetic TAVI,
aspirin 75 to 100 mg daily is reasonable in
the absence of other indications for oral
anticoagulants.12–14

2a

2a

B-NR

6. For all patients with a bioprosthetic SAVR or
mitral valve replacement, aspirin 75 to 100
mg daily is reasonable in the absence of other
indications for oral anticoagulants.9,15–18

B-NR

7. For patients with a bioprosthetic SAVR or
mitral valve replacement who are at low risk
of bleeding, anticoagulation with a VKA to
achieve an INR of 2.5 is reasonable for at
least 3 months and for as long as 6 months
after surgical replacement.15,19–25

2b

2b

2b

2b

B-R

8. For patients with a mechanical SAVR or mitral
valve replacement who are managed with a
VKA and have an indication for antiplatelet
therapy, addition of aspirin 75 to 100 mg
daily may be considered when the risk of
bleeding is low.26

B-R

9. For patients with a mechanical On-X AVR and
no thromboembolic risk factors, use of a VKA
targeted to a lower INR (1.5–2.0) may be
reasonable starting ≥3 months after surgery,
with continuation of aspirin 75 to 100 mg
daily.27,28

B-NR

10. For patients with a bioprosthetic TAVI
who are at low risk of bleeding, dualantiplatelet therapy with aspirin 75 to
100 mg and clopidogrel 75 mg may be
reasonable for 3 to 6 months after valve
implantation.12,13,29

B-NR

11. For patients with a bioprosthetic TAVI who
are at low risk of bleeding, anticoagulation
with a VKA to achieve an INR of 2.5 may be
reasonable for at least 3 months after valve
implantation.23,31–33

3: Harm

B-R

12. For patients with bioprosthetic TAVI,
treatment with low-dose rivaroxaban
(10 mg daily) plus aspirin (75–100 mg) is
contraindicated in the absence of other
indications for oral anticoagulants.30

B-R

13. For patients with a mechanical valve
prosthesis, anticoagulation with the
direct thrombin inhibitor, dabigatran, is
contraindicated.4,5

Recommendations for Antithrombotic Therapy for Prosthetic Valves
Referenced studies that support the recommendations are
summarized in Online Data Supplement 36.
COR

LOE

Recommendations

1

A

1. In patients with a mechanical prosthetic
valve, anticoagulation with a VKA is
recommended.1–5

1

1

B-NR

2. For patients with a mechanical bileaflet or
current-generation single-tilting disk AVR
and no risk factors for thromboembolism,
anticoagulation with a VKA to achieve an INR
of 2.5 is recommended.6–8

B-NR

3. For patients with a mechanical AVR and
additional risk factors for thromboembolism
(eg, AF, previous thromboembolism, LV
dysfunction, hypercoagulable state) or an
older-generation prosthesis (eg, ball-in-cage),
anticoagulation with a VKA is indicated to
achieve an INR of 3.0.9,10
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3: Harm

3: Harm

Recommendations

C-EO

14. For patients with a mechanical valve
prosthesis, the use of anti-Xa direct oral
anticoagulants has not been assessed and is
not recommended.34–37

Synopsis
Antithrombotic therapy after prosthetic valve implantation is provided to prevent valve/leaflet thrombosis and
reduce the incidence of thromboembolic complications.
The use of any strategy must be balanced against the
risk of bleeding. VKAs remain the cornerstone of therapy
TBD TBD, 2021
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observational study, the expected durability of a
bioprosthetic mitral valve replacement was 11.4
years in patients <60 years of age, 16.6 years
in those 60 to 70 years of age, and 19.4 years
in those >70 years of age.11 In the 2017 report
from the California Office of Statewide Health
Planning and Development,1 overall survival
rates were similar for patients 70 to 79 years of
age who underwent mechanical versus bioprosthetic mitral valve replacement, and bleeding
risk was lower with a bioprosthetic valve.1
8. Replacement of the aortic valve with a pulmonary autograft (the Ross procedure) is a complex
operation involving replacement of the aortic
valve by the patient’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 homograft
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. Calcification of the homograft and
adhesions between the homograft and neoaorta
may increase the difficulty of reoperation. The
Ross procedure typically is reserved for younger
patients with appropriate anatomy and tissue
characteristics in whom anticoagulation is either
contraindicated or undesirable, and it is performed only at Comprehensive Valve Centers by
surgeons experienced in this procedure.12–14,32
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for patients with mechanical valve prostheses. Oral antithrombin and anti-Xa agents are not approved for use in
these patients. The addition of mono- or dual-antiplatelet
therapy to VKA treatment for other indications (eg, acute
coronary syndrome or percutaneous coronary intervention [PCI]) must be done with caution. The evidence base
for the optimal antithrombotic strategy across subgroups
of patients who have received a bioprosthetic valve is not
robust. Practice patterns around the use of antiplatelet
and anticoagulant medications in these patients vary as
a function of method of implantation (surgical versus
transcatheter), the presence of any independent indication for anticoagulation (eg, AF, venous thromboembolic
disease), and local/institutional care pathways (Figure 12).

Recommendation-Specific Supportive Text
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1. All patients with mechanical valves require lifelong anticoagulant therapy with a VKA.1–5 In addition to the thrombogenicity of the intravascular
prosthetic material, mechanical valves impose
abnormal flow conditions, with zones of low
flow within their components, as well as areas of
high-shear stress, which can cause platelet activation that leads to valve thrombosis and embolic
events. Therapy with an oral VKA at an INR goal
appropriate for the comorbidity of the patient
and the type and position of the mechanical valve
prosthesis is required to decrease the incidence
of thromboembolism and associated morbidity. Data show that anticoagulation with a VKA
is protective against valve thrombosis (OR: 0.11;
95% CI: 0.07–0.2) and thromboembolic events
(OR: 0.21; 95% CI: 0.16–0.27). It is preferable to
specify a single INR target for each patient and
to recognize that the acceptable range includes
0.5 INR units on each side of this target. A specific target is preferable because it reduces the
likelihood of patients having INR values consistently near the upper or lower boundary of the
range. Fluctuations in INR are associated with an
increased incidence of complications in patients
with prosthetic heart valves.19,38
2. The rate of thromboembolism in patients with a
bileaflet mechanical AVR treated with a VKA is
estimated to be 0.53% per patient-year over the
INR range of 2.0 to 4.5. In a large retrospective
study, adverse events increased if the INR was >4.0
in patients with a mechanical AVR. In patients
with a current-generation mechanical AVR without other risk factors for thromboembolism, in
the group treated to an INR of 2.0 to 3.0, the risk
of thromboembolic events was similar to, but the
risk of bleeding lower than, those of the group
treated to an INR of 3.0 to 4.5 (P<0.01).7 In a randomized trial comparing moderate-intensity (INR
e72
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2.0–3.0) with high-intensity (INR 3.0 to 4.5) oral
anticoagulation in patients with a single mechanical valve replacement, there was no difference in
embolic events but a reduction in bleeding with
the moderate-intensity group.8 In a study comparing an INR target of 1.5 to 2.5 with a target
of 2.0 to 3.0 in patients with current-generation
mechanical aortic prosthetic valves and no other
thromboembolic risk factors, the lower INR target
range was noninferior, but the quality of the evidence was low.6 For current-generation mechanical valve prostheses in the aortic position, an INR
of 2.5 (range, 2.0–3.0) provides a reasonable balance between the risks of thromboembolism and
bleeding.8,9
3. In patients with an aortic mechanical prosthesis
who are at higher risk of thromboembolic complications, the INR should be maintained at 3.0
(range, 2.5–3.5). Risk factors include AF, previous
thromboembolism, hypercoagulable state, and
older-generation prosthesis (eg, ball-in-cage).10
Severe LV dysfunction may also increase thromboembolic risk.9
4. The incidence of thromboembolism is higher
with mitral than with aortic mechanical valves,
and it is lower in mitral mechanical valve patients
with a higher rather than a lower INR. In the
GELIA (German Experience with Low Intensity
Anticoagulation) study of patients with a
mechanical mitral prosthesis, a lower INR range
(2.0–3.5) was associated with a lower survival
rate than that seen with a higher target INR
range (2.5–4.5).11 Patient compliance may be
challenging with higher INR goals. In one study,
patients with a target INR between 2.0 and 3.5
were within that range 74.5% of the time. In
contrast, patients with a target INR of 3.0 to 4.5
were within range only 44.5% of the time. An
INR target of 3.0 (range, 2.5–3.5) provides a reasonable balance between the risks of under- or
over-anticoagulation in patients with a mechanical mitral valve.9
5. Prior recommendations about the use of antiplatelet therapy after TAVI were derived from the
protocols used in the pivotal randomized studies showing the safety and effectiveness of this
technology. These protocols were in turn adopted
from studies of patients undergoing PCI. The small
and underpowered ARTE trial (Aspirin Versus
Aspirin plus Clopidogrel Following Transcatheter
Aortic Valve Implantation) suggested that singleagent therapy, compared with dual-agent therapy, tended to reduce the risk of major adverse
events (death, myocardial infarction, stroke, transient ischemic attack, and major or life-threatening bleeding) after TAVI. Whereas there were no
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 12. Antithrombotic therapy for prosthetic valves.
Colors correspond to Table 2. *Thromboembolic risk factors include an older-generation valve, AF, previous thromboembolism, hypercoagulable state, and LV systolic dysfunction. †For a mechanical On-X AVR and no thromboembolic risk factors, a goal INR of 1.5–2.0 plus aspirin 75–100 mg daily may be reasonable starting
≥3 months after surgery. ASA indicates aspirin; AVR, aortic valve replacement; INR, international normalized ratio; MVR, mitral valve replacement; VKA, vitamin K
antagonist; Rx, medication; and TAVI, transcatheter aortic valve implantation.

differences between the groups with respect to
death, stroke, or myocardial infarction, dual therapy was associated with a significantly increased
risk of major or life-threatening bleeding.12 A
systematic review and meta-analysis comprising
approximately 2500 patients suggested that single-agent therapy is associated with fewer 30-day
deaths and less major bleeding than is seen with
dual-agent therapy.13 There are several ongoing
trials on this subject.39
6. The risk of thromboembolism is approximately
0.7% per year in patients with biological valves
in sinus rhythm; Figure 13 is derived from several
studies in which most patients were not undergoing therapy with VKA. Among patients with bioprosthetic valves, those with a mitral prosthesis
have higher rates of thromboembolism than do
those with an aortic prosthesis (2.4% per patientyear versus 1.9% per patient-year).15 In studies
of patients with bioprosthetic aortic valves who
were in sinus rhythm and had no other indications for anticoagulation, the incidence of
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

thromboembolic events, bleeding, and death was
similar in those who received aspirin or aspirinlike antiplatelet agents only and in those who
received VKA.16,17,19 There are no studies examining the long-term effects of antiplatelet agents in
patients with bioprosthetic mitral valve repair or
mitral valve repair; the beneficial effects seen with
bioprosthetic aortic valves may apply to mitral
valves, as well.9,18
7. Many patients who undergo surgical implantation
of a bioprosthetic mitral or aortic valve will not
require lifelong anticoagulation in the absence of
an independent indication, such as AF. However,
there is an increased risk of ischemic stroke early
after operation, particularly in the first 90 to 180
days after either bioprosthetic AVR or mitral valve
replacement.5,24,31,34–37,40 Anticoagulation early
after valve implantation is intended to decrease
the risk of thromboembolism until the prosthetic
valve is fully endothelialized. The potential benefit of anticoagulation therapy must be weighed
against the risk of bleeding. In a nonrandomized
TBD TBD, 2021
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study, patients with a bioprosthetic mitral valve
replacement who received anticoagulation had
a lower rate of thromboembolism than that of
those who did not receive therapy with VKA.15
Even with routine anticoagulation early after
mitral valve surgery, the incidence of ischemic
stroke within the first 30 postoperative days was
higher after replacement with a biological prosthesis than after mitral valve repair (1.5%±0.4%)
or replacement with a mechanical prosthesis.21
Small studies have not established a convincing
net benefit of anticoagulation after implantation
of a bioprosthetic AVR24,25; however, a large observational Danish registry demonstrated a lower risk
of stroke and death with VKA, which extended
up to 6 months, without a significantly increased
bleeding risk.20 Concern has been raised about
the incidence of subclinical bioprosthetic valve
leaflet thrombosis after surgical valve replacement.19 In addition, the PARTNER 2 (Placement
of Aortic Transcatheter Valves) investigators
reported that the use of anticoagulation after
bioprosthetic AVR in intermediate– or higher–surgical risk patients was safe and associated with
a significant reduction in 6-month stroke rates.23
Ninety-five percent of the anticoagulated patients
in this registry were discharged on warfarin in
preference to a direct oral anticoagulant.
8. The prior recommendation to add low-dose aspirin to therapeutic VKA therapy for a mechanical
valve prosthesis was based on studies performed
decades ago that included many patients with
older-generation prostheses who also had additional thromboembolic and vascular risk factors.
A 2013 Cochrane Systematic Review showed
that compared with anticoagulation alone, the
addition of an antiplatelet agent reduced the
risk of thromboembolic events and the total
mortality rate but at the cost of an increased and
offsetting risk of major bleeding.26 The authors
pointed out that the quality of the included trials tended to be low, possibly reflecting the era
when most trials were conducted. An individualized approach that takes the risk of bleeding
into account is required.
9. In patients without risk factors who receive a
mechanical On-X aortic heart valve (On-X Life
Technologies Inc., Austin, Texas), targeting the
INR to a lower goal (1.5–2.0) in conjunction
with aspirin 81 mg daily may be a strategy for
long-term management. Warfarin dosing is targeted to an INR of 2.5 (range, 2.0–3.0) for the
first 3 months after surgery, during which lowdose aspirin is also used.27 This recommendation is based on a single RCT27 of lower- versus
standard-intensity VKA therapy (with low-dose
e74
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aspirin) in patients undergoing On-X AVR. The
lower-intensity INR group experienced significantly less major and minor bleeding, whereas
the rates of stroke, transient ischemic attack,
total neurological events, and all-cause mortality were similar between the 2 groups. A subsequent publication from these investigators
showed harm with a strategy of dual-antiplatelet therapy versus low-intensity anticoagulation
plus low-dose aspirin.28
10. The routine use of dual-antiplatelet therapy for
6 months after TAVI, which has been the default
strategy since the introduction of this technology into clinical use, has been not been rigorously assessed (see previous discussion). There
are several ongoing trials evaluating antithrombotic strategies after TAVI. A small, single-center
RCT of patients receiving a self-expanding TAVI
device showed no difference in a composite
endpoint of major adverse cardiac and cerebrovascular events or life-threatening bleeding with
aspirin plus clopidogrel versus aspirin alone at
30 days and 6 months.29 Compared with singleagent therapy, dual-antiplatelet therapy may be
associated with a higher risk of bleeding and
no significant difference in rates of valve leaflet
thrombosis, thromboembolism, or valve performance.12,13 Other procedural and patient factors
may impact the decision to use dual-antiplatelet
therapy.
11. The selective use of VKA therapy might be considered after TAVI in patients at low bleeding risk on
an individual basis. The PARTNER 2 investigators
reported that the use of an anticoagulant (95%
warfarin) after TAVI in intermediate– or higher–
surgical risk patients was associated with a lower
incidence of an increase in mean gradient >10
mm Hg over the first year after implantation.23
This Doppler finding may reflect the development
of leaflet thrombosis, for which a change in the
frequency of follow-up examinations or treatment
could be considered. VKAs may be more effective
than direct oral anticoagulants for reduction of
death, myocardial infarction, and cerebrovascular
events in patients undergoing TAVI with an indication for anticoagulation.33 The selective shortterm use of VKAs after ViV TAVI is predicated on
the observation that valve thrombosis may be
more frequent in this patient population.32
12. 
The GALILEO (Global Study Comparing a
Rivaroxaban-based Antithrombotic Strategy to an
Antiplatelet-based Strategy after Transcatheter
Aortic Valve Replacement to Optimize Clinical
Outcomes) trial assessed a strategy of low-dose
rivaroxaban (10 mg daily) plus low-dose aspirin
(75–100 mg daily) versus an antiplatelet strategy
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 13. Management of embolic events and valve thrombosis.
Colors correspond to Table 2. 3D indicates 3-dimensional; 4D, 4-dimensional; AVR, aortic valve replacement; CT, computed tomography; INR, international normalized ratio; MVR, mitral valve replacement; Rx, medication; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography; and VKA, vitamin K
antagonist.

of low-dose aspirin plus clopidogrel (75 mg daily).
The study was terminated prematurely by the
Data and Safety Monitoring Board because of
safety concerns. The rivaroxaban strategy was
associated with a higher risk of death or thromboembolic complications and a higher risk of bleeding than those seen with the antiplatelet-based
strategy.30
13. 
Dabigatran was compared with warfarin in
the RE-ALIGN (Randomized, Phase II Study to
Evaluate the Safety and Pharmacokinetics of Oral
Dabigatran Etexilate in Patients after Heart Valve
Replacement) trial. It was stopped prematurely for
excessive thrombotic and bleeding complications
in the dabigatran arm.4,5
14. The safety and efficacy of conventional-dose oral
anti-Xa agents in patients with a mechanical valve
prosthesis have not been evaluated.33–36
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11.3. Bridging Therapy
Recommendations for Bridging Therapy During Interruption of Oral
Anticoagulation in Patients With Prosthetic Heart Valves
COR

1

1

2a

LOE

Recommendations

C-EO

1. For patients with mechanical heart valves
who are undergoing minor procedures (eg,
dental extractions or cataract removal) where
bleeding is easily controlled, continuation of
VKA anticoagulation with a therapeutic INR is
recommended.

C-LD

2. For patients with a bileaflet mechanical AVR
and no other risk factors for thromboembolism
who are undergoing invasive procedures,
temporary interruption of VKA
anticoagulation, without bridging agents while
the INR is subtherapeutic, is recommended.

C-LD

3. For patients with a mechanical valve prosthesis
receiving VKA therapy who require immediate/
emergency noncardiac surgery or an invasive
procedure, administration of 4-factor
prothrombin complex concentrate (or its
activated form) is reasonable.

TBD TBD, 2021
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Recommendations for Bridging Therapy During Interruption of Oral
Anticoagulation in Patients With Prosthetic Heart Valves
(Continued)
COR

2a

2a

LOE

Recommendations

C-LD

4. For patients with bioprosthetic heart valves
or annuloplasty rings who are receiving
anticoagulation for AF, it is reasonable to
consider the need for bridging anticoagulant
therapy around the time of invasive procedures
on the basis of the CHA2DS2-VASc score
weighed against the risk of bleeding.

C-LD

5. For patients who are undergoing invasive
procedures and have 1) a mechanical AVR
and any thromboembolic risk factor, 2) an
older-generation mechanical AVR, or 3) a
mechanical mitral valve replacement, bridging
anticoagulation therapy during the preoperative
time interval when the INR is subtherapeutic is
reasonable on an individualized basis, with the
risks of bleeding weighed against the benefits
of thromboembolism prevention.

Synopsis
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The management of patients with prosthetic heart
valves or repaired native valves in whom interruption of anticoagulant therapy is needed for diagnostic
or surgical procedures should take into account the
type and location of the valve, the type of procedure, thromboembolic risk factors, the length of time
over which oral anticoagulation will be withheld, and
bleeding risk. “Bridging” therapy with either intravenous unfractionated heparin (UFH) or low-molecular-weight heparin (LMWH) has evolved empirically
to reduce thromboembolic events during temporary
interruption of oral anticoagulation in higher-risk patients, such as those with a mechanical mitral valve
replacement or AVR and additional risk factors for
thromboembolism.1

Recommendation-Specific Supportive Text
1. Antithrombotic therapy should not be stopped for
procedures in which bleeding is unlikely or would
be inconsequential if it occurred (eg, surgery on
the skin, dental cleaning, or simple treatment for
dental caries). Eye surgery, particularly for cataracts or glaucoma, is usually associated with very
little bleeding and thus is frequently performed
without alteration of anticoagulation with a VKA.
2. In patients with a bileaflet mechanical AVR and
no other risk factors, the risk of thromboembolism after stopping anticoagulation with a VKA is
small if the drug is withheld for only a few days.
In these low-risk patients, the inconvenience
and expense of bridging anticoagulation can be
avoided. When it is necessary to interrupt VKA
therapy, the agent is stopped 2 to 4 days before
the procedure and restarted as soon as bleeding
risk allows, typically 24 hours after surgery.2,3
e76
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3. In patients with mechanical valves on long-term
VKA therapy who require emergency surgery
or invasive procedures, anticoagulation can be
reversed by administration of intravenous prothrombin complex concentrate. It replaces the
coagulation factors that are decreased by VKAs and
contains all coagulant factors, including II, VII, IX,
and X, in inactivated form. Onset of effect is within
5 to 15 minutes, and duration of effect persists for
12 to 24 hours. With fresh frozen plasma, onset of
effect is longer (1–4 hours), and duration of effect
is shorter (<6 hours), depending on the dose given.
The effect of prothrombin complex concentrate
can be prolonged with vitamin K, if indicated.4
4. Although the large phase III trials comparing
NOACs with warfarin excluded patients with
moderate to severe rheumatic MS or mechanical heart valves, some did include patients with
other VHD and bioprosthetic valve replacement
or repair.5 Many patients who develop an indication for anticoagulation late after bioprosthetic
heart valve replacement or native valve repair are
treated safely with direct oral anticoagulants, as
predicated on their CHA2DS2-VASc score and the
predicted risks of bleeding. Considerations about
the need for bridging therapy in these individuals can follow the same strategy applied to other
subsets of patients who have AF without moderate to severe rheumatic MS or a mechanical
prosthesis.
5. When interruption of oral VKA therapy is deemed
necessary, the agent is usually stopped 3 to 4 days
before the procedure and is restarted postoperatively as soon as bleeding risk allows. Bridging
anticoagulation with intravenous UFH or subcutaneous LMWH is started when the INR falls below
the therapeutic threshold (ie, 2.0 or 2.5, depending on the clinical context), usually 36 to 48 hours
before surgery, and is stopped 4 to 6 hours (for
intravenous UFH) or 12 hours (for subcutaneous
LMWH) before the procedure. There are no randomized comparative-effectiveness trials evaluating a strategy of bridging versus no bridging in
adequate numbers of patients with prosthetic
heart valves who need temporary interruption of
oral anticoagulant therapy, although such studies
are ongoing. The evidence cited to support bridging therapy derives from cohort studies with poor
or no comparator groups.1,6–14 In patient groups
other than those with mechanical heart valves,
increasing concerns have surfaced that bridging
therapy exposes patients to higher bleeding risks
without reducing the risk of thromboembolism.15
Accordingly, decisions about bridging should be
individualized and should account for the tradeoffs between thrombosis and bleeding.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Recommendations for Management of Excessive Anticoagulation
and Serious Bleeding in Patients With Prosthetic Valves
Referenced studies that support the recommendations are
summarized in Online Data Supplement 37.
COR

2a

2a

2a

2b

LOE

Recommendations

C-LD

1. For patients with mechanical valves and
uncontrollable bleeding who require
immediate reversal of anticoagulation,
administration of 4-factor prothrombin
complex (or its activated form) is reasonable.

C-LD

2. For patients with mechanical valves and
uncontrollable bleeding who have received
4-factor prothrombin concentrate complex,
adjunctive use of intravenous vitamin K is
reasonable if resumption of VKA therapy is
not anticipated for 7 days.

B-NR

3. For patients with bioprosthetic valves or
annuloplasty rings who are receiving a
direct oral anticoagulant and who require
immediate reversal of anticoagulation because
of uncontrollable bleeding, treatment with
idarucizumab (for dabigatran) or andexanet
alfa (for anti-Xa agents) is reasonable.1–5

C-LD

4. For patients with a mechanical prosthetic valve
and supratherapeutic INR (>5.0) who are not
actively bleeding, the benefit of individualized
treatment with oral vitamin K, in addition to
temporary withdrawal of the VKA, is uncertain.

A 10-mg intravenous dose is recommended for lifethreatening bleeding when there is no concern for
restarting the VKA within the next week.
3. Idarucizumab (two, 2.5-mg bolus infusions no
more than 15 minutes apart) is indicated to reverse
the effect of dabigatran when clinically indicated.1,5
Andexanet alfa (bolus and 2-hour infusion, with the
dose dependent on the timing of exposure and the
individual agent) is used to reverse the effect of the
oral anti-Xa agents. Experience with these agents
is accumulating.2–4 Prothrombin complex concentrate (or its activated form) has also been used with
direct oral anticoagulant–related bleeding.
4. A systematic review of the effectiveness and safety
of administering vitamin K to patients receiving
VKA therapy with an INR between 4.5 and 10.0
and without bleeding indicated a nonsignificant
increased risk of mortality and thromboembolism
with vitamin K administration, with only moderate
certainty of the evidence. Patients receiving vitamin
K had a nonsignificant increase in the likelihood of
reaching goal INR, with very low certainty of the
evidence. The findings suggested that patients on
VKA therapy who have an INR between 4.5 and
10.0 and are not bleeding are not likely to benefit
from routine vitamin K administration in addition
to temporary VKA cessation.13
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Synopsis
Excessive VKA anticoagulation greatly increases the risk
of hemorrhage. However, a rapid decrease in INR to a
subtherapeutic level may increase the risk of thromboembolism.6 Nevertheless, for patients who require immediate reversal of VKA anticoagulation because of
severe or life-threatening bleeding or the need for an
emergency procedure, reversal is indicated.7 Preference
is placed on the use of rapid-acting and reliable agents,
such as prothrombin complex concentrate or its activated form. Addition of vitamin K can be considered on
an individual basis.8–13 Specific antidotes are available to
reverse the effects of dabigatran (idarucizumab) and the
oral anti-Xa (andexanet alfa) anticoagulants.

Recommendation-Specific Supportive Text
1. Four-factor prothrombin complex concentrate
includes factors II, VII, IX, and X. Onset of effect
is within 5 to 15 minutes, and duration of effect
is 12 to 24 hours. It is a more specific and reliable
reversal agent than fresh frozen plasma.8
2. Vitamin K is a cofactor for hepatic production of
factors II, VII, IX, and X. Onset of effect depends on
the route of administration (intravenous versus oral),
and the dose given should be predicated on the
presence of active bleeding, the maintenance dose
of the VKA, the magnitude of INR elevation, and
the desired range into which to reduce the INR.7,9–11
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

11.5. Thromboembolic Events With
Prosthetic Valves
Recommendations for Management of Thromboembolic Events
With Prosthetic Valves
COR

2a

2a

2b

LOE

Recommendations

C-EO

1. In patients with a mechanical AVR who
experience a stroke or systemic embolic
event while in therapeutic range on VKA
anticoagulation, it is reasonable to increase the
INR goal from 2.5 (range, 2.0–3.0) to 3.0 (range,
2.5–3.5) or to add daily low-dose aspirin (75–
100 mg), with assessment of bleeding risk.

C-EO

2. In patients with a mechanical mitral valve
replacement who experience a stroke or
systemic embolic event while in therapeutic
range on VKA anticoagulation, it is reasonable
to increase the INR goal from 3.0 (range,
2.5–3.5) to 4.0 (range, 3.5–4.0) or to add
daily low-dose aspirin (75–100 mg), with
assessment of bleeding risk.

C-EO

3. In patients with a bioprosthetic surgical or
transcatheter aortic valve or bioprosthetic
mitral valve who experience a stroke or
systemic embolic event while on antiplatelet
therapy, VKA anticoagulation, instead of
antiplatelet therapy may be considered after
assessment of bleeding risk.1,2

Synopsis
For patients with a mechanical valve who suffer an
embolic event, it is important to assess the adequacy
TBD TBD, 2021
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of VKA anticoagulation, document time spent in the
therapeutic range, exclude IE, screen for new-onset AF,
and consider whether an underlying hypercoagulable
state might be a contributing factor. Thromboembolism
in bioprosthetic heart valve recipients should similarly
raise suspicion of IE or new-onset AF in the right clinical setting. Leaflet thrombosis occurs more frequently
with bioprosthetic transcatheter aortic valves than with
bioprosthetic surgical aortic valves.1–4 Intensification of
antithrombotic therapy should always account for individual patient bleeding risk (Figure 13).
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11.6. Acute Mechanical Valve Thrombosis
11.6.1. Diagnosis of Acute Mechanical Valve
Thrombosis
Recommendation for Diagnosis of Acute Mechanical Valve
Thrombosis
Referenced studies that support the recommendation are
summarized in Online Data Supplement 38.
COR

1

LOE

Recommendation

B-NR

1. In patients with suspected mechanical
prosthetic valve thrombosis, urgent
evaluation with TTE, TEE, fluoroscopy, and/
or multidetector CT imaging is indicated to
assess valve function, leaflet motion, and the
presence and extent of thrombus.1–7

Recommendation-Specific Supportive Text

Downloaded from http://ahajournals.org by on December 17, 2020

1. There are no comparative-effectiveness trials from
which to assess the relative utility of higher-intensity VKA therapy versus standard VKA therapy
plus low-dose aspirin in mechanical valve recipients who have experienced stroke or systemic
embolism while in target INR range. Excluding
the common clinical occurrence of extended time
in a subtherapeutic INR range is the first priority.
Assessment of medication adherence, intercurrent illness, new or recently adjusted medications,
dietary changes, and alcohol intake is critical.
Whether to intensify VKA therapy or add lowdose aspirin is a patient-specific, shared decisionmaking proposition that must weigh several
factors, including bleeding risk.
2. The approach to management of the patient
with a systemic embolic event and a mechanical mitral prosthesis includes review of INR levels
to ensure the patient is in the target INR range
most of the time. INR levels may have been subtherapeutic because of suboptimal medication
adherence, intercurrent illness, new or recently
adjusted medications, dietary changes, or alcohol
intake. Whether to intensify VKA therapy or add
low-dose aspirin is a patient-specific, shared decision-making proposition that must weigh several
factors, including bleeding risk.
3. In those patients with a bioprosthetic valve who
have a stroke or embolic event, further imaging
with TEE or 3D CT scanning may show leaflet
thrombosis, which should respond to anticoagulation with either a VKA or a NOAC.1,2 The effectiveness of anticoagulation in aortic and mitral
bioprosthetic valve recipients in whom leaflet
thrombosis cannot be established as the cause
of thromboembolism is uncertain, and patients
should undergo a full neurological evaluation to
rule out other causes of the neurological event.
Shared decision-making that accounts for bleeding risk is a central feature of management.
e78
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Synopsis
Mechanical valve thrombosis is typically a subacute to
acute event resulting in rapid valve dysfunction because
of abnormal or absent motion of the valve leaflets, which
often is associated with inadequate VKA anticoagulation.
However, recurrent valve thrombosis can be associated
with pannus ingrowth in the chronic setting. Mechanical
valve thrombosis can present with rapid onset of symptoms or acute pulmonary edema. Physical examination
may demonstrate a stenotic murmur and muffled closing
clicks, and further urgent diagnostic evaluation is required.
The annual rate of prosthetic valve thrombosis with mechanical valves ranges from 0.1% to 5.7%. Higher rates
of mechanical valve thrombosis are seen for some specific
valve types, within the first 3 months after valve implantation and, for mechanical valves implanted in the mitral or
tricuspid position compared with the aortic position.8

Recommendation-Specific Supportive Text
1. Mechanical prosthetic valve thrombosis is diagnosed by an abnormally elevated velocity or gradient across the prosthesis, with either limited
leaflet motion or attached mobile densities consistent with thrombus, or both. Prosthetic valve
obstruction is usually defined as a mean transvalvular gradient increase >50% (or an increase
>10 mm Hg across an aortic prosthesis) compared
with baseline, after exclusion of other causes,
such as a high-output state. When mechanical valve thrombosis is suspected, imaging and
Doppler data from TTE provide information on
valve function, estimated pulmonary pressures,
and LV size and systolic function.9 Leaflet motion
should be visualized with CT or TEE (particularly
for a mitral prosthesis) or fluoroscopy (for an aortic prosthesis).6,7,10–12 Prolonged periods of observation under fluoroscopy or TEE may be required
to diagnose intermittent obstruction. The presence and quantification of thrombus and pannus
should be evaluated by either TEE or CT.6,7,10–12
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Recommendation for Intervention for Mechanical Prosthetic Valve
Thrombosis
Referenced studies that support the recommendation are
summarized in Online Data Supplement 38.
COR

1

LOE

Recommendation

B-NR

1. For patients with a thrombosed left-sided
mechanical prosthetic heart valve who present
with symptoms of valve obstruction, urgent
initial treatment with either slow-infusion, lowdose fibrinolytic therapy or emergency surgery
is recommended.1–12

Synopsis
Patients presenting with a thrombosed mechanical
valve require urgent therapy. The 2 options of lowdose, continuous-infusion thrombolytic therapy or
emergency surgery are both effective, with the decision
to proceed with either one based on multiple clinical
factors and local experience and expertise.

Recommendation-Specific Supportive Text

Downloaded from http://ahajournals.org by on December 17, 2020

1. The decision between surgery and systemic
fibrinolysis for symptomatic left-sided mechanical valve thrombosis should be individualized
(Table 23) after review by the heart valve team,
while engaging the patient in a process of shared
decision-making and accounting for local experience and expertise. The overall 30-day mortality
rate with surgery is 10% to 15%, with a lower
mortality rate of <5% in patients with NYHA
class I or II symptoms.2,3,7 Recent studies using an
echocardiogram-guided, slow-infusion, low-dose
fibrinolytic protocol have shown hemodynamic
success rates >90%, with embolic event rates
<2% and major bleeding rates <2%.13 Systemic
fibrinolysis is therefore an acceptable alternative
to reoperation in patients at high or prohibitive
surgical risk and in patients who have a small
thrombus burden, mild HF symptoms (NYHA class
I or II), and low bleeding risk. Absence of surgical expertise should be considered in the clinical
decision-making process as a factor that favors
thrombolytics, whereas recurrent valve thrombosis favors a surgical approach (Table 23).

11.7. Bioprosthetic Valve Thrombosis
11.7.1. Diagnosis of Bioprosthetic Valve
Thrombosis
Recommendation for Diagnosis of Bioprosthetic Valve Thrombosis
COR

LOE

Recommendation

2a

C-LD

1. In patients with suspected bioprosthetic valve
thrombosis, 3D TEE or 4D CT imaging can be
useful to rule out leaflet thrombosis.1–5

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Synopsis
Bioprosthetic valve thrombosis is most common in the
first 3 months after implantation but also has been described in patients years (typically 1 or 2) after valve implantation, with the longest interval being 6.5 years.6
Bioprosthetic valves are less thrombogenic than their
mechanical counterparts. However, the diagnosis of
subclinical bioprosthetic valve thrombosis has increased
with use of CT imaging and as a function of the increased numbers of implanted bioprosthetic valves, including TAVI.1–5

Recommendation-Specific Supportive Text
1. Bioprosthetic valve thrombosis appears to be
more common with transcatheter than with
surgical bioprosthetic valves. Leaflet thrombosis
often is suspected on the basis of an increased
transvalvular velocity on routine echocardiographic monitoring and can be confirmed by
the finding of hypoattenuation of the valve
leaflets on CMR imaging. When there is clinical
evidence of stenosis, 3D TEE or 4D CT imaging
may be useful to detect a layer of valve thrombus, which may respond to treatment with oral
anticoagulation.
11.7.2. Medical Therapy
Recommendation for Medical Therapy
Referenced studies that support the recommendation are
summarized in Online Data Supplement 39.
COR

2a

LOE

Recommendation

B-NR

1. In patients with suspected or confirmed
bioprosthetic valve thrombosis who are
hemodynamically stable and have no
contraindications to anticoagulation, initial
treatment with a VKA is reasonable.1–6

Synopsis
Patients with an obstructed bioprosthesis may have a
thin layer of thrombus causing reduced leaflet motion.
VKA treatment may result in resolution of the thrombus
and improvement in valve function.

Recommendation-Specific Supportive Text
1. Multiple small nonrandomized studies support
the use of VKAs to treat patients with clinical and
subclinical bioprosthetic valve thrombosis after
both SAVR and TAVI.1,3,4,6,7 VKA anticoagulation
can result in a significant reduction of transvalvular gradient, improved leaflet motion, and clinical
improvement.4,6,8
TBD TBD, 2021
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Table 23. Systemic Fibrinolysis Versus Surgery for Prosthetic Valve
Thrombosis
Favor Surgery

Favor Fibrinolysis

Readily available surgical expertise

No surgical expertise available

Low surgical risk

High surgical risk

Contraindication to fibrinolysis

No contraindication to fibrinolysis

Recurrent valve thrombosis

First-time episode of valve
thrombosis

NYHA class IV

NYHA class I, II, or III

Large clot (>0.8 cm2)

Small clot (≤0.8 cm2)

LA thrombus

No LA thrombus

Concomitant CAD in need of
revascularization

No or mild CAD

Other valve disease

No other valve disease

Possible pannus

Thrombus visualized

Patient choice

Patient choice

CAD indicates coronary artery disease; and NYHA, New York Heart
Association.
Adapted from several references.2,5,7,13,14

11.8. Prosthetic Valve Stenosis
11.8.1. Diagnosis of Prosthetic Valve Stenosis
Recommendations for Diagnosis of Prosthetic Valve Stenosis
Referenced studies that support the recommendations are
summarized in Online Data Supplement 40.
COR

Downloaded from http://ahajournals.org by on December 17, 2020

LOE

Recommendations

1

B-NR

1. In patients with suspected mechanical or
bioprosthetic valve stenosis, TTE and TEE are
recommended to diagnosis the cause and
severity of valve obstruction, assess ventricular
function, and estimate pulmonary artery
systolic pressure.1,2

1

C-EO

2. In patients with mechanical valve stenosis,
fluoroscopy or cine-CT is recommended
to assess motion of the mechanical valve
leaflets.

2a

C-LD

3. In patients with bioprosthetic valve stenosis,
3D TEE or 4D CT imaging can be useful to rule
out leaflet thrombosis.3–7

Synopsis
Prosthetic valve stenosis can occur with both mechanical and bioprosthetic valves. Echocardiographic definitions of stenosis severity have been provided by the
American Society of Echocardiography.1 Obstruction
of a mechanical valve may be caused by thrombus formation that leads to abnormal leaflet mobility, pannus
ingrowth, or a combination of the two.8 Bioprosthetic
valve stenosis may be caused by structural valve deterioration, with leaflet degeneration by thickening, calcification, or tear as the end stage of a slowly progressive process resulting in abnormal leaflet motion, or it
may be attributable to other structural causes, including stent creep. Bioprosthetic valve stenosis may also be
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attributable to nonstructural causes, such as endocarditis, leaflet thrombus, or pannus. The progressive stages
are defined by the Valve Academic Research Consortium criteria.9

Recommendation-Specific Supportive Text
1. TTE and TEE assessment can appropriately detect
and quantify prosthetic valve stenosis.1 TTE
within 3 months after valve implantation is useful
to provide baseline data on valve hemodynamics
and ventricular function. In some patients, the
orifice area of the implanted prosthesis may be
inadequate to meet the cardiac output demands
of the patient, even when the prosthetic valve
itself is functioning normally. This circumstance,
termed patient–prosthesis mismatch, is associated with a high transvalvular gradient, persistent LV hypertrophy, and an increased rate
of cardiac events after valve replacement.10,11
Diagnosis in the setting of bileaflet mechanical
valves is complicated by nonlaminar patterns
of blood flow, for which significant pressure
recovery may be present; thus, a high velocity in
the central narrow slit-like orifice may not correlate with prosthetic valve stenosis or patient–
prosthesis mismatch. Prosthetic valve stenosis is
distinguished from patient–prosthesis mismatch
by comparison with the early postoperative baseline study and by visualization of the appearance
and motion of the valve leaflets. Prosthetic valve
stenosis is characterized by a clinical course of
progressive increase in transvalvular velocity and
pressure gradient in conjunction with abnormal
thickened/calcified leaflets (for bioprosthetic
valves) or evidence of pannus formation (with
mechanical valves).
2. The motion of the leaflets of a mechanical valve
is best evaluated radiographically with fluoroscopy or cine-CT imaging because strong reflections from the mechanical valve obscure motion
on echocardiographic imaging in most patients,
particularly as assessed on images from the transthoracic approach. With fluoroscopic imaging,
the angle of imaging must be adjusted to demonstrate leaflet motion from a side view, permitting measurement of the angles of opening and
closure that can be compared with expected
values for that valve type. Cine-CT images are
obtained at a high frame rate focused on the
prosthetic valve in a 3D acquisition. Compared
with fluoroscopy, cine-CT 3D images are less
operator dependent for measuring opening
and closing angles. In addition, cine-CT allows
detection of pannus or thrombus on or adjacent
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11.8.2. Intervention for Prosthetic Valve Stenosis
Recommendations for Intervention for Prosthetic Valve Stenosis
Referenced studies that support the recommendations are
summarized in Online Data Supplement 40.
COR

LOE

Recommendations

B-NR

1. In patients with symptomatic severe stenosis of
a bioprosthetic or mechanical prosthetic valve,
repeat surgical intervention is indicated unless
surgical risk is high or prohibitive.1–3

2a

B-NR

2. For severely symptomatic patients with
bioprosthetic aortic valve stenosis and high or
prohibitive surgical risk, a transcatheter ViV
procedure is reasonable when performed at a
Comprehensive Valve Center.4,5

2a

B-NR

3. For patients with significant bioprosthetic
valve stenosis attributable to suspected
or documented valve thrombosis, oral
anticoagulation with a VKA is reasonable.6–13

1

Downloaded from http://ahajournals.org by on December 17, 2020

Synopsis
Cumulative survival rates are higher with reoperative AVR
than with transcatheter ViV treatment for prosthetic valve
stenosis, and a surgical approach is associated with a reduced incidence of patient–prosthesis mismatch, reduced
incidence of paravalvular leak, and lower aortic valve gradients.14 The VIVID (Valve-In-Valve International Data) registry examined outcomes with ViV treatment of 459 patients, of whom 40% had isolated stenosis and 30% had
mixed lesions.4 Within 1 month after the ViV procedure,
7.6% of patients died and 1.7% had a major stroke. Of
the survivors, 93% experienced good functional status
(NYHA class I or II), with an overall 1-year survival rate of
83.2%.4 Some systematic reviews comparing outcomes
of transcatheter ViV with those of repeat SAVR suggest
that hemodynamic outcomes are similar, but stroke and
bleeding risks are lower with ViV.15 There is a subset of
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

patients with bioprosthetic valve stenosis attributable to
thrombus on the leaflets who may respond to oral anticoagulation with a VKA (Figure 14).6–13

Recommendation-Specific Supportive Text
1. Reoperative surgery for prosthetic valve stenosis is
associated with acceptable mortality and morbidity rates in the current era, but the risks are typically higher than those estimated at the time of
initial surgery because of older patient age, clinical status at the time of intervention, and reoperative status.2,16 The decision to proceed with
surgical versus transcatheter intervention is based
on available expertise, individual patient and valve
characteristics, and shared decision-making.
2. Catheter-based therapy with transcatheter ViV has
emerged as an acceptable alternative to reoperative surgery for the treatment of high– and prohibitive–surgical risk patients with bioprosthetic AS.4,5
Although coronary artery obstruction is more common with aortic ViV procedures than with TAVI for
native AS, rates of paravalvular leak and permanent
pacemaker implantation are lower with aortic ViV
procedures than with TAVI for native AS. Annulus
rupture has not been reported. Transcatheter ViV
also has been successfully performed for failed surgical bioprostheses in the mitral, pulmonic, and tricuspid positions, although LV outflow obstruction may
occur after mitral ViV implantation.
3. A subset of patients presents with stenosis of a
bioprosthetic valve attributable to leaflet thrombosis that results in decreased mobility of the leaflets. Leaflet thrombosis can occur from 1 month
to years after implantation. If the patient is stable
and has no contraindication to long-term anticoagulation, a trial of oral anticoagulation with
VKA may result in resolution of the thrombus
and improvement in hemodynamics.6–13 However,
these patients are at increased risk of recurrent
thrombosis (if the anticoagulation is stopped)
and early structural deterioration, and thus they
require close follow-up.17

11.9. Prosthetic Valve Regurgitation
Regurgitation in a mechanical prosthetic valve may be
transvalvular, caused by impaired motion of the valve
disk secondary to pannus, thrombus, or vegetation interfering with complete closure of the valve occluders,
or paravalvular, caused by suture line disruption related
to technical error at implantation, suture failure, annular disruption, or endocarditis. Patients with severe mitral annular calcification are particularly vulnerable to
developing late paravalvular leak. Regurgitation in bioprosthetic valves may be paravalvular but more often is
TBD TBD, 2021
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to the valve, which is not possible with fluoroscopy. When excessive gradients are present with
normal leaflet motion and no thrombus, either
patient–prosthesis mismatch or pannus formation is present (or both).
3. Stenosis of a bioprosthesis may occur because of
progressive structural valve degeneration or pannus formation. However, stenosis can also occur
because of a thin layer of thrombus on the valve
cusps, which is reversible with oral anticoagulation therapy. Bioprosthetic valves are less thrombogenic than their mechanical counterparts.
However, the diagnosis of subclinical bioprosthetic
valve thrombosis has increased with the use of CT
imaging and as a function of the increased numbers of implanted bioprosthetic valves, including
TAVI.3–7 When there is clinical evidence of bioprosthetic valve stenosis, 3D TEE or 4D CT imaging
may be useful to detect a layer of valve thrombus
as the cause of the obstruction.
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Figure 14. Management of prosthetic valve stenosis and regurgitation.
Colors correspond to Table 2. 3D indicates 3-dimensional; 4D, 4-dimensional; CT, computed tomography; CVC, Comprehensive Valve Center; HF, heart failure;
TEE, transesophageal echocardiography; TTE, transthoracic echocardiography/echocardiogram; and ViV, valve-in-valve.

transvalvular, caused by leaflet immobility secondary to
calcification or leaflet perforation or flail associated with
areas of focal calcification.1 Echocardiographic definitions of prosthetic valve regurgitation severity have been
published by the American Society of Echocardiography.2
11.9.1. Diagnosis of Prosthetic Valve
Regurgitation
Recommendations for Diagnosis of Prosthetic Valve Regurgitation
Referenced studies that support the recommendations are
summarized in Online Data Supplement 41.
COR

e82

LOE

Recommendations

1

B-NR

1. In patients with suspected mechanical or
bioprosthetic valve regurgitation, TTE and TEE
are recommended to determine the cause and
severity of the leak, assess ventricular function,
and estimate pulmonary artery systolic pressure.1–4

1

C-EO

2. In patients undergoing a transcatheter
procedure for paravalvular prosthetic
regurgitation, 3D TEE is recommended for
intraprocedural guidance.4–7

TBD TBD, 2021

Synopsis
The clinical presentation of prosthetic valve regurgitation varies depending on its severity, hemodynamic
effects, and etiology. In asymptomatic patients, prosthetic valve regurgitation may be found incidentally
on routine clinical or imaging follow-up. A change in
auscultatory findings (eg, change in prosthetic valve
sounds or a new murmur) should prompt suspicion of
prosthetic valve dysfunction. Symptomatic patients
with prosthetic valve regurgitation present with unexplained or new-onset HF or significant hemolysis
with or without anemia. TTE is inadequate for evaluation of prosthetic mitral valves; TEE is needed when
prosthetic MR is a concern. A critical step in evaluation of the patient with prosthetic valve regurgitation
is to distinguish transvalvular from paravalvular leak,
which also requires TEE in addition to TTE.
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1. Echocardiography is the primary imaging modality to
assess the location and quantify the severity of prosthetic valve regurgitation, often requiring both TTE
and TEE approaches.1,3 Although TTE provides superior assessment of transvalvular gradients, chamber
sizes, and function, TEE is better suited to identify the
cause and location of regurgitation and is essential for
prosthetic mitral valve because of acoustic shadowing on TTE. Even with prosthetic aortic valves, acoustic shadowing may affect detection of a paravalvular
leak by either TTE or TEE, with TTE being suboptimal
to assess posterior paravalvular leak and TEE suboptimal to assess anterior defects.3 The Valve Academic
Research Consortium (VARC) has suggested an
approach for assessment of paravalvular leak severity
and constructed a 5-class grading scheme.7
2. 3D echocardiography plays a significant role in
determining the precise location and size of the
paravalvular leak in patients undergoing intervention. For a successful transcatheter paravalvular
leak closure, adequate paravalvular leak assessment includes 1) precise location of the defect(s),
2) precise dimensions, 3) orientation of the defect
in relation to the sewing ring and prosthetic valve
occluders or leaflets, and 4) location and orientation of the subvalvular structures. Real-time 3D TEE
allows optimal visualization of the defects and direct
guidance for catheter movement and positioning of
the implanted device(s) during the transcatheter
closure procedure.4,5 3D TEE also allows assessment
of residual regurgitation after device placement.
Limitations of 3D TEE include artifacts of ultrasound
imaging (eg, dropout, acoustic shadowing, reverberation artifacts) and reduced temporal and spatial
resolution.8 Transcatheter closure using intracardiac
echocardiography guidance is possible and alleviates the need for conscious sedation or anesthesia
but allows only 2D and color Doppler imaging.9
11.9.2. Medical Therapy
Medical therapy for prosthetic valve regurgitation is appropriate in asymptomatic patients or when the cause of
regurgitation is valve thrombosis (see Sections 11.6 and
11.8) or prosthetic valve endocarditis (see Section 12.3),
although further intervention may ultimately be needed
in many of these patients. Some patients tolerate asymptomatic prosthetic valve regurgitation for many years, similar to patients with native valve regurgitation. However,
there may be patients who develop rapid progression of
the severity of bioprosthetic valve regurgitation because
of leaflet degeneration. In patients with hemolytic anemia attributable to paravalvular regurgitation, medical
management with folic acid and iron supplementation or
periodic transfusion may be possible when the anemia is
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

not severe, with intervention reserved for patients with
symptomatic intractable anemia (see Section 11.8.3).
11.9.3. Intervention
Recommendations for Intervention
Referenced studies that support the recommendations are
summarized in Online Data Supplement 41.
COR

LOE

Recommendations

1

B-NR

1. In patients with intractable hemolysis or HF
attributable to prosthetic transvalvular or
paravalvular leak, surgery is recommended
unless surgical risk is high or prohibitive.1–4

2a

B-NR

2. In asymptomatic patients with severe
prosthetic regurgitation and low operative risk,
surgery is reasonable.1–4

B-NR

3. In patients with prosthetic paravalvular
regurgitation with the following: 1) either
intractable hemolysis or NYHA class III
or IV symptoms and 2) who are at high
or prohibitive surgical risk and 3) have
anatomic features suitable for catheter-based
therapy, percutaneous repair of paravalvular
leak is reasonable when performed at a
Comprehensive Valve Center.5–9

B-NR

4. For patients with severe HF symptoms caused
by bioprosthetic valve regurgitation who are at
high to prohibitive surgical risk, a transcatheter
ViV procedure is reasonable when performed
at a Comprehensive Valve Center.10–12

2a

2a

Synopsis
Prosthetic valve degeneration can result in regurgitation
attributable to leaflet calcification and noncoaptation or
leaflet degeneration with a tear or perforation. Acute
or chronic severe regurgitation may result in HF symptoms and signs. Paravalvular leak may result in hemolysis with symptoms attributable to anemia and HF. New
paravalvular leak late after valve implantation raises the
concern for IE, which should be excluded because the
presence of infection would require antibiotic treatment before surgical therapy and would be a contraindication to transcatheter therapy. Symptomatic patients
with paravalvular leak around a prosthetic valve are best
managed by surgery, with percutaneous closure of the
leak if the patient is at high or prohibitive surgical risk.
Symptomatic patients with bioprosthetic valve regurgitation are best managed by surgery, with a transcatheter ViV procedure if the patient is at high or prohibitive
risk. Because of rapid progression of bioprosthetic regurgitation, replacement of a leaking bioprosthesis may
be considered even in the asymptomatic patient.

Recommendation-Specific Supportive Text
1. Surgery is a viable therapeutic option in many
patients with symptomatic paravalvular leak and
is associated with reasonable outcomes.1 The
risks associated with surgical intervention depend
on the procedure required, be it suture repair or
TBD TBD, 2021
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repeat AVR. Although surgical reoperation is associated with acceptable mortality and morbidity
rates in the current era, it still carries a higher risk
than the initial surgery. Kaneko and colleagues
examined a cohort of 3380 patients from the STS
database (2011–2013) who underwent elective
isolated reoperative AVR, and they demonstrated
a higher (but acceptable) operative mortality
rate than that seen with initial AVR (4.6% versus
2.2%; P<0.0001) and relatively low complication
rates.13 This was true even among octogenarians
who underwent reoperative AVR.3 In a cohort of
136 consecutive patients who underwent surgical
correction for a non–endocarditis-related aortic
or mitral paravalvular leak (1986–2001), surgical
correction of the paravalvular leak was associated with acceptable operative mortality (6.6%)
and morbidity rates.1 More recently, Shah and
colleagues reported an operative mortality rate
of 3% among 495 patients undergoing surgery
for paravalvular leak,14 with higher risk associated
with mitral than with aortic valve procedures (odds
ratio: 1.66; 95% CI: 1.25–2.20). These findings
are consistent with the findings of Bouhout and
colleagues,15 who reported operative mortality
rates of 8% among mitral valve, 3% among aortic valve, and 14% among double-valve patients
in a total cohort of 190 patients undergoing surgery indicated for paravalvular leak. Estimates of
operative risk for individual patients can be calculated by using the STS risk calculator (http://riskcalc.sts.org/stswebriskcalc/).16
2. Prosthetic valve deterioration can result in regurgitation attributable to leaflet calcification and noncoaptation or leaflet degeneration with a tear or
perforation. Even in asymptomatic patients with
severe prosthetic regurgitation, valve replacement
is reasonable because of the risk of sudden clinical deterioration if further leaflet tearing occurs.
IE should be excluded or concurrently treated. If a
“watchful waiting” approach is taken in asymptomatic patients with severe prosthetic valve
regurgitation, referral to a Comprehensive Heart
Valve Center is prudent.
3. In some patients, operative risk is high, or surgery
is not feasible. Nonrandomized studies have demonstrated clinical success with percutaneous paravalvular leak closure performed by expert operators
under the supervision of an MDT at a Comprehensive
Valve Center. Procedural success rates for percutaneous paravalvular leak closure, typically defined
by no more than mild residual regurgitation and
the absence of death and major complications, are
highly variable. In a large single-center cohort, percutaneous repair of 141 paravalvular defects was
attempted in 115 patients, with an achieved overall
e84
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success rate of 77% and a 30-day complication rate
of 8.7%.6 In another study of 126 patients who
underwent percutaneous paravalvular leak repair,
Sorajja and colleagues reported a 3-year survival
rate of 64.3%.5 The degree of residual regurgitation affects symptom improvement and survival. In
a cohort of 231 consecutive patients (2006–2017)
who underwent percutaneous mitral paravalvular leak closure, the reduction of paravalvular leak
to mild or less was achieved in 70% of patients.7,8
Those patients with mild or less residual paravalvular
leak had a survival rate at 3 years of 61%, compared
with a rate of 47% in patients with greater degrees
of residual paravalvular leak (P=0.002).7,8 Notably,
treatment of HF symptoms with paravalvular leak
closure is more successful than is treatment of
hemolysis. IE should be excluded before attempted
paravalvular leak repair.
4. The Valve-In-Valve International Data registry
examined outcomes of transcatheter ViV procedures in 459 patients, of whom about 30% had isolated regurgitation and 30% had mixed lesions.10
Within 1 month after the ViV procedure, 7.6%
of patients died, 1.7% had a major stroke, and
93% of survivors experienced good functional status. The 1-year survival rate was 83.2%.10 Several
systematic reviews have compared outcomes of
transcatheter ViV with those of reoperative SAVR.
In 1 report, ViV had similar hemodynamic outcomes to repeat surgery and lower stroke risk and
bleeding risk than repeat surgery.11 A meta-analysis of 498 patients demonstrated no significant
differences in early and mid-term all-cause mortality rates with ViV or reoperation.17 In another
meta-analysis of 342 patients, reoperative AVR
was compared with transcatheter ViV for failed
degenerated aortic bioprosthesis and the group
undergoing reoperative AVR had a lower all cause
mortality with superior hemodynamic outcomes.18
Thus, although transcatheter ViV appears to be
a safe and feasible alternative to repeat SAVR in
patients who are inoperable or at high surgical
risk, repeat SAVR should remain the standard of
care, particularly in low-risk patients.18

12. INFECTIVE ENDOCARDITIS
12.1. Classification of Endocarditis
Endocarditis is classified according to whether a native
or prosthetic valve is affected and by timing of infection after valve intervention. Prevention of endocarditis is important in all patients with valve disease, both
before and after valve replacement or intervention (see
Section 2.4.2). The risk factors involved with IE and the
predominating causative organisms have evolved over
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Otto et al

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

12.2. Diagnosis of IE

Recommendations for Diagnosis of IE (Continued)
COR

LOE

Recommendations

2a

B-NR

10. In patients with Staphylococcus aureus
bacteremia without a known source, TEE is
reasonable to diagnose possible IE.11,36,52–56

2a

B-NR

11. In patients with a prosthetic valve in the
presence of persistent fever without
bacteremia or a new murmur, a TEE is
reasonable to aid in the diagnosis of IE.57–60

2a

B-NR

12. In patients in whom the anatomy cannot be
clearly delineated by echocardiography in the
setting of suspected paravalvular infections,
CT imaging is reasonable.37,61–68

B-NR

13. In patients classified by Modified
Duke Criteria as having “possible IE,”
18
F-fluorodeoxyglucose PET/CT is reasonable
as adjunct diagnostic imaging.69–71

B-NR

14. In patients with nosocomial S. aureus
bacteremia with a known portal of entry
from an extracardiac source, TEE might
be considered to detect concomitant
staphylococcal IE.22,53,54,72–74

Recommendations for Diagnosis of IE
Referenced studies that support the recommendations are
summarized in Online Data Supplement 42.
COR

LOE

Recommendations
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1

B-NR

1. In patients at risk of IE (eg, those with
congenital or acquired VHD, previous IE,
prosthetic heart valves, certain congenital
or heritable heart malformations,
immunodeficiency states, or injection drug
use) who have unexplained fever blood,
culture samples should be obtained.1

1

B-NR

2. In patients with the recent onset of left-sided
valve regurgitation, at least 2 sets of blood
culture samples should be obtained.1–12

1

B-NR

3. In patients with suspected IE, the Modified
Duke Criteria should be used for diagnosis
(Tables 24 and 25).2–10

B-NR

4. Patients with IE should be evaluated
and managed with consultation with a
multispecialty Heart Valve Team, which
includes an infectious disease specialist,
cardiologist, and cardiac surgeon; a cardiac
anesthesiologist for surgically managed
patients11; and a neurologist for patients with
neurological events.11–13

B-NR

5. In patients with suspected IE, TTE is
recommended to identify vegetations,
characterize the hemodynamic severity of
valvular lesions, assess ventricular function
and pulmonary pressures, and detect
complications.14–23

B-NR

6. In all patients with known or suspected
IE and nondiagnostic TTE results, when
complications have developed or are clinically
suspected or when intracardiac device leads
are present, TEE is recommended.21,23–40

1

B-NR

7. In patients with IE who have a change in
clinical signs or symptoms (eg, new murmur,
embolism, persistent fever, HF, abscess,
or atrioventricular heart block) and in
patients at high risk of complications (eg,
extensive infected tissue, large vegetation
on initial echocardiogram, or staphylococcal,
enterococcal, or fungal infections),
TTE and/or TEE are recommended for
reevaluation.24,31,41–46

1

B-NR

8. In patients undergoing valve surgery for IE,
intraoperative TEE is recommended.47–50

B-NR

9. In patients being considered for an early
change to oral antibiotic therapy for the
treatment of stable IE, a baseline TEE before
switching to oral therapy and a repeat TEE
1 to 3 days before completion of the oral
antibiotic regimen should be performed.51

1

1

1

1
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2a

2b

Synopsis
In patients with suspected endocarditis, the Modified
Duke Criteria (Tables 24 and 25) are the current standard for diagnosis and incorporate clinical, imaging,
and bacteriological criteria. These criteria have been
well validated by comparison with surgical or autopsy
findings and in the clinical outcomes of numerous
studies involving a wide spectrum of patients, including children, the elderly, prosthetic valve recipients,
injection drug users, and non–drug users, as well as
patients in both primary- and tertiary-care settings.
For patients with VHD and known or suspected IE, obtain blood culture results before initiation of antibiotic
therapy. For diagnosis and management of patients
with IE, additional members of the Heart Valve MDT
include infectious disease experts, who can provide
advanced approaches to microbiological diagnosis.
Cardiac imaging with TTE, TEE, and now CT and CT/
PET imaging is critical for diagnosis of IE.4,6–10

Recommendation-Specific Supportive Text
1. Blood culture results are positive in 90% of patients
with IE provided that ≥2 blood culture samples
are obtained at different times, ideally >6 hours
apart if clinical status allows, at peripheral sites
before initiation of antimicrobial therapy. More
important than the time interval of the collection
of culture samples is observing strict aseptic technique, avoiding sampling from intravascular lines,
and ensuring an adequate volume of blood for
the culture sample. Routine incubation of blood
culture samples for >7 days is no longer necessary
in the era of continuous-monitoring blood culture
TBD TBD, 2021
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time, with a recent increased incidence of drug use–associated IE. IE is fatal unless treated appropriately, and
there are no asymptomatic patients with endocarditis.
The in-hospital mortality rate for IE is 15% to 20%,
with a 1-year mortality rate approaching 40%. Noninfective types of endocarditis are not addressed in these
guidelines.
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Table 24.
Criteria
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Diagnosis of IE According to the Proposed Modified Duke

Definite IE
Pathological criteria
  Microorganisms demonstrated by culture or histological examination
of a vegetation, a vegetation that has embolized, or an intracardiac
abscess specimen; or
  Pathological lesions: Vegetation or intracardiac abscess confirmed by
histological examination showing active endocarditis
Clinical criteria
   2 major criteria; or
   1 major criterion and 3 minor criteria; or
   5 minor criteria
Possible IE
1 major criterion and 1 minor criterion; or
3 minor criteria
Rejected

Major criteria
Blood culture positive for IE
  Typical microorganisms consistent with IE from 2 separate blood
cultures:
   Viridans streptococci, Streptococcus bovis, HACEK group
(Haemophilus spp, Actinobacillus actinomycetemcomitans,
Cardiobacterium hominis, Eikenella spp, and Kingella kingae), S.
aureus; or community-acquired enterococci, in the absence of a
primary focus; or
  Microorganisms consistent with IE from persistently positive blood
culture results, defined as follows:
   At least 2 positive culture results of blood samples drawn 12 h
apart; or
   All of 3 or most of ≥4 separate culture samples of blood (with first
and last samples drawn at least 1 h apart)
   Single positive blood culture result for Coxiella burnetii or antiphase
I IgG antibody titer >1:800
Evidence of endocardial involvement

Firm alternative diagnosis explaining evidence of IE; or

   Echocardiogram positive for IE defined as follows:

Resolution of IE syndrome with antibiotic therapy for <4 d; or

  Oscillating intracardiac mass on valve or supporting structures, in the
path of regurgitant jets, or on implanted material in the absence of an
alternative anatomic explanation

 No pathological evidence of IE at surgery or autopsy, with antibiotic
therapy for <4 d; or
Does not meet criteria for possible IE as listed above
IE indicates infective endocarditis.
Adapted from Durack DT, et al,2 and Li JS, et al.4
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systems and non–culture-based technology. In the
10% of patients with culture-negative endocarditis, serological testing or advanced laboratory
diagnostics (eg, polymerase chain reaction) may
be helpful to identify the etiologic agent.1,42,75–78
2. The recent onset of new or increased left-sided
valve regurgitation, detected by the presence of
a new or louder murmur followed by TTE confirmation, may be attributable to endocarditis, so
it is prudent to obtain blood culture samples to
exclude this diagnosis.
3. The Modified Duke Criteria (Tables 24 and 25)
have been well validated by comparison with
surgical or autopsy findings and in the clinical
outcomes of numerous studies involving a wide
spectrum of patients, including children, the
elderly, prosthetic valve recipients, injection drug
users, and non–drug users, as well as patients in
both primary- and tertiary-care settings. About
three-fourths of patients with IE are diagnosed
within 30 days of the onset of infection, so classic clinical features of IE, such as embolic or
vasculitic skin lesions, renal disease caused by
immune complex deposition, and immunologic
abnormalities, are often absent. In these cases,
maintaining a high level of clinical suspicion with
regard to the possibility of IE in patients who are
susceptible is paramount.4,6–10

e86

Table 25. Major and Minor Criteria in the Modified Duke Criteria for
the Diagnosis of IE
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  Abscess; or
   New partial dehiscence of prosthetic valve
  New valvular regurgitation (worsening or changing of preexisting
murmur not sufficient)
Minor criteria
Predisposition, predisposing heart condition, or injection drug use
Fever, temperature >38°C (100.4°F)
 Vascular phenomena, major arterial emboli, septic pulmonary infarcts,
mycotic aneurysm, intracranial hemorrhage, conjunctival hemorrhages,
and Janeway lesions
 Immunological phenomena: glomerulonephritis, Osler’s nodes, Roth’s
spots, and rheumatoid factor
 Microbiological evidence: positive blood culture but does not meet
a major criterion as noted above* or serological evidence of active
infection with organism consistent with IE
*Excludes single positive cultures for coagulase-negative staphylococci and
organisms that do not cause IE.
IE indicates infective endocarditis; IgG, immunoglobulin G; and spp,
species.
Adapted from Durack DT, et al,2 and Kupferwasser LI, et al.3

4. The diagnosis of IE can still be difficult and is frequently delayed, which may cause progressive
and potentially irreparable structural damage
to the heart and other organ systems secondary to vascular–embolic and immunologically
mediated events. Additionally, stroke (16.9%),
embolization other than stroke (22.6%), HF
(32.3%), intracardiac abscess (14.4%), and
the need for surgical therapy (48.2%) remain
common. Patients with suspected IE are most
optimally managed in an environment that
coordinates the management of specialists who
are well attuned to the various organ systems,
pathological processes, and potential treatment
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size under therapy must be considered a risk factor for new embolic events, whereas unchanged
or reduced vegetation size under therapy may be
more difficult to interpret.23,29,32–40
7. HF, paravalvular extension, and embolic events
represent the 3 most frequent and severe complications of IE. They are also the 3 main indications for early surgery, which is performed
in almost 50% of cases. If signs or symptoms
consistent with any of these complications
exist, there should be a very low threshold for
repeat imaging in these patients. TEE may miss
initial paravalvular abscesses, particularly when
the study is performed early in the patient’s illness. In such cases, the incipient abscess may be
seen only as nonspecific paravalvular thickening, which on repeat imaging across several days
may become recognizable as it expands and cavitates. Similarly, paravalvular fistulae and pseudoaneurysms develop over time, and negative
early TEE images do not exclude the potential for
their development. A single negative TEE study
cannot rule out underlying IE, and a repeat TEE
study should be performed when a suspicion of
persistence of infection remains or if complications ensue. Conversely, in the absence of clinical deterioration or new signs and symptoms,
routine follow-up echocardiography is probably
of only limited clinical utility.24,41,42,44–46
8. Intraoperative TEE during cardiac surgery has an
important role in the evaluation and quality control of a large variety of pathologies. Clinical and
echocardiographic characteristics may change
during an episode of IE because of the prolonged active phase and fluctuating course of
this disease. Even if preoperative TEE has been
performed, vegetation change/embolization or
extension of the infectious process beyond the
valve tissue may occur. In addition, other valves
may become involved as the disease timeline
progresses. Intraoperative TEE has been invaluable for baseline reassessment of anatomic or
hemodynamic changes that may occur in the
interval between the diagnostic echocardiogram
and the time of surgery. TEE is also an important
monitoring tool for evaluation of operative complications, such as air emboli, and an important
adjunct to ensure the quality of the intended
surgical result.49,50
9. The recently published randomized POET (Partial
Oral Treatment of Endocarditis) trial studied 400
patients with “stable” left-sided IE caused by
streptococcus, Enterococcus faecalis, S. aureus,
or coagulase-negative staphylococci. Patients
who had been on intravenous antibiotics for at
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modalities involved, ideally at centers with
immediate access to cardiac surgery during the
initial observation stages of the disease. With
the emerging use of telemedicine, it may be reasonable to manage patients with lower-acuity IE
in a center without on-site multispecialty care by
telecommunication with a Heart Valve MDT and
infectious disease specialists, with rapid transfer
of the patient to a Comprehensive Valve Center
if needed.11–13
5. The presence of valvular vegetation is a major
criterion in the diagnosis of IE. TTE has a sensitivity between 50% and 90% and a specificity >90% for detection of vegetations in native
valve endocarditis. TTE has a sensitivity of only
36% to 69% in prosthetic valve endocarditis, but
TTE still has a role in these patients for detection
and quantitation of valve dysfunction (even in
the challenging situation of regurgitation in the
mechanical prosthetic mitral valve, for which a
proximal convergence zone may provide important evidence for a paravalvular leak), evaluation of ventricular size and systolic function, and
estimation of pulmonary pressures. TTE exhibits
superior imaging over TEE for the anterior aspect
of a prosthetic aortic valve, which is commonly
shadowed by the valve on TEE. TTE also allows
measurement of aortic transvalvular velocity/
gradient, which is not always possible on TEE.
Although TTE will not definitively exclude vegetations or abscesses in IE, it can identify very
high-risk patients, establish the diagnosis, and
guide early treatment decisions (Figure 8).14,19–23
6. The sensitivity of TEE in native valve endocarditis
ranges from 90% to 100%, with sensitivity ranges
slightly lower in prosthetic valve endocarditis. TEE
is superior to TTE in the visualization of both vegetations and paravalvular complications, which can
be anatomic (eg, valve perforation, abscesses, and
pericardial effusion) or hemodynamic (eg, valve
regurgitation, fistulae, and intracardiac thrombi)
in nature. TTE and TEE are complementary for the
comprehensive evaluation of hemodynamics and
anatomy in patients with IE. TEE should be used as
an adjunct in patients with echocardiographic features of IE on TTE to rule out the presence of findings
such as abscesses, which may alter the therapeutic
approach to the management of the patient. TEE
also serves a vital role in reassessment of patients
with known IE with suspected clinical complications, as well as a guiding tool in the intraoperative
assessment and management of the patient with
IE. The timing of repeat examinations depends on
the clinical presentation and course and on the virulence of the microorganism. Increasing vegetation
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least 10 days were randomized to continuation
of the usual course of intravenous antibiotics
or discharge to ambulatory treatment with oral
antibiotics. As part of the study protocol, patients
were reassessed by TEE within 1 to 3 days of
completion of their assigned treatment to confirm that the patient had a sufficient response to
therapy. The primary outcome was a composite
of all-cause mortality, unplanned cardiac surgery,
embolic events, or relapse of bacteremia with the
primary pathogen. At 6 months after antibiotic
treatment completion, the switch to early oral
antibiotic therapy was noninferior to traditional
long-term intravenous therapy.51
10. IE in patients with S. aureus bacteremia frequently involves normal cardiac valves and is
seldom accompanied by the physical stigmata
of IE, rendering the diagnosis of the disease difficult. Reliance on physical examination findings
and clinical stigmata is likely to result in underdiagnosis of S. aureus IE in a large number of
cases. TEE is cost-effective to guide duration of
therapy in patients with intravascular catheter–
associated S. aureus bacteremia, patients with
intracardiac electronic devices, or other patients
at higher risk of IE (including those with previous
prosthetic valve surgery) or associated complications. Despite early diagnosis and appropriate
therapy, IE after S. aureus bacteremia is frequently associated with disabling and life-threatening sequelae. The overall mortality rate of S.
aureus IE ranges from 19% to 65%. Other complications include HF (20%–50%), paravalvular
cardiac abscesses (30%–40%), neurological
manifestations (30%), and systemic embolization (40%).11,36,55,56
11. When compared with native valve endocarditis,
prosthetic valve endocarditis is characterized by
a lower incidence of vegetations (especially in
mechanical prostheses) and a higher incidence of
annular abscess and other paravalvular complications. Because cardiac auscultation may also be
less revealing in prosthetic valve endocarditis and
because ordinarily less virulent organisms may
cause more anatomic destruction before culture
or serological detection, early use of TEE in these
high-risk patients is important. The sensitivity
of TEE for detecting IE is lower with prosthetic
valves than with native valves, so the importance
of comparing serial echocardiographic studies is
paramount to making the diagnosis.59,60
12. Electrocardiographic-synchronized, multidetectorrow CT is emerging as an important tool for noninvasive cardiac assessment and may be helpful
in evaluating complications of IE. CT may also be
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indicated in right-sided IE to demonstrate the presence of septic pulmonary infarcts and abscesses.
Although CT is less accurate than TTE and TEE for
identifying valvular vegetation and valvular perforations, CT is useful for evaluating patients with
equivocal findings on TEE and for evaluating complications in patients with suspected paravalvular
infection. CT imaging is particularly useful in preoperative evaluation of patients with aortic valve
IE to evaluate coronary artery and aortic involvement. In suspected prosthetic valve endocarditis,
cardiac CT is less affected by the shadowing of
mechanical valves or bioprosthetic valve sewing rings than is ultrasonography. CT also allows
evaluation of the motion of mechanical valve
occluders and provides visualization of thrombus or infective material limiting valve occluder
motion. Additional imaging modalities, such as
cardiac valvular fluoroscopy, can be an adjunct to
other clinical and imaging information to detect
the presence of obstructive disease in mechanical
prosthetic valves affected by IE.61,64–68
13. Diagnosis of IE can still be a vexing undertaking. It has been shown that the use of
18
F-fluorodeoxyglucose PET/CT at the initial
presentation of patients with suspected prosthetic valve endocarditis increases the diagnostic capability of the Modified Duke Criteria. The
inclusion of abnormal 18F-fluorodeoxyglucose
cardiac uptake as a major criterion addition to
the Modified Duke Criteria enabled a recategorization of 76% of patients with prosthetic valve
endocarditis initially classified as “possible” IE on
admission to the hospital to “definite” IE. This
tool must be used in centers with great experience with the technology, as this imaging technique may also be prone to false-positive results
because of sterile inflammation in implanted
prosthetic valves. 18F-fluorodeoxyglucose PET/
CT may also be considered a complementary
diagnostic tool for some patients with suspected
native valve endocarditis.69–71
14. Because the frequency of IE among patients with
S. aureus bacteremia is reported to be approximately 30%, with many cases not being clinically
suspected, TEE may be considered in the setting
of S. aureus bacteremia to rule out IE. Even in
S. aureus bacteremia from a known extracardiac
source, such as an infected joint or joint prosthesis, TEE might be considered, given known cases
of seeding of valve tissue in this type of setting.
Possible exceptions are patients who have no
underlying cardiac predisposing conditions or
clinical signs of IE whose fever and bacteremia
resolve within 72 hours after removal of a likely
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12.3. Medical Therapy
Recommendations for Medical Therapy for IE
Referenced studies that support the recommendations are
summarized in Online Data Supplement 42.
COR

LOE

Recommendations

1

B-NR

1. In patients with IE, appropriate antibiotic
therapy should be initiated and continued after
blood cultures are obtained, with guidance
from antibiotic sensitivity data and the
infectious disease experts on the MDT.1–7

1

B-R

2. Patients with suspected or confirmed IE associated
with drug use should be referred to addiction
treatment for opioid substitution therapy.8–10

2a

B-NR

3. In patients with IE and with evidence of
cerebral embolism or stroke, regardless of
the other indications for anticoagulation,
it is reasonable to temporarily discontinue
anticoagulation.11–24
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4. In patients with left-sided IE caused by
streptococcus, Enterococcus faecalis, S. aureus,
or coagulase-negative staphylococci deemed
stable by the MDT after initial intravenous
antibiotics, a change to oral antibiotic therapy
may be considered if TEE before the switch to
oral therapy shows no paravalvular infection,
if frequent and appropriate follow-up can be
assured by the care team, and if a follow-up
TEE can be performed 1 to 3 days before the
completion of the antibiotic course.25

2b

B-R

2b

B-NR

5. In patients receiving VKA anticoagulation
at the time of IE diagnosis, temporary
discontinuation of VKA anticoagulation may
be considered.13,26–34

3: Harm

C-LD

6. Patients with known VHD should not receive
antibiotics before blood cultures are obtained
for unexplained fever.22,35,36

Synopsis
Details of specific antimicrobial regimens have been
published previously by the AHA, European Society of
Cardiology, and British Society for Antimicrobial Chemotherapy and are not repeated in this guideline. In
patients on anticoagulant therapy for AF or a mechanical heart valve, continued anticoagulation is associated
with a higher risk of intracranial bleeding, particularly
after an embolic event. In patients with suspected
intravenous drug use, effective long-term therapy includes referral to an addiction treatment program. In
a select subset of patients with a stable clinical course,
it may be possible to convert from intravenous to oral
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antibiotics if TEE confirms the absence of paravalvular extension of the infection. In addition to antibiotic
therapy, early surgical intervention often (approximately 50% of the time) is needed to manage infection and
the sequelae of valve leaflet and paravalvular tissue destruction (Figure 15).1,2,37–42

Recommendation-Specific Supportive Text
1. Optimal treatment of IE is based on the appropriately timed initiation of antimicrobial therapy that
is effective against the specific infective organism involved. Empirical therapy may be necessary in patients with septic shock or patients who
show high-risk signs on presentation. Although
no RCTs have been performed with regard to the
use of antibiotic therapy in IE, the mortality rate
before the antibiotic age neared 100%. Specific
antimicrobial regimens, depending on the causative microorganism, have been published by the
British Society for Antimicrobial Chemotherapy
and the AHA. Because there are continuous
changes in antimicrobial sensitivity over time, as
well as regional and site-specific differences in
antimicrobial susceptibility profiles, concomitant
management with the assistance of a consultant thoroughly familiar with these patterns is
imperative.1–7
2. Drug use–associated endocarditis is associated
with a significantly higher complexity of care,
with increased rates of readmission, reinfection,
and recurrent need for repeat interventions,
and its incidence has risen 12-fold over the past
decade. Addiction specialists are an important
part of the Heart Valve Team for this patient population. Addiction studies have shown that treatment outcomes for behavioral interventions alone
for opioid use disorders are dismal, with >80% of
patients returning to drug use. Some data show
that patients who used pharmacotherapy, such
as agonist therapy (opioid substitution therapy),
in addition to behavioral treatments had a 50%
reduction in relapse compared with those who
used behavioral therapies alone.8–10
3. Stroke in patients with IE can have several
mechanisms, including hemorrhagic transformation of an ischemic infarct, septic erosion of
an atherosclerotic vessel without aneurysm formation, and rupture of a mycotic aneurysm. Up
to 35% of all patients with IE develop clinically
evident systemic emboli. If more sensitive tests,
such as magnetic resonance imaging, are used,
a much higher proportion of patients with IE
have evidence of emboli. In these patients, the
most common cause of stroke is septic embolus
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infected focus (such as intravascular catheter
removal). In the absence of 1) prolonged bacteremia lasting >4 days, 2) a permanent intracardiac device, 3) hemodialysis dependency, or
4) spinal infection or nonvertebral osteomyelitis,
the risk of IE is relatively low, and routine TEE
may not be necessary.22,53,54,74
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Figure 15. Diagnosis of IE.
Colors correspond to Table 2. CT indicates computed tomography; IE, infective endocarditis; 18FDG, 18F-fluorodeoxyglucose; NVE, native valve
endocarditis; PET, positron emission tomography; PVE, prosthetic valve endocarditis; TEE, transesophageal echocardiography; and TTE, transthoracic
echocardiography.

resulting in ischemia, often followed by hemorrhagic transformation. Anticoagulant therapy
may increase the risk of an embolic infarct
converting to a hemorrhagic infarct, and this
risk must be weighed against the higher risk of
recurrent embolization and valve dysfunction,
particularly in patients on anticoagulation for a
prosthetic valve. A specialist in the field of neurology or neuroradiology should be added to
the Heart Valve Team when stroke complicates
IE.11,18–24
4. POET randomized stable patients who had leftsided endocarditis caused by streptococcus,
E. faecalis, S. aureus, or coagulase-negative
staphylococci to treatment arms of continued intravenous treatment or a switch to oral
antibiotic treatment after antibiotics had been
administered intravenously for at least 10 days.
Within 1 to 3 days before the completion of
the assigned antibiotic treatment, TEE was performed to confirm that the patient had a sufficient response to treatment as part of this
protocol.25
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5. In patients with native valve endocarditis, routine use of VKA is not recommended. In patients
on VKA for other indications who have IE, VKA
discontinuation should be considered at the initial presentation for several reasons: 1) the risk
of bleeding associated with any needed urgent
invasive procedures, 2) the risk of hemorrhagic
stroke, and 3) the possible need for early surgery,
which is required in roughly 50% of patients
with prosthetic valve endocarditis. There are no
RCTs studying the use of bridging therapy with
intravenous or subcutaneous anticoagulant therapy in patients with IE, but observational studies
suggest an increased risk of hemorrhagic stroke
in patients on intravenous UFH during the acute
phase of acute IE. Decisions about continued
anticoagulation and antiplatelet therapy should
ultimately be directed by the patient’s cardiologist
and cardiothoracic surgeon, in consultation with
a neurology specialist if neurological findings are
clinically present or noted on imaging.11,27–34
6. Two sets of blood culture samples are the minimum for a secure microbiological diagnosis of IE.
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Recommendations for Intervention for IE (Continued)
COR

2a

2b

LOE

B-NR

B-NR

B-NR

11. In patients with IE and an indication for
surgery who have suffered a stroke but have
no evidence of intracranial hemorrhage or
extensive neurological damage, operation
without delay may be considered.68–70

B-NR

12. For patients with IE and major ischemic
stroke with extensive neurological damage
or intracranial hemorrhage, if the patient
is hemodynamically stable, delaying
valve surgery for at least 4 weeks may be
considered.68,71

Recommendations for Intervention for IE

COR

LOE

1

B-NR

1. Decisions about the timing of surgical
intervention for IE should be made by a Heart
Valve Team.1–6

B-NR

2. In patients with IE who present with valve
dysfunction resulting in symptoms of HF, early
surgery (during initial hospitalization and
before completion of a full therapeutic course
of antibiotics) is indicated.7–19

B-NR

3. In patients with left-sided IE caused by S.
aureus, a fungal organism, or other highly
resistant organisms, early surgery (during
initial hospitalization and before completion
of a full therapeutic course of antibiotics) is
indicated.7,9,15,20–35

B-NR

4. In patients with IE complicated by heart
block, annular or aortic abscess, or
destructive penetrating lesions, early surgery
(during initial hospitalization and before
completion of a full therapeutic course of
antibiotics) is indicated.7,9,36–44

B-NR

5. In patients with IE and evidence of persistent
infection as manifested by persistent
bacteremia or fevers lasting >5 days after
onset of appropriate antimicrobial therapy,
early surgery (during initial hospitalization and
before completion of a full therapeutic course
of antibiotics) for IE is indicated.7,9,15,25,26,45–48

B-NR

6. In all patients with definite endocarditis
and an implanted cardiac electronic device,
complete removal of the pacemaker or
defibrillator systems, including all leads and
the generator, is indicated.49–55

C-LD

7. For patients with prosthetic valve endocarditis
and relapsing infection (defined as recurrence
of bacteremia after a complete course of
appropriate antibiotics and subsequent
negative blood culture results) without other
identifiable source of infection, surgery is
recommended.7

C-LD

8. In patients with recurrent endocarditis and
continued intravenous drug use, consultation
with addiction medicine is recommended
to discuss the long-term prognosis for the
patient’s refraining from actions that risk
reinfection before repeat surgical intervention
is considered.56–60

1

1
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9. In patients with IE who present with recurrent
emboli and persistent vegetations despite
appropriate antibiotic therapy, early surgery
(during initial hospitalization and before
completion of a full therapeutic course of
antibiotics) is reasonable.53,61–66
10. In patients with native left-sided
valve endocarditis who exhibit mobile
vegetations >10 mm in length (with
or without clinical evidence of embolic
phenomenon), early surgery (during initial
hospitalization and before completion of a
full therapeutic course of antibiotics) may be
considered.20,61–63,67

12.4. Intervention
Referenced studies that support the recommendations are
summarized in Online Data Supplement 42.

Recommendations

Synopsis
Management of patients with IE requires a Heart Valve
MDT supplemented by inclusion of infectious disease and
neurology specialists. The indications for early surgery for
patients with IE include HF, persistent infection, abscess,
heart block, infection with highly resistant organisms, or
recurrent emboli (with persistent vegetations). In patients
with implanted electronic devices, infection of the entire
system is likely, even if it appears confined to the leads on
imaging, and this mandates removal of the entire system
to eradicate the infection. In patients with an indication
for early surgery, a cerebral embolic event is not a contraindication unless there is extensive neurological damage
or intracranial hemorrhage (Figure 16).

Recommendation-Specific Supportive Text
1. IE is best managed in an environment with ready
access to specialists in the fields of cardiology, cardiothoracic surgery, and infectious disease, with
the option for transfer of complicated cases to a
Comprehensive Valve Center when needed. A riskscoring system using the STS database has been
developed to predict surgical risk in patients with
IE to help better counsel patients and more objectively define the risks associated with surgery. One
trial noted that even when surgery is indicated,
women were less likely to undergo a surgical
procedure than men (26% versus 47%) and that
women had higher in-hospital and 1-year mortality
rates than men despite similar comorbidities.1,2,4–6
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Antibiotic therapy is most effective if the identity
and sensitivities of the responsible organism are
known. S. aureus is the most common pathogen
responsible for prosthetic valve endocarditis but
still accounts for only 23% of cases. The leading
cause of “culture-negative IE” is the use of antibiotics before blood cultures are obtained. Negative
blood cultures in the setting of IE delay diagnosis
and often require additional serological and polymerase chain reaction testing.22,35,36
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Figure 16. Endocarditis treatment.
Colors correspond to Table 2. *IE caused by streptococcus, E. faecalis, S. aureus, or coagulase-negative staphylococci deemed stable by the Heart Valve Team.
†Early surgery defined as during initial hospital course and before completion of a full course of appropriate antibiotics. ‡In patients with an indication for surgery
and a stroke but no evidence of intracranial hemorrhage or extensive neurological damage, surgery without delay may be considered. DUA indicates drug use associated endocarditis; HF, heart failure; ICD, implantable cardioverter-defibrillator; ID, infectious disease; IE, infective endocarditis; IV, intravenous; NVE, native valve
endocarditis; OST, opioid substitution treatment; pt, patient; PVE, prosthetic valve endocarditis; Rx, therapy; S. aureus, Staphylococcus aureus; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography; VHD, valvular heart disease; and VKA, vitamin K antagonist.

2. Studies have reported a 21% in-hospital mortality rate in patients with IE and HF who were
treated with surgery versus a 45% mortality rate
in those who were treated medically. In leftheart native valve endocarditis, 4 baseline features have been independently associated with
6-month mortality: 1) abnormal mental status,
2) moderate to severe HF, 3) bacterial etiology
other than Viridans streptococci, and 4) medical
therapy without valve surgery. Except in injectable drug users, the risk of reinfection after
prosthetic valve surgery is low relative to the risk
associated with not having surgery in patients
with hemodynamic and microbial indications for
surgery. Prosthetic valve endocarditis is clearly
associated with both higher mortality rates
(especially with HF, severe valvular dysfunction,
or a staphylococcal or fungal infectious microbe)

e92

TBD TBD, 2021

and higher post-treatment HF-related disability.
Surgical series report surgical rates of 50% in
patients with prosthetic valve endocarditis, and
these patients show improved outcomes over
medical therapy, even with controlling for severity of illness at time of diagnosis.8,9,15–19
3. Compared with patients with IE attributable
to other organisms, patients with left-sided S.
aureus IE were significantly more likely to die
(20% versus 12%), experience an embolic event
(60% versus 31%), have a central nervous system event (20% versus 13%), and not undergo
surgery (26% versus 39%). Staphylococcal prosthetic valve endocarditis has been associated
with a mortality rate as high as 70%, which is
driven by resistant staphylococcal species. When
Staphylococcus is the bacteria, death occurs in
<5% of patients with right-sided native valve
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mortality are high, particularly if there is valve
dysfunction. A proportional hazards regression
analysis showed a survival benefit at 1 year for
device removal during the initial hospitalization;
28 of 141 patients (19.9%) who underwent
device removal during the index hospitalization
had died at 1 year, versus 13 of 34 (38.2%) who
did not undergo device removal (HR: 0.42; 95%
CI: 0.22–0.82).49,54,55,72
7. Relapsing infections may be caused by incomplete sterilization of valvular or paravalvular tissue secondary to a deep tissue infection. Even in
the absence of other indications for intervention,
such as severe valve dysfunction or a resistant
organism, if there is no other source for persistent bacteremia, heart valve infection must be
presumed to be the source. If the source of infection is uncertain, additional imaging with PET/CT
may be helpful in decision-making.7
8. The incidence of drug use–associated IE continues
to rise, with a known risk of IE that is 100-fold
higher than that of the general population. In
a National Institutes of Health–sponsored statewide health survey in the state of North Carolina,
42% of all IE valve surgeries performed between
2007 and 2017 were undertaken in patients with
injection drug use–related IE. The care of these
patients is associated with longer hospital stays,
higher readmission rates, higher rates of recurrent
IE, and higher costs of care. With evolving science in addiction medicine, there is evidence that
referral to addiction therapy can reduce mortality
and morbidity rates in these patients. In patients
admitted with drug use–associated endocarditis,
addiction specialists are an integral part of the
MDT.56–60
9. Embolic events are associated with increased
morbidity and mortality in IE and occur in 20%
to 40% of patients with IE. The risk of embolism is highest during the first days after initiation of antibiotic treatment and decreases after
2 weeks. Embolic incidence decreases to 9%
to 21% after initiation of antibiotic treatment.
Factors associated with a new embolic event are
vegetation size >10 mm and marked vegetation
mobility (especially when associated with the
anterior leaflet of the mitral valve). Early surgery is associated with a reduction in the rate of
embolic complications in patients who present
with left-sided IE, severe VHD, and large vegetations (>10 mm).53,61,64–66
10.	 W ith native valve endocarditis, large vegetation
size is associated with a markedly higher rate
of embolic phenomena. In an RCT of surgical
intervention in patients with severe left-sided
valve dysfunction and vegetations >10 mm in
TBD TBD, 2021
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endocarditis, which is an important distinction
in injectable drug users. Certain pathogens,
such as Pseudomonas aeruginosa, Brucella,
fungi, enterococci, and gram-positive cocci are
extremely difficult to cure with medical therapy
alone and are also prone to abscess or fistula formation and other cardiac tissue destruction. The
mortality rate is also significantly lower in patients
treated with antifungal agents combined with
surgery than in those treated with antifungal
agents alone (42% versus 59%).9,15,20,22,28–35
4. Abscess in native valve endocarditis is a lifethreatening complication that cannot be cured
with antibiotic therapy alone. Extensive paravalvular infections (including annular or aortic
abscesses and destructive penetrating lesions or
fistulae) are associated with a mortality rate of
≥40% and heart block. The long-term results of
surgery are very satisfactory, with an actuarial
survival rate of 75%±6% at 5 years. Freedom
from recurrent IE has been reported to be 76%
at 8 years. Surgical series have shown that the
surgical results are related more to a surgeon’s
ability to remove all infected tissues and reconstruct functional anatomy than to the type of
valve used for a replacement. Patients with
prosthetic valve endocarditis complicated by
paravalvular invasion, as manifested by intracardiac abscesses, fistulae, or heart block, experience high mortality rates and are rarely cured
by medical treatment alone. By contrast, surgical series have reported surgical survival rates of
71% in this high-risk group.9,41–44
5. Blood culture samples will typically become negative after 48 hours of appropriate antimicrobial
therapy, except for with methicillin-resistant S.
aureus and other resistant organisms, for which
it may take up to a week for cultures to become
negative. Some caution is advised in patients who
develop recurrent fever after an initially successful
response to antibiotics because the fever could be
explained by reasons other than the endocarditic
valve. Ongoing infection despite antibiotic therapy is common with aggressive microorganisms,
resulting in abscess formation, valve destruction,
fistulas, or large vegetations.7,9,15,46,48
6. Optimal therapy for cardiac device IE combines
complete device extraction and a prolonged
course of parenteral antibiotics with complete
device and lead removal, even if evidence for
infection appears to be limited to the generator
pocket site. A prospective cohort study using data
from the ICE-PCS (International Collaboration on
Endocarditis–Prospective Cohort Study) showed
that among patients with cardiac device IE, the
rates of both concomitant valve infection and
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length (even in the absence of clinically apparent embolic events or HF), there was no significant difference in all-cause mortality rate at 6
months in the early surgery versus the conventional treatment groups (3% and 5%, respectively; P=0.59); however, there was a marked
reduction in the number of embolic events: 0%
in the early surgery group compared with 21%
in the conventional treatment group (P=0.005).
Additionally, 77% of the conventional treatment group required surgery during the initial
hospitalization or during the follow-up phase
secondary to HF, paravalvular extension, and
heart block.20,61
11.	 
Stroke is an independent risk factor for
postoperative death in patients with IE.
Recommendations about the timing of operative intervention after a stroke in the setting of
IE are hindered by the lack of RCTs and reliance
on single-center experiences. In early observational data, there was a significantly decreased
risk of in-hospital death when surgery was performed >4 weeks after the stroke.73 These data
were not risk adjusted. In an observational study
that did adjust for factors such as age, paravalvular abscess, and HF, the risk of in-hospital
death was not significantly higher in the group
who underwent surgery within a median time
from admission to operation of 5 days, with
only a 1% risk of perioperative hemorrhagic
conversion.68–70,74
12.	 Patients with hemorrhagic stroke and IE have a
prohibitively high surgical risk for at least 4 weeks
after the hemorrhagic event. One multicenter
observational study71 showed wide variation in
patient deaths when those who underwent surgery within 4 weeks of a hemorrhagic stroke
were compared with those whose surgery was
delayed until after 4 weeks (75% versus 40%,
respectively). The percentage of new postoperative bleeds was 50% in patients whose surgery was performed in the first 2 weeks, 33%
in patients whose surgery was performed in the
third week, and 20% in patients whose surgery
was performed at least 21 days after the neurological event.68

13. PREGNANCY AND VHD
The physiological hemodynamic changes associated
with pregnancy are usually well tolerated in women
with structurally normal hearts. However, for women
with VHD, the hemodynamic burden may pose significant challenges during pregnancy and delivery.
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13.1. Initial Management of Women With
VHD Before and During Pregnancy
Recommendations for Initial Management of Women With VHD
Before and During Pregnancy
Referenced studies that support the recommendations are
summarized in Online Data Supplement 43.
COR

LOE

Recommendations

1

B-NR

1. Women with suspected valve disease who
are considering pregnancy should undergo a
clinical evaluation and TTE before pregnancy.1–5

B-NR

2. Women with severe valve disease (Stages
C and D) who are considering pregnancy
should undergo pre-pregnancy counseling
by a cardiologist with expertise in managing
women with VHD during pregnancy.1–5

B-NR

3. Pregnant women with severe valve disease
(Stages C and D) should be monitored in a
tertiary-care center with a dedicated Heart Valve
Team of cardiologists, surgeons, anesthesiologists,
and maternal-fetal medicine obstetricians with
expertise in the management of high-risk cardiac
conditions during pregnancy.1–12

B-NR

4. In asymptomatic women with severe valve
disease (Stage C1) who are considering
pregnancy, exercise testing is reasonable
before pregnancy for risk assessment.3–5,11,13–15

1

1

2a

Synopsis
To assure the best possible outcome for a woman with
VHD and her baby, a comprehensive evaluation is best
performed before the time of conception. During pregnancy, the frequency and intensity of follow-up and
treatment are heavily dependent on the type and severity of valve lesion, as well as patient symptoms.

Recommendation-Specific Supportive Text
1. The risks to the mother and fetus during pregnancy are highly dependent on the type and severity of valve disease. Clinical evaluation of women
with VHD who are contemplating pregnancy
includes a complete TTE with full anatomic and
hemodynamic assessment of the valves.1–5 A congenital bicuspid or unicuspid aortic valve is often
associated with dilation of the aortic sinuses, the
ascending aorta, or both. Evaluation of women
with a congenitally abnormal aortic valve includes
assessment of the aorta before pregnancy
because of the risk of further aortic enlargement
and aortic dissection during pregnancy.1–5
2. Pre-pregnancy counseling with a cardiologist experienced with managing women with valve disease
during pregnancy allows discussion of the risks of
pregnancy for the mother and fetus. A complete
assessment of functional capacity, severity of valve
lesions, status of the LV and RV, and pulmonary
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13.1.1. Medical Therapy for Women With VHD
Before and During Pregnancy
Recommendations for Medical Therapy of Pregnant Women With
VHD
Referenced studies that support the recommendations are
summarized in Online Data Supplement 43.
COR

LOE

Recommendations

2a

C-LD

1. In pregnant women with VHD, beta-blocker
medications are reasonable as required
for heart rate control or treatment of
arrhythmias.1–6

2a

C-LD

2. In pregnant women with VHD and HF
symptoms (Stage D), diuretic medications are
reasonable if needed for volume overload.7,8

B-NR

3. In pregnant women with VHD, ACE inhibitors
and ARBs should not be given because of fetal
risk.6,9–11

3: Harm

medical therapy may be necessary to preserve the mother’s health, there may be negative consequences for the
fetus. Therefore, the fetal effects of cardiac medications
must be understood so that the appropriate risks and
benefits can be weighed.1–6 Data from ROPAC (Registry
On Pregnancy And Cardiac Disease), a large multicenter
registry supported by the European Society of Cardiology, showed an association between the use of cardiac
medications during pregnancy and adverse fetal outcome. This association was attributable, in part, to the
associated maternal cardiac diseases that required the
medications.6 Anticoagulation for pregnant women with
AF should conform to the guidelines in nonpregnant
patients.12,13 Recommendations for anticoagulation regimens during pregnancy are discussed in section 13.2.2.

Recommendation-Specific Supportive Text
1. Beta-blocker medications are used to control heart
rate or to treat arrhythmias. However, maternal
use of beta blockers has been associated with a
newborn birth weight approximately 100 g lower
than that of newborns whose mothers did not
take beta blockers.6 The use of beta blockers with
beta-1 selectivity avoids the beta-2 effects on
uterine relaxation. The incidence of fetal growth
retardation is lower with metoprolol treatment
than with atenolol treatment in pregnancy.1–6
2. Diuretic medications can alleviate the effects of volume overload in pregnant women with VHD and HF
symptoms (Stage D). However, reduction of volume
overload must be balanced against the reduction in
placental blood flow associated with diuretic medications.7,8 Additionally, data from ROPAC suggested
that maternal diuretic use was associated with rates
of low birth weight and fetal mortality that were
higher than for women not taking any medications.
In part, this association was attributable to the
severity of the underlying HF requiring treatment.7,8
3. ACE inhibitors and ARBs are strongly associated
with fetal malformations when used by women
during pregnancy.9–11
13.1.2. Intervention for Women With Native VHD
Before and During Pregnancy
13.1.2.1. Pre-Pregnancy Intervention
Recommendations for Pre-Pregnancy Intervention in Women With
VHD
Referenced studies that support the recommendations are
summarized in Online Data Supplement 43.
COR

LOE

Recommendations

B-NR

1. In symptomatic women with severe VHD who
are considering pregnancy, intervention before
pregnancy is recommended on the basis of
standard indications.1–11

Synopsis
Women with severe VHD are at risk of HF, arrhythmia,
and other cardiac disorders during pregnancy. Although
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pressures is necessary to determine the risk of
pregnancy and delivery. Medications are reviewed
to avoid agents that may have potential harmful
effects on the fetus. Pre-pregnancy evaluation
also allows discussion of options for interventions
before pregnancy, such as valve replacement, valve
repair, or percutaneous aortic or mitral balloon
dilation, particularly in those patients with severe
rheumatic MS or AS.1–5
3. Women with severe valve disease who become
pregnant are at an elevated risk of cardiac morbidity and mortality. Babies born to such mothers are
also at risk of serious complications. Identification
and management of complications are improved
by monitoring in a tertiary-care center with an
experienced team of healthcare providers who
have expertise in managing high-risk cardiac conditions during pregnancy.1–12
4. Patients with severe valve disease may be asymptomatic, which can pose a diagnostic and therapeutic dilemma in women with these disorders
who are considering pregnancy. Exercise testing
is reasonable to assist with risk assessment in
patients in whom it is unclear whether pregnancy
can be tolerated without an intervention to repair
or replace the valve before pregnancy.3–5,11,13–15
Symptoms provoked by exercise testing are synonymous with spontaneous symptoms. Patients
who develop symptoms on exercise testing
should be treated as having symptomatic valve
disease (Stage D), and should undergo pre-pregnancy counseling by a cardiologist with expertise
in managing women with VHD during pregnancy
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Recommendations for Pre-Pregnancy Intervention in Women With
VHD (Continued)
COR

1

2a

2a

2a

2b
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2b

LOE

Recommendations

C-EO

2. In women who require a valve intervention
before pregnancy, the choice of prosthetic
valve should be based on a shared decisionmaking process that accounts for the patient’s
values and preferences, including discussion
of the risks of mechanical valves during
pregnancy and the reduced durability of
bioprosthetic valves in young women.

C-LD

3. In asymptomatic women with severe
rheumatic MS (mitral valve area ≤1.5 cm2,
Stage C1) who are considering pregnancy,
PMBC at a Comprehensive Valve Center is
reasonable before pregnancy for those who
have favorable valve morphology.1–5,12,13

B-NR

4. In women of childbearing age who require
valve replacement, bioprosthetic valves are
preferred over mechanical valves because
of the increased maternal and fetal risks of
mechanical heart valves in pregnancy.14

C-EO

5. In asymptomatic women with severe AS (aortic
velocity ≥4.0 m/s or mean pressure gradient ≥40
mm Hg, Stage C) who are considering pregnancy,
valve intervention before pregnancy is reasonable.

C-EO

6. In asymptomatic women with severe AS (aortic
velocity ≥4.0 m/s or mean pressure gradient
≥40 mm Hg, Stage C1) who are considering
pregnancy, do not meet COR 1 criteria for
intervention, and have a preconception
evaluation confirming the absence of
symptoms (including normal exercise stress
testing and serum BNP measurements),
medical management during pregnancy
may be considered to avoid prosthetic valve
replacement.

C-EO

7. In asymptomatic women with severe MR
(Stage C1) and a valve suitable for repair who
are considering pregnancy, valve repair before
pregnancy at a Comprehensive Valve Center
may be considered but only after detailed
discussion with the patient about the risks and
benefits of the surgery and its effect on future
pregnancies.

Synopsis
In women with severe VHD who are considering pregnancy, the indications for considering intervention include the presence of symptoms, asymptomatic severe
AS, asymptomatic severe MR with a repairable valve, and
asymptomatic severe rheumatic MS with a valve morphology suitable for PMBC. If a prosthetic valve is needed, the
shared decision-making process about the choice of type
of prosthetic valve should include discussion of the risks
of valve thrombosis and adverse effects from anticoagulation with mechanical valves versus the reduced durability
of bioprosthetic valves in young women (Figure 17).

Recommendation-Specific Supportive Text
1. Standard indications for intervention in symptomatic patients with severe valve disease also apply
to women who are considering pregnancy.1–11
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2. Women of childbearing age who require valve
intervention have important choices to make
about the risks and benefits of the types of prosthetic valves. The risks to the mother and fetus
of valve thrombosis and anticoagulation during pregnancy with a mechanical valve must be
weighed against the reduced durability of bioprosthetic valves in young women. For women
considering a mechanical prosthesis, it has been
proposed that they undergo a preoperative trial of
anticoagulation with warfarin to assess the dose
needed to achieve a target INR. In 1 small study,
women who required <5 mg daily of warfarin
and then underwent subsequent mechanical AVR
did not experience maternal or fetal complications during pregnancy.15 Larger trials are needed,
however, before this becomes standard practice.
Shared decision-making with a cardiologist with
expertise in the management of severe valve disease during pregnancy allows discussion of these
issues in women of childbearing age before valve
surgery, even when pregnancy is not planned in
the near future.1,14,16
3. Severe rheumatic MS presents a significant risk of
maternal adverse outcome during pregnancy. In
asymptomatic women with severe rheumatic MS
(mitral valve area ≤1.5 cm2, Stage C) and favorable valve morphology who are considering pregnancy, PMBC results in an increase in mitral valve
area and reduction in transmitral gradient, which
makes the patient more resilient to the hemodynamic load of pregnancy.1–5,12,13
4. Pregnant women with a bioprosthetic valve,
compared with women with a mechanical valve
who are on anticoagulation, have a lower risk of
valve thrombosis, excessive bleeding, and fetal
and maternal death.14 The Ross procedure is an
alternative if performed in women with favorable anatomy and at centers with expertise in the
procedure.
5. Most patients with mild to moderate AS can tolerate the hemodynamic changes of pregnancy
without cardiovascular events. Patients with
severe AS are at an increased risk of complications, with HF developing in 10% to 44% of
patients and arrhythmias in up to 25%, even
if they were asymptomatic before pregnancy.
Progressive as well as sudden deterioration may
occur during pregnancy and delivery in patients
with severe AS. Fetal complications are frequent
also. Options for relief of valvular AS in young
women include percutaneous aortic balloon
dilation in patients with noncalcified congenital AS, the Ross procedure, or a surgical bioprosthetic or mechanical valve. TAVI has not
been studied in young women, and few data
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 17. Preconception management of women with native valve disease.
Colors correspond to Table 2. TTE indicates transthoracic echocardiography; and VHD, valvular heart disease.

exist on outcomes with this valve type during
pregnancy.1,3,6–10
6. Some women with severe asymptomatic AS,
normal LV systolic function, and normal biomarkers may choose to undergo pregnancy
without valve intervention. The risks of deterioration during pregnancy must be balanced
against the risk of mechanical valve complications during pregnancy or the long-term risks
of a bioprosthetic valve in a young patient. In
experienced centers, these women can often
be treated with activity restriction, volume
management, and optimization of loading
conditions.1,3,6–10
7. The threshold for valve operation for valve
regurgitation is higher in the asymptomatic
patient who might ever become pregnant than
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

in patients who will not become pregnant
because there always is the possibility that valve
repair will not be successful and a prosthetic
valve will be needed. Most patients with asymptomatic severe MR tolerate the hemodynamic
changes of pregnancy, and there is no evidence
for acceleration of LV dysfunction during pregnancy. High-risk features for development of HF
during pregnancy in women with MR include
depressed LV systolic function and pulmonary
hypertension (pulmonary artery systolic pressure
>50 mm Hg). In high-risk asymptomatic women
with severe MR, referral to a Comprehensive
Valve Center allows consideration of mitral
valve morphology, the likelihood of a successful
valve repair, and estimated surgical risk in the
decision-making process.1,11,16
TBD TBD, 2021
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13.1.2.2. During-Pregnancy Intervention
Recommendations for Intervention During Pregnancy in Women
With VHD
Referenced studies that support the recommendations are
summarized in Online Data Supplement 43.
COR

LOE

Recommendations

B-NR

1. In pregnant women with severe AS (mean
pressure gradient ≥40 mm Hg, Stage D), valve
intervention during pregnancy is reasonable if
there is hemodynamic deterioration or if there
are NYHA class III or IV HF symptoms.1–7

2a

B-NR

2. In pregnant women with severe rheumatic MS
(mitral valve area ≤1.5 cm2, Stage D) and with
valve morphology favorable for PMBC who
remain symptomatic with NYHA class III or IV
HF symptoms despite medical therapy, PMBC is
reasonable during pregnancy if it is performed
at a Comprehensive Valve Center.8–12

2a

C-LD

3. In pregnant women with severe valve
regurgitation and with NYHA class IV HF
symptoms (Stage D) refractory to medical therapy,
valve surgery is reasonable during pregnancy.13–16

C-LD

4. In pregnant women with VHD, valve surgeries
should not be performed in the absence of
severe HF symptoms refractory to medical
therapy.13–16

2a

3: Harm

Synopsis
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In pregnant women with severe VHD who develop severe, intractable symptoms despite maximal medical
therapy, surgical or percutaneous intervention may become necessary.

intervention will also be dependent on an acceptable valve morphology. The intervention should
always be performed in a center with a multidisciplinary group of cardiologists, interventionalists, cardiac anesthesiologists, and obstetricians specializing
in high-risk obstetrics.1–7,9–12,20
3. Regurgitant valve lesions are generally better tolerated during pregnancy than are stenotic ones. Valve
surgery is reasonable only in the rare pregnant woman
with severe valve regurgitation with NYHA class IV HF
symptoms refractory to medical therapy.13–16
4. Valve surgery during pregnancy is high risk, with
a 30% to 40% fetal mortality rate and up to 9%
maternal mortality rate reported. It should be
reserved only for patients with severe, intractable
symptoms unresponsive to bed rest and maximally tolerated medical therapy.13–16

13.2. Prosthetic Valves in Pregnant
Women
13.2.1. Initial Management
Recommendations for Initial Management of Prosthetic Heart
Valves in Pregnant Women
Referenced studies that support the recommendations are
summarized in Online Data Supplement 44.
COR

1

LOE

Recommendations

C-EO

1. Women with a prosthetic valve should
undergo pre-pregnancy assessment, including
echocardiography, by a cardiologist with
expertise in managing women with VHD
during pregnancy.

C-EO

2. Pregnant women with a mechanical prosthesis
should be monitored in a tertiary-care center
with a dedicated MDT of cardiologists,
surgeons, anesthesiologists, and maternal-fetal
medicine obstetricians with expertise in the
management of high-risk cardiac conditions
during pregnancy.1–3

B-NR

3. Women with mechanical heart valves
considering pregnancy should be counselled
that pregnancy is high risk and that there is
no anticoagulation strategy that is consistently
safe for the mother and baby.3–6

B-NR

4. Pregnant women with a mechanical prosthetic
valve who have prosthetic valve obstruction or
experience an embolic event should undergo
a TEE.7–9

Recommendation-Specific Supportive Text
1. Patients with severe AS may develop progressive
HF or sudden hemodynamic deterioration during
the stress of pregnancy. Both open heart surgery
and percutaneous balloon dilation of the aortic
valve are high-risk procedures during pregnancy
for both the mother and the fetus and should be
performed only if there is hemodynamic deterioration or if there are severe NYHA class III or IV
HF symptoms. The type of intervention will be
dependent on the valve morphology and on the
expertise of the center. The intervention should
always be performed in a center with a multidisciplinary group of cardiologists, interventionalists,
cardiac anesthesiologists, and obstetricians specializing in high-risk obstetrics.1–7,9–12
2. Patients with severe rheumatic MS may develop
progressive HF or sudden hemodynamic deterioration during the hemodynamic stress of pregnancy.
Percutaneous balloon dilation of the mitral valve is a
high-risk procedure during pregnancy for both the
mother and the fetus and should be performed only
if there is hemodynamic deterioration or if there are
severe NYHA class III or IV HF symptoms.17–19 The
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1

1

1

Synopsis
Pregnancy in women with mechanical heart valves is very
high risk and has been classified by the World Health Organization as Risk Category III (significantly increased risk
of maternal mortality or severe morbidity). Contemporary
studies and prospective registries of pregnancy in women
with mechanical heart valves confirm that maternal risk remains high: Maternal mortality rate is approximately 1%,
and the risk of valve thrombosis is approximately 5%.2,5,9
Given the substantial risk of adverse maternal and fetal
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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1. A preconception TTE is used to assess valve function, ventricular function, and pulmonary artery
systolic pressure. Preconception TTE can help
identify women with valve dysfunction who may
benefit from valve intervention before conception. Results can facilitate patient counseling
about specific risks of pregnancy.
2. The management of prosthetic heart valves during
pregnancy is substantially different from the management of prosthetic heart valves in a nonpregnant
patient. There is a much higher risk of mechanical
valve thrombosis during pregnancy because of
the hypercoagulable state. Choosing the appropriate anticoagulation strategy to balance risks to
the mother and fetus requires a team familiar with
management of prosthetic heart valves in pregnancy to provide comprehensive counseling. The
management of anticoagulation also requires specialized expertise, and frequent titration of VKA or
heparin doses is needed.2,10 Transvalvular gradients
increase during pregnancy because of increased
heart rate, plasma volume, and stroke volume.1 In
the event that valve intervention is required during
pregnancy, the comprehensive Heart Valve Team
and maternal-fetal medicine team is required to
optimize maternal and fetal outcomes.
3. Each anticoagulation strategy has relative advantages and disadvantages in terms of maternal and
fetal safety, but there is no anticoagulation strategy that is consistently safe for the mother and
fetus. The maternal mortality rate is >1%, and serious maternal and fetal complications are common,
even with modern mechanical heart valves and
careful management.4–6 After counseling, some
women with mechanical heart valves may choose
not to become pregnant, whereas others may wish
to proceed with pregnancy, so comprehensive and
candid counseling about the risks of pregnancy
with a mechanical heart valve is important.
4. Pregnancy is a time of increased risk of mechanical valve thrombosis, so there should be high
suspicion of valve thrombosis in women with an
embolic event, clinical deterioration, symptoms of
HF, or a pronounced increase in valve gradients or
valve regurgitation during pregnancy. TEE is useful to visualize leaflet motion and thrombus burden. Fluoroscopy and gated cardiac CT are also
useful in evaluating patients with suspected valve
thrombosis.7,11,12
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13.2.2. Anticoagulation for Pregnant Women
With Mechanical Prosthetic Heart Valves
Recommendations for Anticoagulation for Pregnant Women With
Mechanical Prosthetic Heart Valves
Referenced studies that support the recommendations are
summarized in Online Data Supplement 44.
COR

LOE

1

B-NR

1. Pregnant women with mechanical prostheses
should receive therapeutic anticoagulation
with frequent monitoring during pregnancy.1–10

B-NR

2. Women with mechanical heart valves who
cannot maintain therapeutic anticoagulation
with frequent monitoring should be
counseled against pregnancy.7,8,10–15

B-NR

3. Women with mechanical heart valves and
their providers should use shared decisionmaking to choose an anticoagulation strategy
for pregnancy. Women should be informed
that VKA during pregnancy is associated
with the lowest likelihood of maternal
complications but the highest likelihood
of miscarriage, fetal death, and congenital
abnormalities, particularly if taken during
the first trimester and if the warfarin dose
exceeds 5 mg/d.3–6,11,14,16

1

C-LD

4. Pregnant women with mechanical valve
prostheses who are on warfarin should
switch to twice-daily LMWH (with a target
anti-Xa level of 0.8 U/mL to 1.2 U/mL at 4
to 6 hours after dose) or intravenous UFH
(with an activated partial thromboplastin time
[aPTT] 2 times control) at least 1 week before
planned delivery.5,8,13,17–20

1

C-LD

5. Pregnant women with mechanical valve
prostheses who are on LMWH should switch
to UFH (with an aPTT 2 times control) at least
36 hours before planned delivery.19–21

1

C-LD

6. Pregnant women with valve prostheses
should stop UFH at least 6 hours before
planned vaginal delivery.19–21

1

C-LD

7. If labor begins or urgent delivery is required in
a woman therapeutically anticoagulated with
a VKA, cesarean section should be performed
after reversal of anticoagulation.3,22,23

B-NR

8. For pregnant women with mechanical
prostheses who require a dose of warfarin
≤5 mg/d to maintain a therapeutic INR,
continuation of warfarin for all 3 trimesters
is reasonable after full discussion with the
patient about risks and benefits.3,6,16,18,22,24,25

B-NR

9. For pregnant women with mechanical
prostheses who require >5 mg/d of warfarin
to achieve a therapeutic INR, dose-adjusted
LMWH (with a target anti-Xa level of 0.8 to
1.2 U/mL at 4 to 6 hours after dose) at least
2 times per day during the first trimester,
followed by warfarin during the second and
third trimesters, is reasonable.3,6,15,16,25

B-NR

10. For pregnant women with mechanical
prostheses who require a dose of warfarin >5
mg/d to achieve a therapeutic INR, and for
whom dose-adjusted LMWH is unavailable,
dose-adjusted continuous intravenous UFH
during the first trimester (with aPTT 2 times
control), followed by warfarin for the second
and third trimesters, is reasonable.3,6,11,16

1

1

2a

2a

2a
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Recommendations for Anticoagulation for Pregnant Women With
Mechanical Prosthetic Heart Valves (Continued)
COR

LOE

Recommendations

B-NR

11. For hemodynamically stable pregnant women
with obstructive left-sided mechanical valve
thrombosis, it is reasonable to manage with
slow-infusion, low-dose fibrinolytic therapy.26

B-NR

12. For pregnant women with mechanical
prostheses who require a warfarin dose >5
mg/d to achieve a therapeutic INR, doseadjusted LMWH (with a target anti-Xa level of
0.8 to 1.2 U/mL at 4 to 6 hours after dose) at
least 2 times per day for all 3 trimesters may
be considered.3,6,14–16,27

B-NR

13. For pregnant women with mechanical
prostheses who require a dose of warfarin
≤5 mg/d to maintain a therapeutic INR,
dose-adjusted LMWH at least 2 times per
day during the first trimester, followed by
warfarin for the second and third trimesters,
may be considered.1–3,6,12,16,22

B-NR

14. For pregnant women with mechanical
prostheses, aspirin 75 to 100 mg daily may
be considered, in addition to anticoagulation,
if needed for other indications.28

3: Harm

B-NR

15. For pregnant women with mechanical
prostheses, LMWH should not be
administered unless anti-Xa levels are
monitored 4 to 6 hours after administration
and dose is adjusted according to
levels.8–10,15,27

3: Harm

B-R

16. For patients with mechanical valve
prostheses, anticoagulation with the direct
thrombin inhibitor, dabigatran, should not be
administered.29

C-EO

17. The use of anti-Xa direct oral anticoagulants
with mechanical heart valves in pregnancy
has not been assessed and is not
recommended.30–32

2a

2b

2b

2b

Downloaded from http://ahajournals.org by on December 17, 2020

3: Harm

Synopsis
Pregnant women with mechanical heart valves are at
increased risk of serious maternal complications, including valve thrombosis, thromboembolism, hemorrhage, and death. The risk of poor fetal outcomes is
also high, with increased rates of spontaneous abortion, fetal death, fetal hemorrhage, and teratogenicity related to VKAs. For women with mechanical heart
valves, the maternal mortality rate remains >1%. More
than one-third of women with mechanical heart valves
have a serious maternal or fetal complication during
pregnancy.1–4,9,24,33,34
All women with mechanical heart valves require
uninterrupted therapeutic anticoagulation throughout
pregnancy. The choice of anticoagulation strategy is
challenging because there are inherent trade-offs between maternal safety and fetal safety. Warfarin is the
most effective anticoagulant at preventing thrombotic
complications, but warfarin crosses the placenta and
can cause miscarriage, spontaneous abortion, warfarin embryopathy, or fetal intracranial hemorrhage.
e100
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Although LMWH is not teratogenic, women with mechanical heart valves on LMWH are at increased risk
of thrombotic events, particularly when LMWH is improperly dosed, monitored, or administered. There is
no single optimal anticoagulation strategy that suits all
women. 
There are 3 potential strategies: 1) Continue warfarin throughout pregnancy; 2) use heparin throughout
pregnancy; and 3) use sequential therapy, with heparin
during the first trimester and warfarin during the second and third trimesters (Figure 18).

Recommendation-Specific Supportive Text
1. The risk of catastrophic valve failure or stroke is
prohibitively high for women with mechanical
heart valves who cannot take dose-adjusted and
frequently monitored anticoagulation throughout
pregnancy.1–10
2. Much of the maternal morbidity and mortality
during pregnancy occurs in women who are not
receiving appropriate doses of anticoagulation
because of improper administration, improper
monitoring, or medication nonadherence.
Women who are not able to receive therapeutic
anticoagulation or do not have access to frequent
monitoring and dose adjustment are at prohibitive risk for pregnancy.13–15
3. No anticoagulation strategy is optimally safe for
both the mother and the fetus. Warfarin is safest for the mother but crosses the placenta and
can cause fetal intracranial hemorrhage; fetal
loss; and teratogenicity, particularly at doses >5
mg/d and when given during the first trimester,
keeping in mind that the warfarin dose needed
to maintain a therapeutic INR may change during
pregnancy. Neither UFH nor LMWH crosses the
placenta, but each is associated with higher rates
of maternal complications than are seen with warfarin.3,4,6,16,18,20,23,25,35,36 Depending on a woman’s
values and priorities, she may choose an anticoagulation strategy that minimizes maternal risk,
minimizes fetal risk, or attempts to achieve a balance between maternal and fetal risk. Physicians
should not assume a woman’s values or preferences, nor should physicians supplant their own
preferences for those of the patient. Counseling
and shared decision-making allows for a woman
and her physician to choose the best anticoagulation to achieve the woman’s goals.
4. Warfarin crosses the placental barrier and results
in anticoagulation of the fetus, as well as the
mother. There is a higher risk of fetal intracranial hemorrhage if the mother is fully anticoagulated with warfarin during vaginal delivery.
Women taking warfarin can minimize the risk
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 18. Anticoagulation for prosthetic mechanical heart valves in women during pregnancy.
Colors correspond to Table 2.*Dose-adjusted LMWH should be given at least 2 times per day, with close monitoring of anti-Xa levels. Target to Xa level of 0.8 to
1.2 U/mL, 4 to 6 hours after dose. Trough levels may aid in maintaining patient in therapeutic range. Continuous UFH should be adjusted to aPTT 2 times control.
aPTT indicates activated partial thromboplastin time; IV, intravenous; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin; and VKA, vitamin K
antagonist.

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

TBD TBD, 2021

e101

CLINICAL STATEMENTS
AND GUIDELINES

Otto et al

5.

6.

7.

8.
Downloaded from http://ahajournals.org by on December 17, 2020

9.

10.

e102

by switching to a heparin preparation before
planned delivery.5,8,13,17–20
Although LMWH does not result in an anticoagulated fetus, the risk of maternal hemorrhage
is high if delivery occurs while the mother is on
LMWH. Therefore, it is recommended that the
mother be hospitalized before planned delivery,
with discontinuation of long-acting anticoagulation and initiation of intravenous continuous
infusion of UFH to keep aPTT >2 times control
levels.19,20
Intravenous heparin should be stopped long
enough before delivery to reduce risk of maternal bleeding and allow safe placement of epidural
anesthesia (typically at least 6 hours). Exact timing should be coordinated with the obstetrics and
anesthesia teams.19,20
Because warfarin results in an anticoagulated
fetus, there is a high risk of fetal intracranial
hemorrhage if vaginal delivery is attempted in
a woman who is anticoagulated with warfarin.
If a woman goes into labor while on warfarin,
appropriate reversal of anticoagulation followed
by cesarean section reduces the risk of fetal intracranial hemorrhage.3,22,23
The teratogenic effects of warfarin are dose
dependent. The rate of warfarin embryopathy
is reduced (<3%) but not eliminated if the daily
dose of warfarin is ≤5 mg/d.3,6.16,18,23,25,36,37 In most
women, the effective dose of warfarin typically
does not vary significantly during pregnancy.38 For
women who require a dose ≤5 mg/d, continuation of low-dose warfarin throughout pregnancy
poses the lowest combined risk to mother and
fetus.3,6,16 The number of reported pregnancies
on low-dose warfarin is relatively small, and not
all publications have found improved fetal outcomes on low-dose warfarin,11 so caution should
be exercised until more data are available.
If warfarin is taken in doses >5 mg/d during the
first trimester of pregnancy, there is a >30% risk of
fetal loss or embryopathy. For women who require
>5 mg/d to maintain a therapeutic INR, replacing warfarin with dose-adjusted LWMH during
the first trimester reduces fetal loss.3,6,10,15,16,23,39,40
While the patient is taking LMWH, anti-Xa levels
should be monitored at least weekly and the dose
adjusted accordingly. Fixed dosing is never appropriate, because it is associated with high maternal
morbidity and mortality.41 After the first trimester,
the fetal toxicity of warfarin is substantially lower,
so switching back to warfarin for the second and
third trimesters results in a reasonable balance
between maternal safety and fetal safety.
In regions where LMWH is unavailable or cost-prohibitive, or if anti-Xa levels cannot be monitored,
TBD TBD, 2021
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continuous infusion of UFH can be used as an
alternative to LMWH during the first trimester for
women who require a warfarin dose of >5 mg/d.37
If UFH is used during the first trimester, the dose
should be adjusted to maintain an aPTT 2 times
control. There are several disadvantages to UFH
compared with LMWH: Women are at greater
risk for line infections, osteoporosis, and heparin-induced thrombocytopenia, so UFH should
be reserved for situations where dose-adjusted
LMWH is not feasible.10 Intermittent subcutaneous injection of UFH is not an acceptable alternative because it is associated with prohibitive rates
of valve thrombosis.42 UFH is associated with very
high rates of valve thrombosis, stroke, and death
in pregnant women with mechanical heart valves
during the second and third trimesters.3,4,43
11. In carefully selected women with thrombosis of
a mechanical heart valve during pregnancy, lowdose, slow-infusion, tissue-type plasminogen activator (tPA) can be an alternative to surgical valve
replacement. Women who are optimal candidates
are hemodynamically stable and have obstructive
prosthetic valve thrombosis, valve thrombosis with
embolic complications, or nonobstructive valve
thrombosis with a thrombus >10 mm.44 Given the
high rates of fetal loss with cardiac surgery during
pregnancy, thrombolysis is an attractive alternative for appropriately selected, hemodynamically
stable women with mechanical valve thrombosis.
12. Although the teratogenicity of warfarin is highest during the first trimester, there is still a risk
of pregnancy loss or fetal hemorrhage when
warfarin is taken during the second and third
trimesters. Therefore, after appropriate counseling, some women may choose to avoid warfarin
entirely throughout pregnancy. For these women,
dose-adjusted LMWH throughout pregnancy is
the safest alterative. LMWH throughout pregnancy is associated with a higher rate of thrombotic complications than warfarin. However,
many of the thrombotic events occur when
LMWH is administered improperly or monitored
erratically or if patients are nonadherent.8,14,15,39
When administered and monitored meticulously,
LMWH can be safe.12 Effective dose monitoring
includes weekly measurements of anti–factor
Xa levels, with additional monitoring after dose
adjustment.13 Measurement of trough levels to
maintain a trough Xa level >0.6 IU/mL may help
women maintain therapeutic anticoagulation
while on LMWH.12,13
13. When warfarin is taken at a dose ≤5 mg/d, the
risk of warfarin embryopathy is reduced but not
entirely eliminated. Some women, after discussion
with their physicians, may choose to substitute
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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14. SURGICAL CONSIDERATIONS
Concomitant surgical procedures may be appropriate
at the time of intervention for VHD in the interest of reducing periprocedural risk (eg, treatment of significant
CAD) or for optimizing long-term outcomes (eg, adding
a maze procedure for AF treatment). Consideration may
also be given to treating moderate disease in the interest of obviating the need for subsequent reoperation—
for example, treating aortic dilation in the presence of
a BAV. This is particularly true when one can anticipate
particular difficulty in the conduct of a subsequent reoperation, as may be the case for mitral valve intervention after AVR or in a patient with prior mediastinal irradiation for whom postoperative adhesions are often
severe. The benefits of such concomitant procedures
must be balanced against the potential impact on periprocedural risk due to added complexity. In particular,
interventions that add significantly to aortic cross-clamp
time may be discouraged in patients with poor LV function or significant pulmonary hypertension. Prolongation of cardiopulmonary bypass time may increase renal
injury, particularly among those with preexisting renal
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

dysfunction. More complex procedures may also pose a
particular risk in patients with fragile tissue integrity or
general frailty, and the additional dissection that may
be required in a reoperative setting may tip the balance
away from imposing additional risk by performing concomitant procedures.

14.1. Evaluation and Management of
CAD in Patients With VHD
14.1.1. Management of CAD in Patients
Undergoing TAVI
Recommendations for Management of CAD in Patients Undergoing
TAVI
Referenced studies that support the recommendations are
summarized in Online Data Supplement 45.
COR

1

2a

2a

LOE

Recommendations

C-EO

1. In patients undergoing TAVI, 1) contrastenhanced coronary CT angiography (in
patients with a low pretest probability for
CAD) or 2) an invasive coronary angiogram is
recommended to assess coronary anatomy and
guide revascularization.

C-LD

2. In patients undergoing TAVI with significant
left main or proximal CAD with or without
angina, revascularization by PCI before TAVI is
reasonable.1,2

C-LD

3. In patients with significant AS and significant
CAD (luminal reduction >70% diameter,
fractional flow reserve <0.8, instantaneous
wave-free ratio <0.89) consisting of complex
bifurcation left main and/or multivessel
CAD with a SYNTAX (Synergy Between
Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery) score >33, SAVR
and CABG are reasonable and preferred over
TAVI and PCI.3,4

Synopsis
CAD is common among patients presenting with AS,
particularly the elderly. In the surgical experience, concomitant revascularization impacts long-term survival in
a favorable way and is commonplace, as is preoperative
coronary imaging. Similarly, there is an argument to be
made for coronary revascularization among patients undergoing TAVI, although the effects on late outcomes
are less well defined and may not be the same as for
SAVR, given the different demographics and comorbidities of the TAVI versus SAVR populations. Nonetheless,
at this point, diagnostic imaging and consideration of
revascularization are appropriate (Figure 19).

Recommendation-Specific Supportive Text
1. The prevalence of CAD in patients with severe
AS ranges between 15% and 80%.5 and varies
depending on the definition of CAD used and the
populations examined.6 The impact of CAD on
outcomes is controversial,7,8 although one report
TBD TBD, 2021
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LMWH for low-dose warfarin during the first trimester to eliminate the risk of warfarin embryopathy. This choice improves fetal outcomes but
at the cost of increased maternal thrombotic
complications.1–3,12
Low-dose aspirin is regarded as safe during pregnancy and can be continued in women with
mechanical heart valves if needed for other indications. There may be noncardiac indications for
aspirin in pregnant women, such as prevention of
preeclampsia.28
Studies using subcutaneous LMWH at a fixed
dose without monitoring of anti-Xa levels in pregnant patients with mechanical prostheses found a
high risk of valve thrombosis and maternal death.
In pregnant women treated with dose-adjusted
LMWH, the dose of LMWH required to maintain
an adequate anti-Xa level 4 to 6 hours after administration increases throughout pregnancy.9,15,39,41
A randomized clinical trial of dabigatran in nonpregnant patients with mechanical heart valves
showed an increased rate of thromboembolic
and bleeding complications with dabigatran compared with warfarin.45 The safety and effectiveness of anti-Xa direct oral anticoagulants has not
been established in patients with mechanical heart
valves. Additionally, the safety of anti-Xa direct
oral anticoagulants in pregnancy is unknown.30–32
Anti-Xa direct oral anticoagulants have not been
shown to be safe in patients with mechanical heart valves, so they should not be used in
pregnancy.
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Figure 19. Management of CAD in patients undergoing valve interventions.
Colors correspond to Table 2. *Including men age >40 years and postmenopausal women. AVR indicates aortic valve replacement; CAD, coronary artery disease;
CABG, coronary artery bypass graft; CT, computed tomography; LV, left ventricular; MR, mitral regurgitation; PCI, percutaneous coronary intervention; SYNTAX,
Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery; and TAVI, transcatheter aortic valve implantation.

singled out severe CAD (defined by a SYNTAX
score >22) and incomplete revascularization as the
only independent predictors of death after TAVI.9
Assessment of the coronary anatomy is important
in patients with severe AS to rule out obstructive
CAD. Invasive coronary angiography is commonly
performed. In patients with a low pretest probability of CAD, contrast-enhanced coronary CT
angiography10 has an excellent negative predictive
value.11,12 In patients with normal renal function,
an option is to combine contrast-enhanced coronary CT angiography with CT assessment of the
peripheral circulation and heart structure as an initial imaging test, reserving coronary angiography
for the event that the contrast-enhanced coronary
CT angiography is nondiagnostic or significant
CAD is found. Invasive functional assessment of
coronary lesions in TAVI candidates by using fractional flow reserve or instantaneous wave-free
ratio is safe and feasible.13–15 Instantaneous wavefree ratio may be particularly attractive because
it does not require the administration of a vasodilator and is less influenced by the effect of the
e104
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stenotic aortic valve, although randomized clinical
trials validating the utility of both are ongoing.
2. There are no RCTs to inform clinical practice on
the benefits and timing of PCI in patients undergoing TAVI. The decision to perform PCI is therefore driven by myriad clinical factors (eg, presence
of angina or ischemia, ability to take dual-antiplatelet therapy before TAVI) and anatomic factors (eg, lesion location and complexity, technical
feasibility) and should be individualized. Overall,
nonrandomized studies suggest that PCI before
TAVI is safe and feasible,1 even in patients with
left main disease.2 Conceptually, pre-TAVI PCI
also allows a safer procedure and circumvents
future post-TAVI PCI, which can be occasionally
challenging. Staged PCI before TAVI is a common
strategy in clinical practice and is associated with
lower contrast volume and renal failure than is the
strategy of TAVI with concomitant PCI,1 although
the timing of pre-TAVI PCI remains controversial.
3. Multiple RCTs have been conducted to define the
optimal management of CAD in patients without VHD based on the SYNTAX score to define
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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14.1.2. Management of CAD in Patients
Undergoing Valve Surgery
Recommendations for Management of CAD in Patients Undergoing
Valve Surgery
Referenced studies that support the recommendations are
summarized in Online Data Supplement 45.
COR

LOE

Recommendations

1

C-LD

1. In patients with symptoms of angina, objective
evidence of ischemia, decreased LV systolic
function, history of CAD, or coronary risk
factors (including men >40 years of age and
postmenopausal women), invasive coronary
angiography is indicated before valve
intervention.1–8

1

C-LD

2. In patients with chronic severe secondary
MR, invasive coronary angiography should be
performed as part of the evaluation.9–11

B-NR

3. In selected patients with a low to intermediate
pretest probability of CAD, contrast-enhanced
coronary CT angiography is reasonable to
exclude the presence of significant obstructive
CAD.12–18

C-LD

4. In patients undergoing valve repair or
replacement with significant proximal CAD
(≥70% reduction in luminal diameter in major
coronary arteries or ≥50% reduction in luminal
diameter in the left main coronary artery
and/or physiologically significance), CABG is
reasonable for selective patients.19,20

2a
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2a

Synopsis
Coronary imaging in the setting of VHD defines anatomy that may be at risk during surgery or intervention. Given their similar demographic profiles, CAD
and VHD frequently coexist, and in the case of secondary MR they have a pathophysiological link. Revascularization, in turn, can impact periprocedural risk
or long-term outcome. In the case of secondary MR,
revascularization may positively impact the valve disease via reverse remodeling of the LV. In the surgical
setting, where repeat intervention is at high cost to
the patient, efforts are typically made to correct all
surgically correctable disease present at the index operation. Accordingly, an aggressive approach to revascularization is appropriate. In the setting of percutaneous interventions, however, the option of sequential
interventions with interval tests of improvement may
be appropriate. In either case, less invasive imaging
via contrast-enhanced coronary CT angiography is increasingly adopted.
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Recommendation-Specific Supportive Text
1. CAD is frequently present among patients with
VHD1–4 and may contribute to angina pectoris among those with aortic valve disease.3,4
Knowledge of coronary anatomy contributes to
risk stratification, in addition to directing concomitant coronary revascularization. There is a very
low prevalence of CAD among men <40 years of
age and premenopausal women with no atherosclerotic risk factors2,5–7 or history of mediastinal
radiation.8
2. Functional MR occurs in patients with structurally normal valve leaflets and chordae because
of LV dysfunction, including regional wall motion
abnormalities or global dilation with displacement of the papillary muscles, leaflet tethering,
annular dilation, and decreased closing forces
from reduced contractility.9–11 Because this LV dysfunction may be attributable to CAD and accompanying myocardial ischemia, the assessment of
coronary anatomy status is necessary to complete
the diagnosis and allow evaluation of revascularization options.
3. Contrast-enhanced coronary CT angiography is
an alternative to coronary angiography among
selected patients who are at low to intermediate
pretest probability of CAD before valve surgery.12
This does not include patients who have active
symptoms of angina, those with documented
ischemia, or those with a prior history of CAD,
all of whom should have selective coronary angiography. Recent studies, most often in the setting of a pre-TAVI evaluation, have demonstrated
diagnostic sensitivity of >90%, specificity of 60%
to 90%,13–15,21 and accuracy of >90%.21 Contrastenhanced coronary CT angiography may be safer
than coronary angiography in selected patient
populations, such as those with IE and vegetations on the aortic valve. However, a positive contrast-enhanced coronary CT angiogram, defined
as the presence of epicardial CAD, requires confirmation with invasive coronary angiography
to establish the need for and extent of CABG.
The risk of radiation exposure and renal failure
because of the contrast injection should be taken
into consideration.
4. The presence of uncorrected CAD has been shown
to negatively impact both perioperative22,23 and
late outcomes of surgery for VHD.19. Accordingly,
concomitant CABG has been favored. These studies of concomitant CABG at the time of valve
surgery have demonstrated little or no adverse
impact on the acute perioperative mortality rate,
despite increased cross-clamp and cardiopulmonary bypass times. Moreover, combined CABG
TBD TBD, 2021
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those least amenable to percutaneous treatment.
Subsets of patients shown to have superior freedom from major adverse cardiac events include
those with complex left main disease and those
with a SYNTAX score >33.3 Accordingly, a surgical
approach is reasonable in this subset of patients.
Among SAVR patients, revascularization for those
with significant CAD (>50% stenosis) has been
shown to impact late risk of mortality favorably.4
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and valve surgery reduces the rate of perioperative
myocardial infarction, and incomplete revascularization is associated with greater postoperative
LV systolic dysfunction and a reduced survival
rate after surgery as compared with patients who
receive complete revascularization. For more than
a decade, improved myocardial preservation techniques have been associated with reduced overall
operative mortality rates, and it has become standard practice to bypass all significant coronary
artery stenoses, when possible, in patients undergoing valve surgery. In patients with a significant
stenosis of the left anterior descending artery, a
left internal thoracic artery graft should be used
if possible. Hybrid PCI followed by surgical valve
repair or replacement has been reported favorably but is restricted to patients at high risk with a
combined surgical approach.20

14.2. Intervention for AF in Patients With
VHD
Recommendations for Intervention for AF in Patients With VHD
Referenced studies that support the recommendations are
summarized in Online Data Supplement 46.
COR
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1

LOE

Recommendations

C-LD

1. In patients with VHD and AF for whom
surgical intervention is planned, the potential
symptomatic benefits and additional
procedural risks of adjunctive arrhythmia
surgery at the time of cardiac valvular surgery
should be discussed with the patient.1–11

B-R

2. For symptomatic patients with paroxysmal or
persistent AF who are undergoing valvular
surgery, surgical pulmonary vein isolation
or a maze procedure can be beneficial to
reduce symptoms and prevent recurrent
arrhythmias.1,2,12–15

B-NR

3. For patients with AF or atrial flutter who are
undergoing valve surgery, LA appendage
ligation/excision is reasonable to reduce the
risk of thromboembolic events.16–19

B-NR

4. In patients undergoing LA surgical ablation
of atrial arrhythmias and/or LA appendage
ligation/excision, anticoagulation therapy is
reasonable for at least 3 months after the
procedure.20–22

B-NR

5. For patients without atrial arrhythmias who are
undergoing valvular surgery, LA appendage
occlusion/exclusion/amputation is potentially
harmful.23

2a

2a

2a

3: Harm

Synopsis
For patients undergoing valve surgery with symptomatic AF or atrial flutter, concomitant maze procedure
with or without atrial appendage occlusion/exclusion/
amputation is a proven treatment for the atrial arrhythmia but requires postoperative anticoagulation for at
least 3 months after the procedure (Figure 20).
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Recommendation-Specific Supportive Text
1. Surgical ablations, including pulmonary vein isolation and atrial maze at the time of valvular surgery
and other open cardiac operations, have been demonstrated in multiple studies to reduce the recurrence of AF.5–11 Various approaches to pulmonary
vein isolation and modified left atrial, right atrial,
and bi-atrial maze procedures entail longer procedure times, with higher risks of operative complications and permanent pacemaker implantation.1–4
These adverse outcomes, coupled with the lack of
large randomized trial data confirming mortality and
stroke benefit, should be examined with the patient.
2. The atrial maze procedure properly refers to a
specific bi-atrial lesion set performed by a “cutand-sew” technique or with tissue ablation technologies, including cryoenergy or radiofrequency.
Of note, the term “maze” is often loosely applied
to many variations of the original lesion set that
may be less effective. When performed with complete encirclement of the pulmonary veins, most
commonly in combination with mitral valve repair
or replacement but also with aortic or tricuspid
valve procedures, the maze procedure affords
freedom from AF with an efficacy similar to that
of catheter-based approaches.1,2,12–15 Patients
undergoing combined atrial maze procedure at
the time of operation for MR have a greater freedom from recurrent AF than those who did not
have a maze procedure.11 In patients with recurrent AF who are to undergo surgical correction
of MR, catheter ablation is best deferred in favor
of a concomitant surgical maze, thereby avoiding
the potential complications of a catheter maze
and a second procedure for the patient.
3. A reduction in thromboembolism has been demonstrated by LA ligation/excision, although the benefit is less evident in those patients who maintain
anticoagulation.16–19 Discontinuation of oral anticoagulation has also been associated with late stroke,
highlighting that the LA appendage is not the
exclusive source of all thrombi in patients with AF.
Therefore, there are insufficient data to support routine discontinuation of anticoagulation in patients
with AF who are undergoing LA ligation/excision.
4. Ablation with radiofrequency/cryoenergy or atrial
suture lines provides an endocardial thrombogenic milieu, and in addition, surgical LA appendage occlusion can be incomplete.20–22 In the
context of atrial arrhythmias, manipulation of
the LA, and post-cardioversion/defibrillation stunning, atrial mechanical function can be slow to
recover. The resultant stasis and thrombogenic
endocardial lesions provide a nidus for thrombus
development, placing this group of patients at
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Figure 20. Intervention for AF in patients
with VHD.
Colors correspond to Table 2. AF indicates atrial
fibrillation; LA, left atrial, and VHD, valvular heart
disease.
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risk of stroke. Nonrandomized registry data indicate that stroke in the first 3 months after catheter ablation is driven chiefly by discontinuation
of oral anticoagulation.21 Both US and European
guideline statements on catheter ablation recommend (on the basis of expert opinion alone)
anticoagulation during this periprocedural phase
while the endocardium heals from the ablation.
By analogy, patients who have had surgical ablation should be managed with at least 3 months
of anticoagulation, regardless of their CHA2DS2VASc risk score. Subsequent anticoagulation
should be based on evaluation of arrhythmia
recurrence in the context of their CHA2DS2-VASc
score. Anticoagulation should also be given for
at least 3 months after LA ligation/excision. For
patients receiving bioprostheses, a VKA would be
the preferred method of anticoagulation for the
first 3 months (see Section 2.4.3).
5. A higher incidence of early AF in all patients after
LA appendage occlusion/exclusion has been demonstrated.23 Together with the recognition that
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

most patients do not develop AF after surgery, preemptive LA appendage occlusion in patients without preexisting AF cannot be recommended. No
stroke benefit has been observed in this group of
patients with no preemptive history of AF.

15. NONCARDIAC SURGERY IN
PATIENTS WITH VHD
15.1. Diagnosis of Patients With VHD
Undergoing Noncardiac Surgery
Recommendation for Diagnosis in Patients With VHD Undergoing
Noncardiac Surgery
COR

LOE

Recommendation

1

C-EO

1. In patients with clinically suspected moderate or
greater degrees of valvular stenosis or regurgitation
who are undergoing noncardiac surgery,
preoperative echocardiography is recommended.

Synopsis
The evaluation of patients with VHD who are undergoing noncardiac surgery is dependent on the type and
TBD TBD, 2021
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severity of VHD, including 1) the presence or absence of
symptoms, 2) the severity of VHD, 3) the risk of noncardiac intervention, 4) the response of the LV and/or RV
to the overload caused by VHD, and 5) the pulmonary
artery systolic pressure. If the patient meets standard
criteria for a cardiac intervention, it is prudent to defer elective noncardiac procedures and proceed to valve
intervention first.1–4 However, in emergency situations,
noncardiac surgery may be necessary in the presence
of uncorrected severe valve disease. All patients with
severe VHD who are undergoing noncardiac surgery
benefit from an evaluation by a Heart Team consisting
of a cardiologist, cardiac anesthesiologist, and cardiac
surgeons, in conjunction with the surgeon performing
the procedure. In patients with severe VHD who are undergoing low-risk surgical procedures or in patients with
mild to moderate VHD, noninvasive monitoring in consultation with a cardiovascular anesthesiologist may be
all that is needed. In patients with severe VHD who are
undergoing elevated-risk noncardiac surgery, decisions
should be made as to whether to proceed with the noncardiac surgery and whether invasive hemodynamic or
TEE imaging monitoring should be performed intraoperatively and postoperatively in an intensive care setting.

Recommendation-Specific Supportive Text
Downloaded from http://ahajournals.org by on December 17, 2020

1. After a careful clinical evaluation and preoperative resting 12-lead ECG, patients being evaluated for noncardiac surgery who have known or
suspected VHD of moderate or greater degree
benefit from TTE.5 If there has been no change
in clinical course, an echocardiogram within the
past 12 months can be used. Most adverse events
have occurred because the diagnosis of VHD was
not known to the surgical team. The echocardiographic evaluation should quantify the severity
of valve stenosis or regurgitation, calculate systolic function, estimate diastolic function, evaluate LV size and myocardial structure, estimate RV
size and function, and estimate pulmonary artery
systolic pressure.4 AS is present in 1% to 2% of
all patients >65 years of age and 3% to 8% of
all patients >75 years of age. Severe AS is associated with an increased risk during noncardiac
surgery, depending on the specific degree of valve
narrowing, LV systolic function, concurrent CAD,
type of surgery, and other risk factors associated
with surgery. Rheumatic MS may also be poorly
tolerated during the altered hemodynamics of
anesthesia and noncardiac surgery. Left-sided
regurgitant lesions are better tolerated but still
convey increased risk, particularly if the anesthesiologist and surgeon are unaware of the diagnosis
or severity of valve disease.
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15.2.Management of the Symptomatic
Patient
Recommendation for Management of the Symptomatic Patient
With VHD Undergoing Noncardiac Surgery
COR

1

LOE

Recommendation

C-EO

1. In patients who meet standard indications
for intervention for VHD (replacement and
repair) on the basis of symptoms and disease
severity, intervention should be performed
before elective noncardiac surgery to reduce
perioperative risk if possible, depending
on the urgency and risk of the noncardiac
procedure.1

Synopsis
Symptomatic patients with severe VHD benefit from
valve intervention before noncardiac surgery, if possible.

Recommendation-Specific Supportive Text
1. Noncardiac surgery patients with symptomatic severe AS have the highest risk of cardiac
complications; the estimated rate of cardiac
complications in patients with undiagnosed
severe AS undergoing noncardiac surgery is
10% to 30%. AVR (SAVR, TAVI) performed
before elective elevated-risk noncardiac surgery in symptomatic patients with severe AS
will prevent hemodynamic instability during,
as well as after, noncardiac surgery.1–7 In AS
patients who are undergoing noncardiac surgery, there is lack of data on the efficacy or
safety of TAVI,8 but TAVI is a reasonable option
to avoid delay of semi-urgent noncardiac surgery. In hemodynamically unstable patients at
high to prohibitive surgical risk for AVR, balloon aortic valvuloplasty as a bridging strategy
may be an option.9–11 Symptomatic patients
with rheumatic MS (the pathophysiology and
implications of rheumatic MS and AS are similar) or patients with pulmonary artery systolic
pressure >50 mm Hg benefit from valvular
intervention before elective noncardiac surgery
according to recommendations for rheumatic
MS. Left-sided regurgitant lesions also convey
increased cardiac risk during noncardiac surgery.1,2 Although these lesions are generally
better tolerated than stenotic valvular disease,
in patients with MR and AR who are undergoing elective elevated-risk (ie, intermediate- or
high-risk) noncardiac surgery and who meet
standard indications for intervention, mitral
or aortic valve surgery (repair or replacement)
optimally should be performed before noncardiac surgery.

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923
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Recommendations for Management of the Asymptomatic Patient
With VHD Undergoing Noncardiac Surgery
Referenced studies that support the recommendations are
summarized in Online Data Supplement 47.
COR

LOE

Recommendations

B-R

1. In asymptomatic patients with moderate or
greater degrees of AS and normal LV systolic
function, it is reasonable to perform elective
noncardiac surgery.1–3

C-EO

2. In asymptomatic patients with moderate
or greater degrees of rheumatic MS with
less than severe pulmonary hypertension
(pulmonary artery systolic pressure <50
mm Hg), it is reasonable to perform elective
noncardiac surgery.

2a

C-LD

3. In asymptomatic patients with moderate or
greater degrees of MR and normal LV systolic
function with less than severe pulmonary
hypertension (pulmonary artery systolic
pressure <50 mm Hg), it is reasonable to
perform elective noncardiac surgery.4–7

2a

C-LD

4. In asymptomatic patients with moderate or
greater degrees of AR and normal LV systolic
function, it is reasonable to perform elective
noncardiac surgery.8

2a

2a

Synopsis
Downloaded from http://ahajournals.org by on December 17, 2020

In asymptomatic patients with significant VHD who do
not meet standard criteria for intervention, the risk associated with the noncardiac procedure can be minimized by choosing an anesthetic approach that is appropriate to the valve lesion and ensuring a higher level
of intraoperative (and perioperative) monitoring, taking
into account the underlying valvular abnormality, its effect on LV function, and comorbidities. In patients with
VHD, the cardiovascular risk of noncardiac surgery is
also impacted by other cardiovascular conditions, such
as LV and RV dysfunction, CAD, pulmonary hypertension, and peripheral artery disease. In patients with
moderate or greater degrees of AS, the hemodynamic
effects of anesthesia and surgery are poorly tolerated;
predictors of adverse outcomes include severity of AS,
coexisting MR, pulmonary hypertension, and CAD.
However, these comorbidities also increase the risk of
AVR. Data are limited, but the risk–benefit ratio continues to favor managing asymptomatic patients with
severe AS who are undergoing noncardiac surgery with
hemodynamic monitoring and optimization of loading conditions, rather than considering prophylactic
AVR. The patient with rheumatic MS who is undergoing noncardiac surgery is treated in a manner similar
to the patient with AS. Regurgitant lesions also convey
an increased risk of cardiac complications in patients
undergoing noncardiac surgery and thus require careful
evaluation and hemodynamic monitoring.

Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

Recommendation-Specific Supportive Text
1. Asymptomatic patients with severe AS and
a normal LVEF can undergo noncardiac surgery with acceptable risk, particularly in the
absence of severe CAD.1–3 Thus, pre-operative
evaluation to exclude severe CAD with CT or
angiographic imaging may be useful. In these
patients with severe asymptomatic AS, cardiac
complications can be reduced by periprocedural
continuous optimization of loading conditions,
thereby avoiding hypotension and tachycardia.
Sinus rhythm with normal heart rate should be
maintained. Tachycardia and systemic hypotension may result in decreased coronary perfusion
pressure, development of arrhythmias or ischemia, myocardial injury, cardiac failure, or death.
Periprocedural hemodynamic monitoring with a
right-heart catheter or intraoperative TEE may
be particularly useful to allow continuous optimization of loading conditions. Intraoperative
and postoperative monitoring of blood pressure
and intracardiac volume are implemented starting in the preoperative period and continuing
until hemodynamics are stable, up to 24 to 48
hours after the procedure. General anesthetics
are well tolerated, and the anesthetic agents
should be chosen to maintain sinus rhythm and
normotension. Phenylephrine or norepinephrine can be used to increase blood pressure in
patients with no significant CAD.9,10 In case of
systemic hypertension, arterial dilators, such as
short-acting calcium channel blockers, are preferred. Epidural or spinal anesthetic interventions should be modified to avoid rapid changes
in systemic pressure, using only high-dilution
neuraxial local anesthetic agents in combination
with opioids.11–14
2. In asymptomatic patients with moderate or
greater degrees of rheumatic MS with a pulmonary artery systolic pressure <50 mm Hg,
elevated-risk noncardiac surgery can be performed with invasive hemodynamic monitoring
to optimize loading conditions. Maintenance
of LV preload and sinus rhythm should be the
targets in the perioperative period. Preload
should be maintained at a level high enough
to allow an adequate forward cardiac output
across the stenotic mitral valve but low enough
to avoid pulmonary edema. Preload attainment can be challenging and requires measurement of cardiac output and pulmonary
wedge pressure. Of particular concern is judicious intravenous fluid administration, so as
to avoid increases in the LA pressure and pulmonary capillary pressure that may precipitate
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acute pulmonary edema. Tachycardia should
be avoided because of the shortened diastolic
LV filling time across the stenotic mitral valve,
resulting in an increase in LA pressure. 15–17 In
asymptomatic patients with significant rheumatic MS and with a pulmonary artery systolic
pressure >50 mm Hg, the risk of elective intermediate- to high-risk noncardiac surgery is
considerably higher, so these patients should
be evaluated and treated as outlined in the
rheumatic MS section (Section 6.2). 6,7,18
3. In asymptomatic patients with significant MR
and normal LV systolic function with a pulmonary artery systolic pressure <50 mm Hg who
are undergoing elective noncardiac surgery,
the overall hemodynamic goals are avoidance
of both increased afterload and bradycardia by
choosing the appropriate anesthetic scheme.
Left-sided regurgitant lesions convey chronic
LV volume overload and increased cardiac risk
during noncardiac surgery but are better tolerated than is stenotic valvular disease.11 Patients
with significant MR undergoing noncardiac
surgery had higher rates of postoperative HF
and myocardial infarction than did controls
without MR.4 The combination of neuraxial
local anesthetics and opioids produces a favorable systemic vasodilation for patients with
regurgitant valve lesions. Patients with regurgitant lesions will also do well with general
anesthesia, which also lowers systemic vascular resistance. However, preload should be
maintained.15,16 Invasive hemodynamic and/
or intraoperative TEE monitoring allows for
continuous optimization of LV filling pressures
and LV function during and after the operative procedure. Patients should be admitted to
an intensive monitoring setting for up to 24 to
72 hours after the procedure.15 In functional
MR, especially in these patients for whom very
careful attention to afterload control and fluid
balance is crucial, anesthetic considerations
should also include management of the underlying heart disease (ie, ischemic heart disease,
hypertrophic cardiomyopathy).
4. Patients with severe AR are prone to hemodynamic instability because of the detrimental
effects of increased volume on myocardial wall
stress. The perioperative stress associated with
noncardiac surgery may lead to hypotension,
arrhythmias, HF, or even death. Patients with significant AR undergoing noncardiac surgery had a
higher in-hospital mortality rate and higher morbidity rate, including postoperative myocardial
infarction, stroke, pulmonary edema, intubation
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>24 hours, and major arrhythmias, than those
of case-matched controls without AR. Decreased
LV systolic function, elevated serum creatinine
>2 mg/dL, and intermediate- to high-risk noncardiac surgery were predictors of higher risk
of cardiopulmonary complications and death.8
Avoid bradycardia when AR is present because
of the increase in total diastolic time. These
patients are monitored with invasive systemic
arterial and venous catheters and/or TEE and are
admitted postoperatively to an intensive monitoring setting.

16. EVIDENCE GAPS AND FUTURE
DIRECTIONS
Many recommendations for the evaluation and management of VHD continue to be based on clinical experience and observational studies, with prospective
RCTs limited mostly to new devices. We recommend
that research on valve disease span the spectrum from
basic science to prospective randomized trials, including medical therapy, and that studies focus on each
stage of the disease process, from the patient at risk to
the patient with end-stage disease. Newer approaches,
such as artificial intelligence and machine learning, as
well as imaging and engineering advances, may provide sophisticated tools for diagnosis and therapeutics.
Research should be patient centered, with patients included at every stage of the research process to ensure
that questions and outcomes important to patients are
included in the study design, implementation, and reporting.

16.1. Prevention of Valve Disease: Stage A
On a worldwide basis, rheumatic fever remains the primary cause of VHD; global health systems outcomes
studies are needed to identify impediments to successful primary and secondary prevention of rheumatic
heart disease. Other approaches to prevention, such
as vaccine development, and delaying disease progression once valve damage is present should also be explored. Disease prevention in patients at risk of other
types of valve disease is needed, including the control
of known cardiovascular risk factors. Some subgroups
at risk of calcific AS can be identified, such as those
with a congenital BAV or elevated lipoprotein(a) levels. However, there are no known therapies to prevent valve dysfunction in these patients. Basic science
studies on the genetic and pathobiological causes of
valve dysfunction will provide insight into mechanisms
of disease that might allow identification of patients
at risk and allow early intervention to prevent disease
initiation.1–12
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In patients with early VHD, including those with calcific or myxomatous disease, there are currently no
therapies to prevent disease progression in the valve
leaflets. Instead, current recommendations are directed toward patient monitoring, with the intent to
intervene once severe disease is present that results in
symptoms or abnormal cardiovascular function. Basic
science studies are needed to identify potential targets for prevention of progressive VHD. Focused translational studies using sensitive, advanced imaging
markers of disease progression may allow more rapid
clinical implementation and better design of RCTs for
promising new therapies. There also has been little
consideration of the interaction of valvular, ventricular, and vascular involvement in the disease process.
Additional studies are needed on therapies that might
prevent the adverse consequences of VHD, such as LV
dysfunction and pulmonary hypertension. Most importantly, patient education and empowering patients
to be active participants in managing their health conditions and participating in shared decision-making
are essential.1–5
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16.3. Optimal Timing of Intervention:
Stage C
Current approaches to identifying the optimal timing of
intervention in patients with progressive valve disease
are suboptimal. Symptom onset is a subjective measure
and may occur too late in the disease course for optimal
long-term outcomes. Despite the availability of sophisticated approaches for measurement of LV volumes, systolic function, diastolic function, and other measures of
myocardial performance, recommendations continue to
rely on simple linear dimensions used in published series, with data that may not reflect contemporary clinical outcomes. Studies are urgently needed that evaluate the value of newer measures of LV size, function,
and myocardial structure in predicting outcomes after
valve intervention, especially in patients with chronic
severe AR. However, LV enlargement and dysfunction
are late consequences of valve dysfunction; as more
durable approaches to restoring normal valve function
are developed, the benefit–risk balance for intervention
will shift to earlier in the disease. Studies examining the
role of earlier markers of myocardial dysfunction, such
as strain and strain-rate imaging, diastolic dysfunction,
circulating blood markers, and other novel approaches
to defining the optimal timing of intervention, also are
needed.
Few studies have included adequate numbers of
older adults to make specific recommendations for this
group of patients, for whom particular concerns, such
Circulation. 2021;143:e00–e00. DOI: 10.1161/CIR.0000000000000923

as cognitive function, frailty, and mobility challenges,
may change the decision algorithms. In addition, women and minorities often are underrepresented in clinical
trials. Directed efforts are needed to ensure all patient
groups are included with numbers adequate to perform
separate data analysis.
Given the relatively low risk associated with intervention in otherwise healthy patients and the improved
options for valve repair or replacement, RCTs of intervention for severe asymptomatic VHD will be important
and are in progress for some conditions, such as severe
AS. Other specific conditions where clinical equipoise
exists are asymptomatic severe AR with normal LV systolic function, severe primary MR with normal LV function and a high likelihood of valve repair, and the role of
intervention for TR. Data from large, carefully designed
registries are also needed for defining and improving
quality of care. Long-term follow-up will be needed to
ensure the lifetime risks of a prosthetic valve or valve
repair are balanced against any benefits attributable to
earlier intervention.1–4

16.4. Better Options for Intervention:
Stage D
Better options are needed for valve repair and replacement. The timing of intervention is based on the balance between outcomes with native valve disease and
the risk and long-term durability of the valve after intervention. As valve repair and replacement options
improve, the balance will shift toward earlier intervention. A valve substitute is needed that can be safely and
reliably implanted, is nonthrombogenic, has hemodynamics similar to a normal native valve, and is durable. Transcatheter valve procedures offer the promise
of safe implantation and excellent hemodynamics, but
long-term durability beyond 5 years is not yet known.
In patients who require mechanical valve replacement,
oral therapy is needed that provides effective anticoagulation with a low risk of complications and no negative
impact on quality of life.
Moderate to severe VHD is present in 2.5% of the
US population and increases in prevalence with age.
The disease affects between 4% and 9% of those 65
to 75 years of age and 12% to 13% of those >75 years
of age. Many of these patients require surgical or interventional procedures. However, even with intervention, overall survival is lower than expected, and the
risk of adverse outcomes attributable to VHD is high,
because of both limited options for restoring normal
valve function and failure to intervene at the optimal
time point in the disease course. Research is urgently
needed on almost every aspect of VHD to ensure that
patients who already have VHD receive optimal therapy and to prevent VHD in those at risk. Approaches to
improving outcomes in patients with VHD include 1)
TBD TBD, 2021
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Table 26.

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

Evidence Gaps and Future Directions for Patients With VHD

Evidence Gaps

Future Directions

Identification of patients at risk and valve disease prevention (Stage A)
 Disease mechanisms

Basic science to identify specific targets for medical therapy

 Rheumatic heart disease

Primary and secondary prevention

 Calcific valve disease

Identification of patients at risk
Risk factor intervention
Prevention of disease initiation

Medical therapy for progressive valve disease (Stage B)
 Disease mechanisms

Basic science to identify specific targets to slow or reverse disease progression

 Medical intervention

Targeted therapy using advanced imaging endpoints to study disease mechanisms

 Ventricular and vascular interactions

Dynamic interplay between valve disease severity and changes in ventricular anatomy and function
Modulation of ventricular and vascular dysfunction in patients with VHD

Optimal timing of intervention (Stage C)
 Improved measures of disease severity

Validation of newer measures of LV size (eg, volumes instead of dimension) and function (eg,
strain) for timing of intervention decisions.
Evaluation of nonimaging parameters (serum markers and other novel approaches)

 Timing of intervention

Timing of intervention in asymptomatic patients with valve regurgitation
Intervention for asymptomatic severe AS
Intervention for moderate AS with LV dysfunction
Identification of patients with secondary MR who benefit from intervention

 Patient-centered research

Involvement of patients in identifying research questions, study design, and definition of outcomes

 Inclusion of diverse patient groups

Adequate representation of diverse patient populations in RCTs for VHD

 Decision aids

Development and validation of improved decision aids for shared decision-making with patients
Implementation and validation of decision algorithms for physicians and Heart Valve Teams
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Intervention options and long-term management (Stage D)
 Improved prosthetic valves

Durability of TAVI valves
Nonthrombogenic durable surgical and transcatheter valves

 Optimal antithrombotic therapy

Alternatives to VKA anticoagulation for mechanical valves
Management of anticoagulation during pregnancy
Optimal antithrombotic therapy after TAVI

 Medical therapy after AVR

Medical therapy to address ventricular and vascular function
Optimal blood pressure targets after valve intervention

 Lower procedural risk

Approaches to lower surgical morbidity and mortality rates
Prevention of postoperative AF
Noninvasive approaches for correction of valve dysfunction

 Prevention of complications

Approaches to avoid need for permanent pacing after SAVR or TAVI
Better prevention, diagnosis and treatment of endocarditis.
Better prevention of thromboembolic events.

 Promoting equity

Identify and address disparities in outcomes and survival across diverse patient populations
Develop novel, cost-effective approaches for long-term management in rural settings
Expand access to therapies for valvular dysfunction

AF indicates atrial fibrillation; AS, aortic stenosis; AVR, aortic valve replacement; LV, left ventricular; MR, mitral regurgitation; RCT, randomized controlled trial;
SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; VHD, valvular heart disease; and VKA, vitamin K antagonist.

national and international registries and RCTs, 2) continuous evaluation of outcomes data at each Comprehensive and Primary Heart Valve Center, and 3) focus
on patient-centric care, with involvement of the patient
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in the decision-making process (Table 26). More accessible quality and outcome data are also needed from
Comprehensive Valve Centers to assist cardiologists
and patients to make well-informed choices.1–3
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