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Device in Heart Failure: 2nd Trial in Patients
with Clinically Significant Functional Mitral
Regurgitation

Regurgitant fraction

Right heart catheterization

Rheumatic heart disease

Right ventricle/right ventricular

Right ventricular ejection fraction
Regurgitant volume

Systolic anterior movement

Single antiplatelet therapy

Surgical aortic valve

Surgical aortic valve replacement
Sodium—glucose co-transporter 2 inhibitor
Secondary mitral regurgitation

SPAP Systolic pulmonary artery pressure

STS Society of Thoracic Surgeons

STS-PROM Society of Thoracic Surgeons predicted risk of
mortality

SvD Structural valve deterioration

SVi Stroke volume index

TAPSE Tricuspid annular plane systolic excursion

TAV Transcatheter aortic valve

TAVI Transcatheter aortic valve implantation

TDI Tissue Doppler imaging

TEER Transcatheter edge-to-edge repair

THV Transcatheter heart valve

T™MVI Transcatheter mitral valve implantation

TOE Transoesophageal echocardiography

TR Tricuspid regurgitation

TRILUMINATE Clinical Trial to Evaluate Cardiovascular

Outcomes in Patients Treated With the
Tricuspid Valve Repair System trial

TRISCEND Edwards EVOQUE Transcatheter Tricuspid
Valve Replacement: Pivotal Clinical
Investigation of Safety and Clinical Efficacy
using a Novel Device

TS Tricuspid stenosis

TTE Transthoracic echocardiography

TTR Time in therapeutic range

v Tricuspid valve

UFH Unfractionated heparin

VCA Vena contracta area

VHD Valvular heart disease

VKA Vitamin K antagonist

Vmax Peak transvalvular velocity

VSARR Valve-sparing aortic root replacement

VTE Venous thromboembolism

VTI Velocity time integral

WHO World Health Organisation

WU Wood unit

Y Yes

1. Preamble

Guidelines evaluate and summarize available evidence with the aim of as-
sisting health professionals in proposing the best diagnostic or therapeutic
approach for an individual patient with a given condition. ESC/EACTS
Guidelines are intended for use by health professionals but do not override
their individual responsibility to make appropriate and accurate decisions
in consideration of each patient’s health condition and in consultation with
the patient or the patient’s caregiver where appropriate and/or necessary.
It is also the health professional’s responsibility to verify the rules and reg-
ulations applicable in each country to drugs and devices at the time of pre-
scription and to respect the ethical rules of their profession.

ESC Guidelines represent the official position of the ESC on a given
topic. Guideline topics are selected for updating after annual expert re-
view of new evidence conducted by the ESC Clinical Practice
Guidelines (CPG) Committee. ESC Policies and Procedures for formu-
lating and issuing ESC Guidelines can be found on the ESC website
(https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/
Guidelines-development/Writing-ESC-Guidelines).

This guideline updates and replaces the previous version from 2021. This
Task Force was selected by the ESC and the EACTS to include professionals
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Table 1 Classes of recommendations

Definition

Class |

Classes of recommendations

may be harmful.

Table 2 Levels of evidence

Level of
evidence C

involved with the medical care of patients with this pathology and to include
patient representatives and methodologists. The selection procedure in-
cluded an open call for authors and aimed to include members from across
the whole of the ESC region and from relevant ESC Subspecialty
Communities. Consideration was given to diversity and inclusion.
Guidelines Task Forces perform a critical review and evaluation of the
published literature on diagnostic and therapeutic approaches including
assessment of the risk—benefit ratio. Recommendations are based on
major randomized trials and relevant systematic reviews and
meta-analyses, when available. Systematic literature searches are con-
ducted in cases of controversy or uncertainty to ensure that all key

Evidence and/or general agreement
that a given treatment or procedure is
beneficial, useful, effective.

given treatment or procedure is not
useful/effective, and in some cases

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.

Wording to use

Conflicting evidence and/or a divergence of opinion about the usefulness/

Should be considered

Class I
efficacy of the given treatment or procedure.
Classlla Weight of evidence/opinion is in
favour of usefulness/efficacy.
Class b Usefulness/efficacy is less well
established by evidence/opinion.
Class i Evidence or general agreement that the

©ESC/EACTS 2025

OESC/EACTS 2025

studies were considered. For recommendations related to diagnosis
and prognosis, additional types of evidence are included, such as diagnos-
tic accuracy studies and studies focused on the development and valid-
ation of prognostic models. The strength of each recommendation and
the level of evidence supporting it are weighed and scored according
to pre-defined criteria as outlined in Tables 1 and 2. Patient-Reported
Outcome Measures (PROMs) and Patient-Reported Experience
Measures (PREMs) are also evaluated when available as the basis for re-
commendations and/or discussion in these guidelines.

Evidence tables summarizing key information from relevant studies
are generated to facilitate the formulation of recommendations, to
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enhance comprehension of recommendations after publication, and to
reinforce transparency in the guidelines development process. The ta-
bles are published in their own section of the guidelines and reference
specific recommendation tables.

After an iterative process of deliberations, a first Task Force vote on
all recommendations is conducted prior to the initiation of rounds of
review. A second Task Force vote on all recommendations is con-
ducted after the final round of review and revision. For each vote,
the Task Force follows ESC voting procedures and all recommenda-
tions require at least 75% agreement among voting members to be ap-
proved. Voting restrictions may be applied based on declarations of
interests.

The writing and reviewing panels provide declaration-of-interest
forms for all relationships that might be perceived as real or potential
sources of conflicts of interest. Their declarations of interest are re-
viewed according to the ESC declaration-of-interest rules, which can
be found on the ESC website (http:/www.escardio.org/doi) and are
compiled in a report published in a supplementary document with
the guidelines. Funding for the development of these ESC/EACTS
Guidelines was derived entirely from the ESC and the EACTS with
no involvement of the healthcare industry.

The ESC CPG Committee supervises and co-ordinates the prepar-
ation of new guidelines and approves their publication. In addition to
review by the ESC CPG Committee, these ESC/EACTS Guidelines
underwent multiple rounds of double-blind peer review on a dedicated
online review platform. The review was conducted by topic experts, in-
cluding members from ESC National Cardiac Societies, EACTS
Network of National Cardiac Surgery Societies and from relevant
ESC Subspecialty Communities. The Guideline Task Force considered
all review comments and was required to respond to all those classified
as major. After appropriate revisions, the Task Force, the ESC CPG
Committee members and the EACTS Council members approved
the final document for publication in the European Heart Journal and
in the European Journal of Cardio-Thoracic Surgery.

Unless otherwise stated, the guideline content refers to sex, under-
stood as the biological condition of being male or female, defined by
genes, hormones, and sexual organs. Off-label use of medication may
be presented in this guideline if a sufficient level of evidence shows
that it can be considered medically appropriate for a given condition.
However, decisions on off-label use must be made by the responsible
health professional giving special consideration to ethical rules concern-
ing healthcare, the specific situation of the patient, patient consent, and
country-specific health regulations.

2. Introduction

New evidence has accumulated since the publication of the 2021
European  Society of Cardiology (ESC)/European Association  for
Cardio-Thoracic Surgery (EACTS) Guidelines for the management of valvular
heart disease, leading to the need for new recommendations (Table 3
New recommendations) and revision of existing recommendations
(Table 4 Revised recommendations) concerning the following topics:

* The importance of shared and patient-centred decision-making by
multidisciplinary expert Heart Teams working within a regional net-
work has been reinforced. Patients with complex conditions or re-
quiring complex procedures should be referred to high-volume

centres, where corresponding expertise is concentrated to ensure
high-quality treatment.

Advanced imaging modalities—such as three-dimensional (3D) echo-
cardiography, cardiac computed tomography (CCT), and cardiac
magnetic resonance (CMR) imaging—have gained importance and
become a central aspect in the screening and evaluation of patients
with valvular heart disease (VHD).

Emphasis is put on the importance of correctly assessing the cause(s)
and mechanism(s) of all valve diseases. In particular, the distinction
between atrial and ventricular secondary mitral regurgitation (SMR)
has clear implications in terms of prognosis and management.

New evidence has been published regarding the benefits of
intervention for the treatment of severe aortic stenosis (AS) irre-
spective of symptoms, left ventricular ejection fraction (LVEF), and
flow reserve.

The criteria used for decision-making concerning the optimal modal-
ity of AS treatment [transcatheter aortic valve (AV) implantation
(TAVI) or surgical AV replacement (SAVR)] based on a Heart Team
approach have been refined, including the combination of key aspects
such as age, procedural risk, and anatomical suitability, incorporating
estimated life expectancy and lifetime management considerations.
Further randomized evidence confirming the mid-term safety and ef-
ficacy of TAVI in low-risk patients has been published.

The indications for TAVIin patients with bicuspid AV (BAV) stenosis
or severe aortic regurgitation (AR) at high surgical risk, based on ana-
tomical suitability and a comprehensive Heart Team evaluation, are
discussed.

Several advancements have been made regarding the treatment of
patients with primary mitral regurgitation (PMR): refinement of the
criteria for intervention in asymptomatic patients; demonstration
of the value of minimally invasive mitral valve (MV) surgery to reduce
the length of hospital stay and accelerate recovery; and large-scale
data confirming the role of transcatheter edge-to-edge repair
(TEER) in high-risk patients.

Longer-term follow-up data and two new randomized controlled
trials (RCTs) concerning the management of patients with ventricular
SMR have been published.

The evidence for the treatment of tricuspid valve (TV) disease is
growing—including new randomized data supporting concomitant
TV repair during left-sided valve surgery, and transcatheter options
(repair and replacement) that reduce tricuspid regurgitation (TR),
promote reverse right ventricular (RV) remodelling, and improve
quality of life compared with medical treatment.

Efforts have been made to provide improved guidance regarding the
diagnostic steps and management of patients with multiple and mixed
VHD.

Definitions of structural valve deterioration (SVD) have been up-
dated and unified.

The recommendations concerning the use of direct oral anticoagu-
lants (DOACs) in patients with VHD have been updated, and the im-
portance of education and (self-)monitoring is emphasized.
Sex-specific considerations in patients with VHD have been ex-
tended and regrouped into a new dedicated section (see Section 17).

Because of demographic changes, patients with VHD frequently
present with concomitant cardiovascular diseases, increasing the com-
plexity of treatment strategies. These Guidelines focus on acquired
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VHD and do not deal in detail with overlapping cardiovascular diseases
such as infective endocarditis,® chronic coronary syndrome,® and atrial
fibrillation (AF),” as well as all scenarios of aortic or congenital dis-
ease,®? because these topics are covered in separate Guidelines.

The 2025 ESC/EACTS Guidelines for the management of valvular heart
disease aim to be concise, focused on relevant issues for clinicians and
patients, and to provide clear and simple practical recommendations,
assisting healthcare providers in their daily clinical decision-making. A
compilation of the evidence considered for new recommendations, or
those with an updated class of recommendation or level of evidence,
can be consulted online (see Supplementary data online, Evidence
Tables). The Task Force for these Guidelines acknowledges that

2.1. What is new

Table 3 New recommendations

Recommendations

Diagnosis of coronary artery disease—Section 6.1

Omission of invasive coronary angiography should be considered in TAVI candidates, if procedural planning CT angiography is of sufficient

quality to rule out significant CAD.

PCl should be considered in patients with a primary indication to undergo TAVI and >90% coronary artery stenosis in segments with a

reference diameter >2.5 mm.

multiple factors influence and ultimately determine the most appro-
priate treatment of individual patients within a given community.
These factors include the availability of equipment and technology,
and the expertise and volumes, in complex procedures, such as valve
repair or transcatheter interventions. Moreover, given the lack of evi-
dence on some topics related to VHD, several recommendations are
the result of expert consensus opinion. Therefore, deviations from
these Guidelines may be appropriate in certain clinical circumstances,
and decision-making should always be based on a collaborative, multi-
disciplinary Heart Team approach centred on individual characteris-
tics, needs, and prognosis, as well as the preferences of the informed
patient.

Indications for intervention in severe aortic regurgitation—Section 7.4

TAVI may be considered for the treatment of severe AR in symptomatic patients ineligible for surgery according to the Heart Team, if the

anatomy is suitable.

Class® Level®
lla B
lla B
IIb B

Indications for intervention in symptomatic and asymptomatic severe aortic stenosis, and recommended mode of intervention—Section 8.5

Intervention should be considered in asymptomatic patients (confirmed by a normal exercise test, if feasible) with severe, high-gradient AS
and LVEF >50%, as an alternative to close active surveillance, if the procedural risk is low.

TAVI may be considered for the treatment of severe BAV stenosis in patients at increased surgical risk, if the anatomy is suitable. Ib B

Indications for intervention in severe primary mitral regurgitation—Section 9.1

Surgical MV repair is recommended in low-risk asymptomatic patients with severe PMR without LV dysfunction (LVESD <40 mm, LVESDi

<20 mm/mz, and LVEF >60%) when a durable result is likely, if at least three of the following criteria are fulfilled:

+ AF I B
» SPAP at rest >50 mmHg

« LA dilatation (LAVI >60 mL/m? or LA diameter >55 mm)

» Concomitant secondary TR > moderate.

Minimally invasive MV surgery may be considered at experienced centres to reduce the length of stay and accelerate recovery. I1b B
Indications for intervention in secondary mitral regurgitation—Section 9.2

MV surgery, surgical AF ablation, if indicated, and LAAQO should be considered in symptomatic patients with severe atrial SMR under optimal lla B
medical therapy.

TEER may be considered in symptomatic patients with severe atrial SMR not eligible for surgery after optimization of medical therapy b B
including rhythm control, when appropriate.

MV surgery may be considered in patients with moderate SMR undergoing CABG. 1) B

Indications for mitral valve surgery and transcatheter intervention in clinically severe rheumatic and degenerative mitral stenosis—

Section 10.3

TMVI may be considered in symptomatic patients with extensive MAC and severe MV dysfunction at experienced Heart Valve Centres with

expertise in complex MV surgery and transcatheter interventions.

b (o

Continued
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Indications for intervention in tricuspid regurgitation—Section 11.4
Careful evaluation of TR aetiology, stage of the disease (i.e. degree of TR severity, RV and LV dysfunction, and PH), patient operative risk, | c
and likelihood of recovery by a multidisciplinary Heart Team is recommended in patients with severe TR prior to intervention.
Surgery of concomitant severe mitral regurgitation—Section 13.3
MV surgery is recommended in patients with severe MR undergoing surgery for another valve. 1 C
Indications for intervention in patients with mixed moderate aortic stenosis and moderate aortic regurgitation—Section 13.3
Intervention is recommended in symptomatic patients with mixed moderate AV stenosis and moderate regurgitation, and a mean I B
gradient >40 mmHg or V., >4.0 m/s.
Intervention is recommended in asymptomatic patients with mixed moderate AV stenosis and moderate regurgitation, with V.., >4.0 m/s c

and LVEF <50% not attributable to other cardiac disease.

Prosthetic valve selection—Section 14.1

An MHYV should be considered in patients with an estimated long life expectancy, if there are no contraindications for long-term OAC. Ila
Management of antithrombotic therapy in patients with a mechanical heart valve—Section 14.3

It is recommended that INR targets are based on the type and position of MHYV, patient’s risk factors, and comorbidities. |

Patient education is recommended to improve the quality of OAC. |

Management of antithrombotic therapy in patients with mechanical heart valves undergoing elective non-cardiac surgery or invasive

procedures—Section 14.3

Continuing VKA treatment is recommended in patients with an MHV for minor or minimally invasive interventions associated with no or

minimal bleeding. !
Interruption (3—4 days before surgery), and resumption of VKA without bridging, may be considered to reduce bleeding in patients with b
new-generation aortic MHV and no other thromboembolic risk factors undergoing major non-cardiac surgery or invasive procedures.
Management of antithrombotic therapy in patients with a biological heart valve or valve repair—Section 14.3

Surgical biological heart valve without indication for oral anticoagulation

Lifelong low-dose ASA (75-100 mg/day) may be considered 3 months after surgical implantation of an aortic or mitral BHV in patients Ib
without clear indication for OAC.

Transcatheter aortic valve implantation without indication for oral anticoagulation

DAPT is not recommended to prevent thrombosis after TAVI, unless there is a clear indication. -
Surgical repair without indication for oral anticoagulation

Low-dose ASA (75-100 mg/day) may be considered after surgical MV or TV repair in preference to OAC in patients without clear b
indication for OAC and at high bleeding risk.

Surgical biological heart valve with indication for oral anticoagulation

OAC continuation is recommended in patients with a clear indication for OAC undergoing surgical BHV implantation. |
DOAC continuation may be considered after surgical BHV implantation in patients with an indication for DOAC. IIb
Surgical repair with indication for oral anticoagulation and/or antiplatelet therapy

Continuation of OAC or antiplatelet therapy should be considered after surgical valve repair in patients with a clear indication for an lla
antithrombotic therapy.

Management of mechanical heart valve failure—Section 14.4

Reoperation is recommended in symptomatic patients with significant valve dysfunction not attributable to valve thrombosis. |
Management of valve thrombosis—Section 14.4

TOE and/or 4D-CT are recommended in patients with suspected valve thrombosis to confirm the diagnosis. |

C

4D, four-dimensional; AF, atrial fibrillation; AR, aortic regurgitation; AS, aortic stenosis; ASA, acetylsalicylic acid; AV, aortic valve; BAV, bicuspid aortic valve; BHV, biological heart valve; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; CT, computed tomography; DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; INR, international normalized
ratio; LA, left atrium/left atrial; LAAO, left atrial appendage occlusion; LAVI, left atrial volume index; LV, left ventricle/left ventricular; LVEF, left ventricular ejection fraction; LVESD, left
ventricular end-systolic diameter; LVESD, left ventricular end-systolic diameter indexed to body surface area; MAC, mitral annular calcification; MHV, mechanical heart valve; MR, mitral
regurgitation; MV, mitral valve; OAC, oral anticoagulation; PCl, percutaneous coronary intervention; PH, pulmonary hypertension; PMR, primary mitral regurgitation; RV, right ventricle/right
ventricular; SMR, secondary mitral regurgitation; SPAP, systolic pulmonary artery pressure; TAVI, transcatheter aortic valve implantation; TEER, transcatheter edge-to-edge repair; TMVI,
transcatheter mitral valve implantation; TOE, transoesophageal echocardiography; TR, tricuspid regurgitation; TV, tricuspid valve; VKA, vitamin K antagonist; V., peak transvalvular velocity.

?Class of recommendation.
PLevel of evidence.

© ESC/EACTS 2025
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Table 4 Revised recommendations
Recommendations in 2021 version Class® Level® Recommendations in 2025 version Class® Level®

Management of coronary artery disease in patients with valvular heart disease—Section 6.1

CCTA should be considered as an alternative to CCTA is recommended before valve intervention in

coronary angiography before valve surgery in patients Illa C patients with moderate or lower (<50%) pre-test

with severe VHD and low probability of CAD. likelihood of obstructive CAD.

Coronary angiography is recommended before valve Invasive coronary angiography is recommended before

surgery in patients with severe VHD and any of the valve intervention in patients with high and very high

following: (>50%) pre-test likelihood of obstructive CAD.

« History of cardiovascular disease c c
« Suspected myocardial ischaemia

* LV systolic dysfunction

* In men >40 years of age and post-menopausal women

* One or more cardiovascular risk factors.

Coronary angiography is recommended in the - c Invasive coronary angiography is recommended in the c
evaluation of severe SMR. evaluation of CAD in patients with severe ventricular SMR.

PCl should be considered in patients with a primary PCI may be considered in patients with a primary

indication to undergo TAVI and coronary artery Ila (o indication to undergo transcatheter valve interventions

diameter stenosis >70% in proximal segments. and coronary artery stenosis >70% in proximal

PCl should be considered in patients with a primary segments of main vessels.

indication to undergo transcatheter MV intervention lla C
and coronary artery diameter stenosis >70% in

proximal segments.

Management of atrial fibrillation in patients with native valvular heart disease—Section 6.2

LAAO should be considered to reduce the Surgical closure of the LA appendage is recommended

thromboembolic risk in patients with AF and a lla as an adjunct to OAC in patients with AF undergoing

CHA;DS,-VASc score >2 undergoing valve surgery. valve surgery to prevent cardioembolic stroke and
systemic thromboembolism.

Concomitant AF ablation should be considered in Concomitant surgical ablation is recommended in

patients undergoing valve surgery, balancing the benefits patients undergoing MV surgery with AF suitable for a

of freedom from atrial arrhythmias and the risk factors rhythm control strategy to prevent symptoms and

for recurrence (LA dilatation, years in AF, age, renal recurrence of AF, according to an experienced team of

dysfunction, and other cardiovascular risk factors). a electrophysiologists and arrhythmia surgeons.

Concomitant surgical ablation should be considered in
patients undergoing non-MV surgery with AF suitable
for a rhythm control strategy to prevent symptoms and Ila
recurrence of AF, according to an experienced team of
electrophysiologists and arrhythmia surgeons.

The use of DOAC:s is not recommended in patients The use of DOAC:s is not recommended in patients

C
with AF and rheumatic MS with an MVA <2.0 cm?.

with AF and moderate-to-severe MS.
Indications for surgery in severe aortic regurgitation—Section 7.4

AV repair may be considered in selected patients at AV repair should be considered in selected patients

experienced centres when durable results are C with severe AR at experienced centres, when durable lla
expected. results are expected.
Surgery may be considered in asymptomatic patients

with LVESD >20 mm/m? BSA (especially in patients

AV surgery may be considered in asymptomatic
patients with severe AR and LVESDi >22 mm/m? or
LVESVi >45 mL/m? [especially in patients with small
body size (BSA <1.68 m?)], or resting LVEF <55%, if
surgical risk is low.

with small body size) or resting LVEF <55%, if surgery is
at low risk.

0

Indications for intervention in symptomatic severe aortic stenosis—Section 8.4.1

Intervention is recommended in symptomatic patients Intervention is recommended in symptomatic patients
with low-flow (SVi <35 mL/m?), low-gradient
(<40 mmHg) AS with reduced LVEF (<50%) after

careful confirmation that AS is severe.

with severe low-flow (SVi <35 mL/m?), low-gradient
(<40 mmHg) AS with reduced LVEF (<50%), and
evidence of flow (contractile) reserve.

Continued
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Intervention should be considered in symptomatic
patients with low-flow, low-gradient (<40 mmHg) AS
with normal LVEF after careful confirmation that the AS

is severe.

Intervention should be considered in symptomatic
patients with low-flow (SVi <35 mL/m?), low-gradient
(<40 mmHg) AS with normal LVEF (>50%) after
careful confirmation that AS is severe.

Indications for intervention in asymptomatic severe aortic stenosis—Section 8.5

Intervention should be considered in asymptomatic
patients with severe AS and LV dysfunction (LVEF
<55%) without another cause.

Intervention should be considered in asymptomatic
patients with LVEF >55% and a normal exercise test if
the procedural risk is low and one of the following
parameters is present:

* Very severe AS (mean gradient >60 mmHg or V.,
>5 m/s).

Severe valve calcification (ideally assessed by CCT)

and Vpax progression >0.3 m/s/year.

Markedly elevated BNP levels (more than three times
age- and sex-corrected normal range) confirmed by
repeated measurements and without other
explanation.

lla

lla

Intervention should be considered in asymptomatic
patients with severe AS and LVEF >50%, if the
procedural risk is low and one of the following
parameters is present:

Very severe AS (mean gradient >60 mmHg or V.«
>5.0 m/s).

Severe valve calcification (ideally assessed by CCT)

and Vpax progression >0.3 m/s/year.
Markedly elevated BNP/NT-proBNP levels (more
than three times age- and sex-corrected normal

range, confirmed on repeated measurement without
other explanation).
LVEF <55% without another cause.

Mode of intervention in symptomatic severe aortic stenosis—Section 8.5

The choice between surgical and transcatheter
intervention must be based upon careful evaluation of
clinical, anatomical, and procedural factors by the Heart
Team, weighing the risks and benefits of each approach
for an individual patient. The Heart Team
recommendation should be discussed with the patient
who can then make an informed treatment choice.
TAVI is recommended in older patients (>75 years), or
in those who are high risk (STS-PROM/EuroSCORE I
>8%) or unsuitable for surgery.

SAVR is recommended in younger patients who are low
risk for surgery (<75 years and STS-PROM/
EuroSCORE Il <4%), or in patients who are operable
and unsuitable for transfemoral TAVI.

SAVR or TAVI are recommended for remaining
patients according to individual clinical, anatomical, and
procedural characteristics.

Non-transfemoral TAVI may be considered in patients
who are inoperable and unsuitable for transfemoral
TAVI.

It is recommended that the mode of intervention is
based on Heart Team assessment of individual clinical,
anatomical, and procedural characteristics,
incorporating lifetime management considerations and

estimated life expectancy.

TAVlis recommended in patients >70 years of age with
tricuspid AV stenosis, if the anatomy is suitable.

SAVR is recommended in patients <70 years of age, if
the surgical risk is low.

SAVR or TAVI are recommended for all remaining
candidates for an aortic BHV according to Heart Team
assessment.’™*

Non-transfemoral TAVI should be considered in
patients who are unsuitable for surgery and
transfemoral access.

Indications for intervention in severe primary mitral regurgitation—Section 9.1.4

Surgery should be considered in asymptomatic patients
with preserved LV function (LVESD <40 mm and LVEF
>60%) and AF secondary to MR or PH (SPAP at rest
>50 mmHg).

Surgical MV repair should be considered in low-risk
asymptomatic patients with LVEF >60%, LVESD

<40 mm, and significant LA dilatation (volume

index >60 mL/m? or diameter >55 mm) when
performed in a Heart Valve Centre and a durable repair
is likely.

lla

MV surgery should be considered in asymptomatic
patients with severe PMR without LV dysfunction
(LVESD <40 mm, LVESDi <20 mm/m?, and LVEF
>60%) in the presence of PH (SPAP at rest

>50 mmHg), or AF secondary to MR.

Surgical MV repair should be considered in low-risk
asymptomatic patients with severe PMR without LV
dysfunction (LVESD <40 mm, LVESDi <20 mm/m?,
and LVEF >60%) in the presence of significant LA
dilatation (LAVI >60 mL/m? or LA diameter >55 mm),
when performed in a Heart Valve Centre and a durable

repair is likely.

lla

lla

0

Continued
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TEER may be considered in symptomatic patients who
fulfil the echocardiographic criteria of eligibility, are judged
inoperable or at high surgical risk by the Heart Team, and
for whom the procedure is not considered futile.

Severe ventricular secondary mitral regurgitation and concomitant coronary artery disease—Section 9.2

In symptomatic patients who are judged not

appropriate for surgery by the Heart Team on the basis

of their individual characteristics, PCl (and/or TAVI) lla C
possibly followed by TEER (in case of persisting severe

SMR) should be considered.

TEER should be considered in symptomatic patients
with severe PMR who are anatomically suitable and at
high surgical risk according to the Heart Team.

PCl followed by TEER after re-evaluation of MR may be
considered in symptomatic patients with chronic severe
ventricular SMR and non-complex CAD.

Indications for intervention in severe ventricular secondary mitral regurgitation without concomitant coronary artery disease—Section 9.2

TEER should be considered in selected symptomatic
patients not eligible for surgery and fuffilling criteria
suggesting an increased chance of responding to the

Illa
treatment.

In high-risk symptomatic patients not eligible for surgery
and not fulfilling the criteria suggesting an increased
chance of responding to TEER, the Heart Team may
consider in selected cases a TEER procedure or other
transcatheter valve therapy if applicable, after careful
evaluation for ventricular assist device or heart
transplant.

Valve surgery may be considered in symptomatic

patients judged appropriate for surgery by the Heart C

0

Team.

TEER is recommended to reduce HF hospitalizations
and improve quality of life in haemodynamically stable,
symptomatic patients with impaired LVEF (<50%) and
persistent severe ventricular SMR, despite optimized
GDMT and CRT (if indicated), fulfilling specific clinical
and echocardiographic criteria.

TEER may be considered for symptom improvement in
selected symptomatic patients with severe ventricular
SMR not fulfilling the specific clinical and
echocardiographic criteria, after careful evaluation of
LVAD or HTx.

MV surgery may be considered in symptomatic patients

with severe ventricular SMR without advanced HF who (o

are not suitable for TEER.

Indications for intervention in tricuspid regurgitation in patients with left-sided valvular heart disease requiring surgery—Section 11.4

Surgery is recommended in patients with severe
primary TR undergoing left- sided valve surgery.

Surgery is recommended in patients with severe

secondary TR undergoing left-sided valve surgery.

Surgery should be considered in patients with moderate

C
C

primary TR undergoing left-sided valve surgery. Ila

Surgery should be considered in patients with mild or
moderate secondary TR with a dilated annulus lla
(=40 mm or >21 mm/m? by 2D echocardiography)

undergoing left-sided valve surgery.

Concomitant TV surgery is recommended in patients
with severe primary or secondary TR.

Concomitant TV repair should be considered in
patients with moderate primary or secondary TR, to
avoid progression of TR and RV remodelling.
Concomitant TV repair may be considered in selected
patients with mild secondary TR and tricuspid annulus
dilatation (>40 mm or >21 mm/m?) to avoid

progression of TR and RV remodelling.

Indications for intervention in patients with severe tricuspid regurgitation without left-sided valvular heart disease requiring surgery—

Section 11.4

Transcatheter treatment of symptomatic secondary

severe TR may be considered in inoperable patients at a

Heart Valve Centre with expertise in the treatment of C
TV disease.

Prosthetic valve selection—Section 14.1

A mechanical prosthesis may be considered in patients
already on long-term anticoagulation due to the high C

risk for thromboembolism.

Transcatheter TV treatment should be considered to

improve quality of life and RV remodelling in high-risk

patients, with symptomatic severe TR despite optimal Ila
medical therapy, in the absence of severe RV

dysfunction or pre-capillary PH.

An MHV may be considered in patients with a clear
indication for long-term OAC.

Management of antithrombotic therapy in patients with a mechanical heart valve—Section 14.3

OAC using a VKA is recommended lifelong for all
patients with an MHV prosthesis.

Lifelong OAC with a VKA is recommended for all
patients with MHVs to prevent thromboembolic

complications.

Continued
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For patients with a VKA, INR self-management is
recommended provided appropriate training and
quality control are performed.

In patients with MHVs, it is recommended to (re)initiate
the VKA on the first post-operative day.

In patients who have undergone valve surgery with an
indication for post-operative therapeutic bridging, it is
recommended to start either UFH or LMWH 12-24 h
after surgery.

The addition of low-dose ASA (75-100 mg/day) to
VKA may be considered in selected patients with MHVs
in case of concomitant atherosclerotic disease and low
risk of bleeding.

The addition of low-dose ASA (75-100 mg/day) to
VKA should be considered after thromboembolism

despite an adequate INR.

DOAC:s are not recommended in patients with an
MHYV prosthesis.

lla

INR self-monitoring and self-management are
recommended over standard monitoring in selected,
trained patients to improve efficacy.

Following cardiac surgery with MHV implantation, it is
recommended to start UFH or LMWH bridging and
VKA within 24 h, or as soon as considered safe.

The addition of low-dose ASA (75-100 mg/day) to VKA
should be considered in selected patients with MHVs in
case of concomitant symptomatic atherosclerotic disease,
considering the individual bleeding risk profile.

Either an increase in INR target or the addition of
low-dose ASA (75-100 mg/day) should be considered
in patients with MHVs who develop a major
thromboembolic complication despite documented
adequate INR.

DOACs and/or DAPT are not recommended to
prevent thrombosis in patients with an MHV.

lla C

Management of antithrombotic therapy in patients with mechanical heart valves undergoing elective non-cardiac surgery or invasive

procedures—Section 14.3

It is recommended that VKAs are timely discontinued

prior to elective surgery to aim for an INR <1.5.

In patients with MHVs, it is recommended to (re)initiate

the VKA on the first post-operative day.

Therapeutic doses of either UFH or subcutaneous

LMWH are recommended for bridging.

Bridging of OAC, when interruption is needed, is

recommended in patients with any of the following

indications:

* MHV

+ AF with significant MS

* AF with CHA,DS,-VASc score >3 for women or 2
for men

+ Acute thrombotic event within the previous 4 weeks

* High acute thromboembolic risk.

.n °

0

It is recommended to discontinue VKA at least 4 days
before major elective non-cardiac surgery, aiming for an
INR <1.5, and to resume VKA treatment within 24 h
after surgery, or as soon as considered safe.

VKA interruption and resumption with bridging should
be considered in patients with an MHV and
thromboembolic risk factors undergoing major
non-cardiac surgery.

Management of antithrombotic therapy in patients with a biological heart valve or valve repair—Section 14.3

Lifelong SAPT is recommended after TAVI in patients
with no baseline indication for OAC.

OAC is recommended lifelong for TAVI patients who
have other indications for OAC.

OAC with VKA should be considered during the first

3 months after mitral and tricuspid repair.

Routine use of OAC is not recommended after TAVIin

patients without baseline indication.

lla

.n.-

Management of haemolysis and paravalvular leak—Section 14.4

Decision on transcatheter or surgical closure of
clinically significant PVLs should be considered based on
patient risk status, leak morphology, and local expertise.

lla

Low-dose ASA (75-100 mg/day) is recommended for
12 months after TAVI in patients without indication for
OAC.

Long-term (after the first 12 months) low-dose ASA
(75-100 mg/day) should be considered after TAVI in
patients without clear indication for OAC.

OAC is recommended for TAVI patients who have
other indications for OAC.

OAC, with either VKAs or DOACs, should be considered
during the first 3 months after surgical MV or TV repair.
Routine use of OAC is not recommended after TAVIin

patients without baseline indication.

It is recommended that the decision between
transcatheter or surgical closure of clinically significant
PVLs is based on Heart Team evaluation, including
patient risk, leak morphology, and local expertise.

lla C

lla

Continued
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Transcatheter closure should be considered for suitable Transcatheter closure should be considered for suitable

PVLs with clinically significant regurgitation and/or lla PVLs with clinically significant regurgitation and/or lla

haemolysis in patients at high or prohibitive surgical risk. haemolysis.

Management of biological heart valve failure—Section 14.4

Reoperation is recommended in symptomatic patients Reintervention is recommended in symptomatic

with a significant increase in transprosthetic gradient patients with significant valve dysfunction not
(after exclusion of valve thrombosis) or severe attributable to valve thrombosis.
regurgitation.

Transcatheter, transfemoral valve-in-valve implantation Transcatheter transfemoral valve-in-valve implantation

in the aortic position should be considered by the Heart in the aortic position should be considered in patients

Team depending on anatomical considerations, features lla with significant valve dysfunction who are at
of the prosthesis, and in patients who are at high intermediate or high surgical risk, and have suitable

operative risk or inoperable. anatomical and prosthesis features, as assessed by the
Heart Team.

Transcatheter valve-in-valve implantation in the mitral Transcatheter transvenous mitral or tricuspid

and tricuspid position may be considered in selected valve-in-valve implantation should be considered in

Illa

patients at high risk for surgical reintervention. patients with significant valve dysfunction at intermediate

or high surgical risk, if the anatomy is suitable.
Management of mechanical heart valve thrombosis—Section 14.4

Urgent or emergency valve replacement is Heart Team evaluation is recommended in patients

with acute HF (NYHA class Il or IV) due to obstructive
MHYV thrombosis to determine appropriate

recommended for obstructive thrombosis in critically ill
patients without serious comorbidity.

Fibrinolysis (using recombinant tissue plasminogen management (repeat valve replacement or low-dose
activator 10 mg bolus +90 mg in 90 min with UFH or slow infusion fibrinolysis).
streptokinase 1500 000 U in 60 min without UFH)

should be considered when surgery is not available or is

very high risk, or for thrombosis of right-sided

prostheses.
Management of biological heart valve thrombosis—Section 14.4

Anticoagulation using a VKA and/or UFH is OAC using VKA is recommended in BHV thrombosis

recommended in BHV thrombosis before considering C before considering reintervention.

reintervention.

2D, two-dimensional; AF, atrial fibrillation; AR, aortic regurgitation; AS, aortic stenosis; ASA, acetylsalicylic acid; AV, aortic valve; BHV, biological heart valve; BNP, brain natriuretic peptide;
BSA, body surface area; CAD, coronary artery disease; CCT, cardiac computed tomography; CCTA, coronary computed tomography angiography; CHA,DS,-VASc, congestive heart failure
or left ventricular dysfunction, hypertension, age >75 (doubled), diabetes, stroke (doubled), vascular disease, age 6574, sex category (female); CRT, cardiac resynchronization therapy;
DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; EuroSCORE, European System for Cardiac Operative Risk Evaluation; GDMT, guideline-directed medical therapy; h,
hour; HF, heart failure; HTx, heart transplantation; INR, international normalized ratio; LA, left atrium/left atrial; LAAO, left atrial appendage occlusion; LAVI, left atrial volume index;
LMWH, low-molecular-weight heparin; LV, left ventricle/left ventricular; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic
diameter; LVESD;, left ventricular end-systolic diameter indexed to BSA; LVESVi, left ventricular end-systolic volume indexed to BSA; MHV, mechanical heart valve; min, minute; MR,
mitral regurgitation; MS, mitral stenosis; MV, mitral valve; MVA, mitral valve area; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; OAC,
oral anticoagulation; PCl, percutaneous coronary intervention; PH, pulmonary hypertension; PMR, primary mitral regurgitation; PVL, paravalvular leak; RV, right ventricle/right
ventricular; SAPT, single antiplatelet therapy; SAVR, surgical aortic valve replacement; SMR, secondary mitral regurgitation; SPAP, systolic pulmonary artery pressure; STS-PROM, Society
of Thoracic Surgeons predicted risk of mortality; SVi, stroke volume index; TAVI, transcatheter aortic valve implantation; TEER, transcatheter edge-to-edge repair; TR, tricuspid
regurgitation; TV, tricuspid valve; UFH, unfractionated heparin; VHD, valvular heart disease; VKA, vitamin K antagonist; V .., peak transvalvular velocity.

?Class of recommendation.

®Level of evidence.

An integrated regional Heart Valve Network, incorporating out-
patient Heart Valve Clinics (for initial diagnosis and ongoing surveil-
lance) and specialist Heart Valve Centres (for advanced imaging and
surgical or transcatheter intervention), allows optimal patient care
through timely access to specialist assessment, accurate diagnosis, im-

3. The Heart Team and Heart Valve
Centre

3.1. The Heart Valve Network

© ESC/EACTS 2025
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Despite increasing attention within the medical community, VHD con-
tinues to be underdiagnosed and undertreated in the general popula-
tion, and public awareness remains low.'®""® Beside screening using
auscultation and imaging when appropriate, the co-ordinated imple-
mentation of Heart Teams, Heart Valve Centres, and Heart Valve
Networks at a local level represents an essential step to timely diagnose
and treat patients with VHD.

proved decision-making, and matching of patients to healthcare provi-
ders with appropriate expertise, experience, and resources (Figure 1).12
In addition, dedicated Heart Valve Clinics ensure consistent application
of clinical guidelines, efficient use of resources, and overall high-quality
patient care, which in turn may improve outcomes."*> Medical goals
include careful clinical and echocardiographic evaluation, monitoring
at appropriate time intervals (so-called ‘watchful waiting’), application
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Figure 1 The Heart Valve Network. HF, heart failure; VHD, valvular heart disease.

of guideline-directed medical therapy (GDMT), timely referral, and
post-procedural follow-up.''® Broader aims include patient education,
the training of physicians and nurse specialists, swift and efficient access
to specialist care, and recruitment into clinical trials.

Heart Valve Centres should ensure that their facilities match institu-
tional and local statutory requirements (Table 5), report procedural vo-
lumes and outcomes, and monitor treatment quality. They hold
responsibility for the training and education of surgeons, interventional
and imaging cardiologists, dedicated nurses, and allied professionals.”‘18
Expertise in the surgical management of coronary artery disease
(CAD), vascular diseases, and complications must be available. New
techniques should be taught by trained mentors using simulator mod-
els, when feasible, to minimize learning-curve effects. More broadly,
Heart Valve Centres co-ordinate the management of patients with
VHD across the entire Heart Valve Network, supporting services at
community level, encouraging early referral, and promoting education
and communication with other medical departments, referring cardiol-
ogists, primary care physicians, and rehabilitation clinics.

3.1.1. Composition of the Heart Team

The Heart Team is now an established feature of VHD programmes that
has been formally endorsed by previous ESC/EACTS Guidelines'**® and
corresponding organizations worldwide."”

The value of the Heart Team approach has become increasingly
apparent as options for the treatment of VHD have extended to in-
clude high-risk and inoperable patients (most of whom now undergo
transcatheter interventions), and low-risk and asymptomatic pa-
tients (who derive prognostic benefit from increasingly safe proce-
dures). Despite significant accumulation of data concerning the
management of VHD over the last two decades, many patients in
daily practice have clinical characteristics that do not match those
of participants included in clinical trials. The Heart Team approach
is therefore particularly helpful when there is uncertainty or a lack
of strong evidence.

The Heart Team meeting facilitates balanced presentation of all
appropriate options for medical, interventional, and surgical
treatment, using tools and techniques for shared decision-making.
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The patient’s preference plays a central role in this process, although
the Heart Team recommendation should be based upon key objective
medical considerations (particularly the relative risks and benefits of any
procedure).

Meetings should take place on a regular basis with standardized
minimum datasets (to ensure that all relevant information is avail-
able) and appropriate administrative support (often provided by
specialist nurses with expertise in the care of patients with VHD).
In-person meetings of the full Heart Team may not be feasible for
every patient, and local standardized protocols may be implemen-
ted to facilitate swift decision-making for specific cohorts (e.g. eld-
erly TAVI candidates or young patients with BAV disease). Equally,
the need for Heart Team evaluation should not paralyse clinical
decision-making, and ad hoc discussions remain appropriate in ur-
gent situations.

Core members of the Heart Team include the cardiologist treating
the patient (who is best placed to present their case and act as their ad-
vocate), specialists in advanced cardiovascular imaging and peri-
procedural guiding>""*? surgeons, and interventional cardiologists
with training and expertise in surgical and transcatheter valve proce-
dures. Specialized nursing personnel play an essential role to improve
patient information and education, as well as co-ordinate work-up
and management steps in high-volume centres (Figure 1; Table 5).
Cardiologists with expertise in heart failure (HF) and electrophysiology,
as well as geriatricians, cardiovascular anaesthetists, and intensivists in-
volved in peri-procedural care, should also be available to facilitate the
discussion of particularly complex clinical scenarios when needed (ex-
tended Heart Team) (Figure 1; Table 5).

Table 5 Requirements for a Heart Valve Centre

Requirements

Centre performing heart valve procedures with on-site interventional
cardiology and cardiac surgery departments providing 24-h/7-day services.
Heart Team core members: Cardiologist with imaging expertise,
interventional cardiologist, cardiac surgeon.

Additional specialists, if required (Extended Heart Team):
Specialized nursing personnel, HF specialist, electrophysiologist,
cardiovascular anaesthetist, geriatrician, and other specialists

(e.g. intensive care, vascular surgery, infectious diseases, neurology,
radiology).

The Heart Team must meet on a regular basis and work according to
locally defined standard operating procedures and clinical governance
arrangements.

A hybrid cardiac catheterization laboratory is desirable.

High volume for hospital and individual operators.

Multimodality imaging (including advanced echocardiography, CCT, CMR,
and nuclear techniques) and expertise in peri-procedural imaging guidance of
surgical and transcatheter procedures.

Heart Valve Clinic for outpatient assessment and follow-up.

Data review: continuous monitoring, evaluation, and reporting of procedural
volumes and quality indicators, including clinical outcomes, as well as PROMs
complemented by local/external audits.

Education programmes targeting primary care and referring physicians,

operators, and diagnostic and interventional imaging specialists.

CCT, cardiac computed tomography; CMR, cardiac magnetic resonance; HF, heart failure;
PROM, patient-reported outcome measure.

© ESC/EACTS 2025

3.1.2. Procedural volume and clinical outcomes

The correlation between high institutional (and individual operator)
volume and best procedural outcomes is intuitive, yet complex.
Nevertheless, there is evidence of such a relationship for many cardio-
vascular procedures including SAVR,*** surgical MV repair,?>2® mitral
and tricuspid TEER, 7 and TAVI (particularly in centres with an as-
sociated high-volume SAVR programme).'* Studies have shown
that an annualized operator volume of approximately 25 surgical mitral
valve procedures,® 50 TAVIs (~100 per centre),*® a cumulative ex-
perience of ~50 M-TEER procedures per operator/centre,”” and a
site volume of more than 20 T-TEERs/year° are associated with im-
proved technical and clinical outcomes. Higher institutional surgical
volume is associated with lower complication rates,**>¢ improved
management,®” and better infrastructural support.*®3”

National procedural activity varies widely between high-, middle-, and
low-income countries,40 and it is therefore difficult to provide
recommendations concerning the precise number of institutional or oper-
ator procedures that is required for high-quality care, excellent facilities,
and processes. Instead, a network approach that highlights the importance
of centres performing a high volume of procedures (e.g. based upon quar-
tiles in individual countries or regions) seems more suitable, with complex
procedures concentrated in the centres with the highest volumes (Table 6).

Table 6 Complex procedures ideally performed in the
most experienced Heart Valve Centres

Transcatheter interventions Surgical interventions

Transfemoral TAVI in patients High-risk procedures (especially
in patients with LV and/or RV

impairment)

with high-risk features:
— Low coronary ostia

— Difficult femoral anatomy Redo procedures

— Bicuspid valve Minimally invasive and robotic
— Severe calcification protruding
into the LVOT

Severe LV and/or RV impairment

valve surgery

Complex MV repair
— Barlow disease

— Pure AV regurgitation — Anterior or bileaflet prolapse
— High risk of SAM
— Severe MAC

AV repair

Multiple valve disease

Complex coronary artery disease

Severe extracardiac disease

(e.g. renal failure, PH)
Non-transfemoral TAVI
Valve-in-valve (including
TAV-in-TAV)

All leaflet modification procedures
(BASILICA, LAMPOON etc.)

PVL closure procedures

Complex M-TEER?

Redo M-TEER procedures
Tricuspid or mitral valve-in-ring or

Ross procedure

Valve surgery combined with

complex surgery of the aorta

Endocarditis surgery

valve-in-valve, valve-in-MAC
TMVI
All tricuspid procedures

AV, aortic valve; BASILICA, Bioprosthetic or native Aortic Scallop Intentional Laceration to
prevent latrogenic Coronary Artery obstruction; LAMPOON, Laceration of the Anterior
Mitral leaflet to Prevent Outflow ObstructioN; LV, left ventricular/left ventricle; LVOT, left
ventricular outflow tract; MAC, mitral annular calcification; M-TEER, mitral transcatheter
edge-to-edge repair; MV, mitral valve; PH, pulmonary hypertension; PVL: paravalvular leak; RV,
right ventricular/right ventricle; SAM, systolic anterior movement; TAV, transcatheter aortic
valve; TAVI, transcatheter aortic valve implantation; TMVI, transcatheter mitral valve implantation.
?See Supplementary Table S2.

© ESC/EACTS 2025
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Internal quality assessment (see dedicated document concerning TAVI
from the ESC*"), systematic recording, and public availability of the volume
and outcome data of the performed procedures are essential. Participation
in national or international registries should be encouraged. These consid-
erations are of particular importance regarding asymptomatic low-risk pa-
tients (where low mortality and procedural safety are paramount), those
with multiple comorbidities (where the need for multidisciplinary collabor-
ation is essential), and new techniques with a steep learning curve (where
better results may be obtained at experienced centres).

There is a pressing need to ensure higher dispersion and adoption of
interventions for VHD, especially (but not exclusively) in middle- and
lower-income countries where rheumatic heart disease (RHD) remains
the principal cause of VHD.#*%3 Key strategies include awareness pro-
grammes, increased public and medical education, simplified and im-
proved diagnostic tools, and measures to reduce costs and facilitate
access to evidence-based treatment options.**

4. Imaging of patients with valvular
heart disease

Multimodality imaging is now the standard approach in VHD
management to determine the pathophysiology, assess severity,

plan interventions, and identify complications (Figure 2). The use
of imaging for the assessment of each specific valve lesion is de-
scribed in the corresponding sections. The role of imaging is trans-
versal from diagnosis to follow-up and should encompass an
integrative assessment.

4.1. Initial valve assessment

Comprehensive transthoracic echocardiography (TTE) is the first-line
examination to confirm valve dysfunction, and determine the aetiology,
mechanism, and severity of VHD, as well as cardiac chamber anatomy
and damage.“s‘46 It should be performed by properly trained ima-
gers.*~* Quantitative imaging analysis (as opposed to visual) should
be the goal in all patients with relevant VHD, complemented by quali-
tative and semi-quantitative evaluation. The severity of VHD should be
assessed using an integrative approach of all criteria checked for con-
sistency. When TTE is of poor quality or inconclusive, transoesophageal
echocardiography (TOE) and/or additional diagnostic imaging modal-
ities should be applied (e.g. calcium scoring and anatomy of the
valve using CCT). In specific clinical scenarios [e.g. thrombosis, pros-
thetic valve dysfunction, endocarditis, mitral stenosis (MS), assessment
of MV or TV anatomy], TOE has a central diagnostic role.>*"'

-
Associated diseases
and conditions
Evaluation of VHD Va Assessment of extravalvular
dynamics and variability cardiac consequences from VHD
Planning and guiding of interventions, Evaluation of eligibility for
assessment of complications intervention and risk stratification
TTE TOE
« Diagnosis and quantification of valve « Higher resolution to assess valve
dysfunction anatomy
« Cardiac chamber anatomy and function « Mechanism(s) of VHD
« Cardiac damage and remodelling « 3D visualization of valves
* Follow-up * Guiding of interventions
CcCT CMR
« Cardiac anatomy and access « Chamber volumes and function
« Assessment of calcifications « Regurgitant fraction
* Exclusion of CAD » Myocardial fibrosis
.
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Figure 2 Integrative imaging assessment of patients with valvular heart disease. 3D, three-dimensional; CAD, coronary artery disease; CCT, cardiac
computed tomography; CMR: cardiac magnetic resonance; TOE; transoesophageal echocardiography; TTE, transthoracic echocardiography; VHD,

valvular heart disease.
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Moreover, in patients with regurgitant lesions, particularly AR, CMR has
gained key value in clinical practice.

4.2. Associated diseases and conditions

Imaging plays a crucial role in identifying associated diseases and condi-
tions. The presence of concomitant left ventricular (LV) systolic or dia-
stolic dysfunction, RV systolic dysfunction, red flags indicating
cardiomyopathies (e.g. amyloidosis, hypertrophic cardiomyopathy),
and aortopathy should prompt further examinations to ensure optimal
risk stratification and VHD management. In addition to TTE, advanced
imaging modalities, like CCT, may be required to assess the aorta,
single-photon emission computed tomography (CT) for detection of
ischaemia/necrosis, positron emission tomography (PET) for inflamma-
tion, nuclear scintigraphy for cardiac amyloidosis, or CMR for tissue
characterization.

4.3. Evaluation of valvular heart disease

dynamics and variability

Serial imaging studies to detect changes over time, or variability due to
haemodynamic conditions or initiation/up-titration of medical ther-
apy, are of utmost importance to guide decisions. The dynamic pat-
tern of VHD may convey additional prognostic information.
Exercise echocardiography helps to identify the cause of dyspnoea,
unveil symptoms in apparently asymptomatic patients, identifies dy-
namic changes of VHD severity, and can contribute to refinement
of the indication for an intervention, especially for AS and mitral re-
gurgitation (MR).>?

4.4. Assessment of extravalvular cardiac
consequences from valvular heart disease

Several studies investigating different valve lesions have established
the relevance of extravalvular cardiac damage in terms of progno-
sis,>>7>° recovery after intervention,*® and quality of life.>” The pres-
ence of LV hypertrophy, left atrium (LA) dilatation, LV or RV
dysfunction and/or remodelling, myocardial fibrosis, and pulmonary
hypertension (PH) provide important prognostic information, and
may influence the timing and type of treatment. Although not neces-
sarily chronological in their order of appearance, the understanding
of cardiac damage, particularly damage involving the LV, is essential
to guide appropriate medical therapy before and after any interven-
tion. Transthoracic echocardiography (TTE) including global longitu-
dinal strain (GLS) and CMR can be particularly useful in that
regard.>®¢°

4.5. Evaluation of eligibility, planning, and

guiding of interventions

Transoesophageal echocardiography (TOE) (preferentially 3D) is the
preferred tool for the assessment of suitability for aortic, mitral, and
TV repair.*#%¢1763 Rjsk stratification for an intervention should inte-
grate all the points mentioned above.

Transoesophageal echocardiography (TOE), including standard 3D
views, is also the modality of choice to guide atrioventricular trans-
catheter interventions and should be performed by specially trained
interventional echocardiographers.®™®* Cardiac computed tomog-
raphy (CCT) is frequently used to evaluate the relationship of the

valve with adjacent structures [e.g. coronary arteries and left ventricu-
lar outflow tract (LVOT)], the extension of calcification [e.g. in mi-
tral annular calcification (MAC)], and for sizing of the prosthesis.
CT angiography is frequently employed to evaluate the anatomy
of surgical, arterial, or venous access routes and detect cardiac or
extracardiac complications (e.g. bleeding or embolic events).
Coronary CT angiography (CCTA) is increasingly utilized to assess
the presence of CAD.

5. Clinical evaluation of patients
with valvular heart disease

5.1. Clinical examination

Patients with VHD can be either asymptomatic or present with a wide
spectrum of symptomes, including acute or chronic HF. An initial meticu-
lous history and a comprehensive physical examination of the patient
with auscultation, documentation of clinical signs of HF such as dys-
pnoea, impaired physical capacity and fatigue, peripheral oedema, and
pleural effusion, as well as a systematic frailty assessment, are crucial.®®
In addition, comorbidities and coexisting cardiac conditions should be
documented (Figure 3). Particular attention should be given to recent
changes in symptoms or physical findings indicating a potential worsen-
ing of the valve lesion or ventricular function.

5.2. Assessment of comorbidities and risk
stratification
Risk stratification of patients with VHD has been mainly developed
based on surgical populations. The European System for Cardiac
Operative Risk Evaluation 1l (EuroSCORE 11)*¢%7  (https:/iwww.
euroscore.org) and the Society of Thoracic Surgeons predicted risk
of  mortality  (STS-PROM)  score®®  (http:/riskcalc.sts.org/
stswebriskcalc/calculate) are the most commonly used scoring systems
to estimate surgical risk. Both risk scores have been calibrated to pre-
dict post-operative outcomes.**~”" The STS-PROM score is dynamic to
account for changes in patient risk profiles, the type of procedure (aor-
tic, mitral, and tricuspid), and outcomes over time. The outdated (logis-
tic) EuroSCORE | model systematically overestimated surgical
mortality.”%”2

In patients considered for TAVI, surgical risk scores have lower ac-
curacy and tend to overestimate the risk of events.”>”"> Discrepancies
between observed and predicted peri-procedural mortality after
TAVI using surgical risk scores point towards a need for
TAVI-specific scores. Models predicting short- and medium-term sur-
vival specifically designed for TAVI are rarely used in daily clinical prac-
tice due to limitations of their predictive performance.”®”? Specific
scores have also been developed for patients undergoing mitral
TEER (M-TEER)2%®2 but the high heterogeneity of the population
with MR limits their external validity and therefore routine clinical
use so far.®3 Recently, a dedicated clinical score has been calibrated
and validated to stratify the risk associated with first-time and repeat
isolated TV surgery (TRI-SCORE; https:/www:.tri-score.com/), and its
use should be encouraged for patients with TV disease,*®° as an al-
ternative to the more complex Society of Thoracic Surgeons (STS)
score for isolated TV surgery (https:/isolatedtvsurgcalc.research.sts.
org/).
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Figure 3 Central illustration. Patient-centred evaluation for treatment of valvular heart disease.

Other cardiac conditions and comorbidities—such as CAD, con-
comitant multiple valve and aortic disease, and RV dysfunction, as
well as chronic kidney disease (CKD)—are not always appropriately
captured in risk models, even if they are known to impact outcomes.®
Similarly, specific unfavourable characteristics like porcelain aorta, mo-
bile aortic atheroma, and previous mediastinal radiation therapy in-
crease the surgical risk, and therefore may favour transcatheter
treatment options. Frailty, including nutritional state, represents another
important determinant of outcomes after valve interventions,8 8%
which can be evaluated using appropriate tools as summarized in a re-
cent consensus statement.”® Several methods have been proposed,
from the simple Fried Frailty Index to more complex scores’ such
as the Hospital Frailty Risk Score, which has been validated in a large
cohort of TAVI and M-TEER patients.”

The use of PROMs that engage patients in the co-evaluation of their
health and wellbeing is encouraged. Several scoring systems have been
proposed and validated for reproducibility and association with clinical
outcomes, like the Quality of Recovery 15-item PROM or the Kansas
City Cardiomyopathy Questionnaire (KCCQ).”>~*

5.3. Biomarkers

Biomarker levels indicating either cardiac wall stress [e.g. brain natri-
uretic peptide (BNP)] or myocardial damage (e.g. troponin), in asymp-
tomatic and symptomatic patients, may help to monitor VHD
progress and determine the most appropriate timing of intervention.
In patients with VHD, the natriuretic peptide ratio [the ratio of
measured BNP or N-terminal pro-B-type natriuretic protein
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(NT-proBNP) to upper limit of normal for age, sex, and assay]
has been shown to be a powerful, independent, and incremental
predictor of mortality.”®~*® In patients undergoing AV replacement,
the accumulation of several elevated biomarkers of cardiovascular
stress was associated with higher all-cause and cardiovascular mortal-
ity, and a higher rate of repeat hospitalization.”>*

5.4. Exercise testing

Because of the slow progression of valve lesions, patients may gradually
limit their activity levels over several years and deny having actual symp-
toms that can be unmasked by exercise testing.'> This is particularly im-
portant in cases of AS, because once symptoms occur there is a sharp
increase in the risk of sudden cardiac death, unless a valve intervention
is performed.’®""%* Exercise testing may provide additional informa-
tion about the haemodynamic severity of VHD and help determine
the risk and optimal timing of intervention by objectively evaluating
functional capacity.'""*® Cardiopulmonary exercise testing has a
prognostic role and can assist decision-making in patients with VHD
of intermediate severity, particularly those with asymptomatic
AR 101,105,106

Exercise echocardiography is used for the assessment of LV global
and segmental function, pulmonary artery pressure, and aortic and mi-
tral pressure gradients.m'107 It also documents exercise-induced in-
crease of MR and TR severity, especially in patients with secondary
disease."®®'%? Prognostic impact has been shown mainly for AS and
MR Misconceptions regarding its risk and tolerability contribute
to the overall underuse of exercise testing in patients with VHD,'? des-
pite data confirming its safety in most asymptomatic patients.’'>'"3

5.5. Invasive investigations
5.5.1. Coronary angiography
Coronary artery assessment is recommended to evaluate the need for
revascularization when valve surgery or an intervention is planned. The
information regarding the existence of concomitant CAD should be
available at the time of Heart Team discussion. CCTA is recommended
as an alternative to coronary angiography to rule out CAD in patients
who are at low or moderate risk of obstructive CAD.

Coronary blood flow and fractional flow reserve (FFR) are altered in
the setting of concomitant VHD, and functional haemodynamic assess-
ment of CAD in these patients is not well established."'*"®

5.5.2. Cardiac catheterization

Right heart catheterization (RHC) should be performed in patients with
equivocal echocardiographic findings, particularly those with MV dis-
ease, as well as in all candidates for the treatment of severe TR. In ex-
ceptional cases with unclear AS severity, it can be combined with
measurements of the transaortic gradients allowing estimation of the
aortic valve area (AVA). Right heart catheterization contributes to as-
sess the repercussions of any left-sided VHD or LV impairment on
the pulmonary circulation and right side of the heart. It provides infor-
mation regarding volume state, cardiac output, and vascular resistance,
differentiating between pre- and post-capillary PH, and should be ideally
performed in euvolaemia.

Measurements of the pulmonary capillary wedge pressure v-wave
can inform about MR severity, but are neither sensitive nor specific,
and may also be increased if the compliance of the LA is reduced or
in case of diastolic LV dysfunction, as in patients with MS or chronic
HE.119

Similarly, the height of the right atrium (RA) v-wave, and the pres-
sure curve mimicking the RV pattern (‘ventricularization’ of the RA
pressure), are signs of relevant TR, which are frequently accompan-
ied by increased RV end-diastolic pressure in case of associated RV
dysfunction. In patients with severe TR, pulmonary vascular resist-
ance (PVR) should be calculated to unmask pulmonary vascular dis-
ease, which may not be captured by echocardiography due to RV
systolic dysfunction or underestimation of pulmonary pressures be-
cause of TR

5.6. Patient-centred care and shared
decision-making

Given that treatment of VHD typically involves several modalities and
specialities, and may result in a complex and sometimes time-
consuming decision-making process, patient education and informa-
tion, using online material and face-to-face conversations, are essen-
tial at each step. A clearly defined point of contact for all questions
relating to the disease or type of treatments should be communicated
to the patient and their relatives.'?® The symptomatic and prognostic
benefits, as well as the advantages and disadvantages of any treatment
option, should be presented in an open and evidence-based manner.
This includes mortality and risks of reintervention and complications
(also over the long term), as well as recovery time and the need for
cardiac, and if necessary psychological, rehabilitation until return to
physical activity and work. Other issues to be discussed before the
procedure include the need for oral anticoagulation (OAC) and its
monitoring, as well as the noise generated by mechanical heart valves
(MHVs). Information regarding centre experience and volume for a
specific procedure should be provided. Misconceptions (e.g. subject-
ive overestimation of the risk of surgery) should be addressed and po-
tential interactions with individual lifestyle factors—including social
activities, family and professional life, and hobbies—should be dis-
cussed in detail.

The Heart Team recommendation regarding the treatment and its
modality must be based on evidence and anatomical considerations,
balancing the risks and benefits of available treatment options.'® The
patient and patient’s relatives need to be well informed about the ra-
tionale leading to the Heart Team recommendation, and given ample
time to share personal preferences.’' At the end of the process, a
shared decision is made between the treating team and the informed
patient and relatives (Figure 3).

6. Management of conditions
associated with valvular heart
disease

6.1. Diagnosis and management of
coronary artery disease

The presence of CAD plays an important role in decision-making
regarding the timing and modality of treatment, and should be
assessed before Heart Team discussion. In patients with a low
or moderate pre-test likelihood of obstructive CAD (<50%),
CCTA is recommended to rule out relevant CAD with high sensi-
tivity, 122124

Several studies have investigated the value of CCT angiography for
CAD screening in elderly TAVI candidates. While sensitivity for the de-
tection of obstructive CAD is high (95%—97%), specificity (68%—73%) is
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modest, mainly explained by the high prevalence of coronary artery cal-
cification and AF in patients with severe AS, which limit imaging reso-
lution and interpretability.'*>'?¢ If CCT angiography obtained during
standard pre-TAVI evaluation is of sufficient quality to exclude relevant
CAD, omission of invasive coronary angiography should be consid-
ered,125-129

The value of invasive functional haemodynamic assessment of CAD
in patients with severe AS may be limited, because AS impacts coronary
haemodynamics. Therefore, caution is warranted in the interpretation
of functional measurements in the presence of severe AS until more
data are available."">""®

Recommendations for the management of chronic CAD associated
with VHD are provided below (Recommendation Table 1), as well as in
dedicated guideline documents.® The indications for coronary artery
bypass grafting (CABG) in patients undergoing surgery for the treat-
ment of VHD are mainly based on observational data, which do not
provide detailed information on the degree of stenosis and the com-
plexity of CAD."® It has been demonstrated that subendocardial blood
flow in the myocardium improves early after SAVR, most likely due to
improved cardiac output and reduction of LV wall stress.”®' The pres-
ence of CAD is associated with peri-operative and late adverse events
in patients with AS undergoing SAVR'? that likely outweigh the in-
creased risk of peri-procedural adverse events of combined SAVR
and CABG compared with isolated SAVR. Indeed, in a large observa-
tional study, patients with CAD demonstrated better long-term sur-
vival after combined SAVR and CABG compared with SAVR alone,
despite longer cross-clamp times."? In patients with a primary indica-
tion for valve surgery, CABG is recommended in patients with coron-
ary artery stenosis of >70% and should be considered in those with
stenosis of >50%-70%, given the opportunity of concomitant full
revascularization.

The impact of CAD in patients undergoing TAVI remains under inves-
tigation. The randomized Nordic Aortic Valve Intervention (NOTION)-3
trial compared a strategy of routine percutaneous coronary interven-
tion (PCI) versus conservative management in 455 patients with severe
symptomatic AS undergoing TAVI, who also had stable CAD and at
least one stenosis of >90% based on visual angiographic assessment
or FFR of <0.80 in a segment with >2.5 mm reference diameter.">*
Percutaneous coronary intervention was associated with lower risk
of a composite endpoint event including all-cause death, myocardial in-
farction or urgent revascularization at a median follow-up of 2 years.
Exploratory analyses suggest that the increased risk in the conserva-
tive treatment arm was driven by differences in the risk of myocardial
infarction and urgent revascularization in patients with a diameter
stenosis of >90%, rather than those with positive FFR and stenosis
of <90%. The risk of bleeding was higher in the PCl than in the conservative
treatment group. Another multicentre RCT, the PercutAneous Coronary
inTervention prlor to transcatheter aortic VAlve implantaTION
(ACTIVATION) trial, was discontinued due to slow recruitment.’3*
In this underpowered and thus inconclusive trial, a routine PCl strategy
of >70% stenoses in main epicardial vessels (or >50% if protected left
main or vein graft) did not meet non-inferiority compared with conserva-
tive CAD treatment with respect to the composite of all-cause death and
rehospitalization; moreover, PCl was associated with higher bleeding
rates. Observational data show that TAVI can be performed safely in pa-
tients with untreated CAD with low short- and long-term rates of acute
coronary syndrome and unplanned coronary revascularization.'>>~"3°
In two recent meta-analyses of mostly observational data, PCl was not
associated with a mortality benefit in patients with chronic CAD
undergoing TAVI.#0141

Optimal timing of PCl in patients undergoing TAVI remains yet to
be determined. In NOTION-3, PCl was performed before TAVI in
the majority of the patients (concomitantly or shortly after in only
26% of the patients). Decision-making concerning the timing of
PCI should take into account the type of valve used for TAVI and
the complexity of the coronary lesions."**'*3 Valves with a high
frame—particularly in the context of a narrow aortic root, commis-
sural misalignment, or valve-in-valve procedures—can pose chal-
lenges for coronary access following TAVL'**'* The presence
of significant CAD should therefore be considered for optimal
transcatheter valve selection and reinforces the importance of opti-
mized implantation technique and commissural alignmen'c.143'146
Several RCTs comparing the value and timing of PCl with
medical therapy are ongoing (NCT04634240, NCT04310046, and
NCT05078619).

Based on the available data, PCl should be considered in patients with
a primary indication to undergo TAVI and high-grade (>90%) coronary
artery stenosis in large vessels of >2.5 mm. In patients with stenosis of
>70%, PCl may be considered based on symptom status."**'* In pa-
tients with ischaemic ventricular SMR, surgical revascularization of
CAD has been associated with MR reduction'*” and favourable clinical
outcomes in observational studies."*®'*? According to very limited
data, improvement of SMR may occur in a minority of patients (about
one-third) after PCI, which may therefore be considered prior to MV
intervention.°

For patients with VHD presenting with acute coronary syndrome,
treatment decisions should be made according to the most recent
ESC Guidelines."" In patients presenting with non-ST-segment eleva-
tion acute coronary syndrome, it may be particularly challenging to
determine the leading cause of elevated troponin levels, which are
also frequently observed in decompensated VHD. Therefore, the
treatment strategy should be determined by the Heart Team, taking
into account symptoms, as well as coronary, valve, and access
anatomy, 36138139

Recommendation Table 1 — Recommendations for the
management of chronic coronary syndrome in patients
with valvular heart disease (see also Supplementary
data online, Evidence Table 1)

Recommendations Class® Level®

Diagnosis of coronary artery disease

CCTA is recommended before valve intervention in

patients with moderate or lower (<50%) pre-test | B
likelihood of obstructive CAD."**™"**

Invasive coronary angiography is recommended
before valve intervention in patients with high and
very high (>50%) pre-test likelihood of obstructive
CAD.

Invasive coronary angiography is recommended in
the evaluation of CAD in patients with severe 1 C
ventricular SMR.

Omission of invasive coronary angiography should be
considered in TAVI candidates, if procedural planning lla B
CT angiography is of sufficient quality to rule out

significant CAD."%7'%?

Continued
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Indications for myocardial revascularization

CABG is recommended in patients with a primary
indication for valve surgery and coronary artery 1
stenosis >70%.

CABG should be considered in patients with a
primary indication for valve surgery and coronary Illa
artery stenosis >50%—70%.

PCI should be considered in patients with a primary
indication to undergo TAVI and >90% coronary

lla
artery stenosis in segments with a reference

diameter >2.5 mm."3*

PCl may be considered in patients with a primary
indication to undergo transcatheter valve

IIb
interventions and coronary artery stenosis >70% in

proximal segments of main vessels,'3>137

CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCTA, coronary
computed tomography angiography; CT, computed tomography; PCI, percutaneous
coronary intervention; SMR, secondary mitral regurgitation; TAVI, transcatheter aortic
valve implantation.

?Class of recommendation.

®Level of evidence.

“Stenosis >50% can be considered for left main stenosis.

6.2. Atrial fibrillation

The interplay between AF and VHD is complex, and has an essential
role in the prognosis and evolution of VHD during the patient’s lifetime.
Valvular heart disease is independently associated with AF and almost
one-third of patients with AF have a history of VHD."** Conversely,
AF is the main trigger of the development of atrial secondary MR and
TR. In a recent cohort study, 8% of individuals with AF developed mod-
erate or severe TR within 3 years of follow-up compared with only 2%
in those in sinus rhythm.153 While disturbed annular dynamics have
been |:>ostulz:1ted,1‘r’°'154 the exact pathophysiology leading to secondary
atrioventricular VHD in some, but not all patients with AF remains
largely unclear.

Detailed recommendations on the anticoagulation management of
patients with VHD and AF are provided below (Recommendation
Table 2) and in Section 14, as well as in specific Guidelines.” Patients
with a combination of VHD and AF have a high incidence of thrombo-
embolic or bleeding complications.”>> DOACs have replaced vitamin K
antagonists (VKAs) in most clinical scenarios and are recommended for
patients with VHD presenting with AF, except for patients with a MHV
or mitral stenosis with a valve area <2.0 cm”. The use of apixaban,’®
dabigatran,157 edoxaban,'®® and rivaroxaban'®? is supported by sub-
group analyses of large RCTs. Recommendations regarding the antith-
rombotic treatment of patients with MHVs and biological heart valves
(BHVs) are described in Section 14 of these Guidelines.

In the Left Atrial Appendage Occlusion Study (LAAOS) Il trial, sur-
gical left atrial appendage occlusion (LAAO) in patients with AF and a
CHA;,DS,-VASc [congestive heart failure or left ventricular dysfunc-
tion, hypertension, age >75 (doubled), diabetes, stroke (doubled), vas-
cular disease, age 65—74, sex category (female)] score of >2 points
undergoing cardiac surgery was associated with a 33% reduction of
the risk of stroke or systemic embolism at a mean follow-up of
3.8 years."®® These findings were confirmed by a large meta-analysis in-
cluding four RCTs."®" A subanalysis of LAAOS Ill showed that the bene-
fit of LAAO remains consistent irrespective of the use of VKAs or
DOAGCs, as well as in the absence of OAC (although representing

© ESC/EACTS 2025

only 10% of the included population).'®? In an RCT including patients
with severe AS and AF undergoing TAVI, concomitant transcatheter
LAAQO was non-inferior to medical therapy with respect to a composite
primary endpoint including all-cause mortality, stroke, and major bleed-
ing at 2 years. Of note, rates of major or life-threatening bleeding were
similar in the two groups and arterial or venous thromboembolisms
more frequent in the TAVI/LAAO arm, leaving uncertainty regarding
the usefulness of combining both procedures,’?

Recommendation Table 2 — Recommendations for the
management of atrial fibrillation in patients with native
valvular heart disease (see also Supplementary data
online, Evidence Tables 2 and 3)

Level®

Class®

Recommendations

Anticoagulation

DOAC:s are recommended for stroke prevention in
preference to VKAs in patients with AF and AS, AR,
or MR who are eligible for OAC, 156159164

The use of DOAC:s is not recommended in patients
with AF and rheumatic MS with an
MVA <2.0 cm*'¢?

Surgical interventions

Concomitant surgical ablation is recommended in
patients undergoing MV surgery with AF suitable for a
rhythm control strategy to prevent symptoms and
recurrence of AF, according to an experienced team of
electrophysiologists and arrhythmia surgeons.”’s’1 73
Surgical closure of the LA appendage is
recommended as an adjunct to OAC in patients with
AF undergoing valve surgery to prevent |
cardioembolic stroke and systemic

thromboembolism.'¢%-162

Concomitant surgical ablation should be considered
in patients undergoing non-MV surgery with AF
suitable for a rhythm control strategy to prevent lla
symptoms and recurrence of AF, according to an
experienced team of electrophysiologists and

: 167,169,174,175
arrhythmia surgeons. ®""®”

AF, atrial fibrillation; AR, aortic regurgitation; AS, aortic stenosis; DOAC, direct oral
anticoagulant; LA, left atrium/left atrial; MR, mitral regurgitation; MS, mitral stenosis; MV,
mitral valve; MVA, mitral valve area; OAC, oral anticoagulation; VKA, vitamin K antagonist.
Class of recommendation.

®Level of evidence.

6.3. Cancer and radiation therapy

Valvular heart disease is commonly associated with cancer and repre-
sents a well-known long-term side effect of intensive radiation ther-
apy'’® for treatment of Hodgkin or non-Hodgkin lymphoma, breast
cancer, and other thoracic malignancies.'”” Clinically significant VHD
most commonly appears decades after radiotherapy. The incidence
of radiation-induced VHD is increasing owing to longer survival of pa-
tients with cancer. Risk factors are summarized in Supplementary data
online, Table $1. Patients at risk should be screened for VHD using TTE
10 years after radiation exposure and followed up every 5 years
thereafter.'’®

© ESC/EACTS 2025
GZ0Z JaquianoN G| uo 1sanb Aq g8y EZ8/v6 LIBYS/ieayina/ea0L 0L /I0p/a|o1ie-aoueApe/flueayina/woo dno-olwapeose//:sdiy Woll papeojumoc]


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf194#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf194#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf194#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf194#supplementary-data

24

ESC Guidelines

Radiotherapy may lead to aortic and/or valvular calcification, CAD of
proximal segments, restrictive cardiomyopathy, pericardial adhesions
and calcifications with constriction, restrictive lung disease, chest wall
scarring, and impaired wound healing, especially in patients who under-
went radiation by means of older techniques (>20 years ago). The above
factors complicate any surgical approach and increase the operative risk,
which is underestimated by traditional risk scores.'”*~"®" TAVI is pro-
posed as an alternative for patients presenting with radiation-induced
AS in the 2022 ESC Guidelines on cardio-oncology'®? based on favourable,
but limited, observational data,'®*'8* because this category of patients
has been excluded from RCTs."®3"8* Furthermore, M-TEER in patients
presenting with radiation-induced MV disease with MR is often limited
by thickened leaflets with restricted movement and subsequent risk of
iatrogenic stenosis.

In patients with active or stable cancer and severe AS, both TAVI and
SAVR can be considered based on life expectancy, age, prognosis, and
disability following cancer treatment, with a trend towards more TAVI
utilization."®® TAVI procedural complication rates appear similar com-
pared with those of control subjects without cancer.'® To avoid futil-
ity, treatment decisions discussed by the Heart Team should involve the
treating oncologists.> '

6.4. Prophylaxis of rheumatic fever

Rheumatic heart disease remains the most common cause of death
from VHD worldwide."® Prevention should preferentially target the
first occurrence of acute rheumatic fever. Correct diagnosis and early
antibiotic treatment of group A Streptococcus throat or skin infection
is key for primary prevention. Large-scale screening combined with
prophylaxis in children or adolescents with latent RHD appears to be
an effective strategy to reduce the risk of disease progression and
RHD prevalence.'®®'%° |n patients with established RHD, secondary
long-term prophylaxis with benzathine benzyl penicillin 1.2 million
international units (IU) every 3—4 weeks over 10 years is recom-
mended to prevent recurrent episodes, especially in children and ado-
lescents. Long-term prophylaxis into adulthood should be considered
in high-risk patients according to the severity of VHD and exposure
to group A Streptococcus.'®""%?

6.5. Cardiogenic shock and acute heart
failure
Acute presentation or decompensation of VHD can result in cardio-
genic shock due to rapid haemodynamic deterioration and altered car-
diac function. Alternatively, pre-existing VHD can be a bystander of an
acute cardiovascular condition further exacerbating circulatory impair-
ment until the occurrence of cardiogenic shock. In this setting, assess-
ment of the severity of VHD, as well as its contribution to acute HF,
may be difficult. Evidence concerning acute VHD management in this
context is scarce and only exists for the MV and Ay 193194

Hospital admission for acute decompensated AS is a frequent prob-
lem seen in up to 25% of AS hospitalizations.'”*'”® However, only a mi-
nority of these patients (1.6%-3.2%) present with cardiogenic
shock.'”1%® While intensive care treatment remains the cornerstone
of haemodynamic stabilization and support, an intervention should be
considered early, because it represents the only way to reverse pro-
gressive organ dysfunction due to low cardiac output. Balloon aortic
valvuloplasty has been used in this context in the past, but has been
largely replaced by TAVI in recent years, due to the high risk of severe
AR and mortality in the acute se‘c‘cing.wg’201 Several large observational
studies have established the feasibility of TAVI in patients with

cardiogenic shock with similar device success, even if LVEF is low, al-
though 30-day mortality remains higher (13%—19%) compared with
routine TAVL'7*1%71%8 Syreery represents the preferred treatment
in patients with acute AR, while TAVI has only been described in indi-
vidual cases or patients with a failed surgical valve (valve-in-valve). Fast
pacing over a temporary pacemaker lead shortens the diastole and may
temporarily improve haemodynamics until the intervention.>®

Except for papillary muscle rupture, acute PMR rarely leads to car-
diogenic shock and may be best treated by surgical valve repair or re-
placement. In contrast, increasing evidence supports the use of
M-TEER in patients with acute ventricular SMR, particularly following
acute myocardial infarction, due to lower mortality compared with sur-
gery or medical treatment in propensity-matched z:1na|yses.194’2°2'203
This strategy might also be helpful to facilitate weaning from mechanical
circulatory support.

6.6. Palliative care

In some patients with advanced VHD not qualifying for surgical or
transcatheter therapies, medical HF treatment remains the only, and
sometimes best, available option. These patients usually present late,
have extensive cardiac damage, develop terminal HF during the natural
evolution of VHD, and are ineligible for mechanical circulatory support
or heart transplantation (HTx). Early implementation of expert multi-
disciplinary palliative and end-of-life care, with the support of HF spe-
cialists,?>*2%® reduces the number of hospitalizations and improves
quality of life and symptom burden, in particular dyspnoea, pain, and
anxie‘cy.207 Continuous co-ordination between all involved subspecial-
ties, and transparent communication with the patient and their rela-
tives, are key to ensure high quality of care.

7. Aortic regurgitation

7.1. Prevalence and aetiology

Chronic AR is mainly due to intrinsic abnormalities of the AV cusps and/
or secondary to progressive dilatation of the aortic root and/or ascend-
ing aorta. In high-income countries, degenerative changes are the lead-
ing cause of AR, while RHD is more frequent in middle- and
low-income countries.'* Acute presentations are usually related to in-
fective endocarditis or extension of aortic dissection into the aortic
root. Chronic pure severe AR is more frequent in men and is associated
with BAV and concomitant dilatation of the aorta in more than one-half
of cases.*®

7.2. Evaluation

During stepwise AR evaluation, the following aspects should be ad-
dressed: the severity of AR, its mechanism, and aetiology; the haemo-
dynamic impact on LV function and pulmonary pressure; and
evaluation of the ascending aorta. While echocardiography is the first-
line modality, CMR and CCT are more accurate for the measurement
of specific parameters (Figure 4). The results of the evaluation need to
take into consideration the haemodynamic condition of the patient,
particularly the blood pressure (BP), since high pressures can lead to
overestimation of the regurgitant volume (RVol).

Assessment of AR severity with TTE follows an integrative approach
considering qualitative, semi-quantitative, and quantitative parameters,
but remains challenging.* Consequences of AR on LV size and function
must be carefully assessed. Cut-offs for intervention are mostly
based on two-dimensional (2D) echocardiographic measurements.
However, 3D echocardiography and CMR allow more accurate
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evaluation of LV volumes and LVEF than 2D echocardiography, and are
useful in borderline cases (Figure 4).*%° Strain imaging can be helpful in
identifying subclinical LV dysfunction®*~2""
the optimal timing of intervention. Reduced longitudinal strain and con-
tractile reserve at stress echocardiography,'?
(BNP),2'32'* and the presence of myocardial fibrosis detected by
CMR need to be integrated in the decision-making process, even if

and can therefore influence

elevated biomarkers

Given its close relationship with AV function, accurate measure-
ments of the aortic diameter are required at all levels: the annulus,
sinuses of Valsalva, sinotubular junction, and ascending aorta.821>216
The largest diameter is used to indicate the specific aortic pheno-
type: root phenotype, ascending phenotypes, and extended or
mixed forms (see Supplementary data online, Figure S1).2 The mech-
anism of AR and aortic diameters determine suitability for AV spar-

not entirely validated yet.?*

ing or repair.zw'z18

Assessment of AR e

Criteria for
severe AR

—>  Mechanism

= LVdamage

Qualitative

e Abnormal valve morphology
e Flail cusp
* Large coaptation defect

Semi-quantitative

» Vena contracta >6 mm

e PHT <200 ms

» Large central jet (=65% of LVOT diameter)

» Holodiastolic flow reversal in descending
aorta (EDV =20 cm/s)

Quantitative

1
v v
« EROA >30 mm?2
¢ RVol =60 mL/beat
e RF >50% (echo)

RF >40% (CMR)

 Cusp prolapse
 Cusp retraction
e Cusp perforation

Aortic dilatation
with cusp CCT
malcoaptation

LVEF2 CMR
« LVESDI < J
« LVESVi@

@ESC @EACTS

Figure 4 Imaging assessment of patients with aortic regurgitation. AR, aortic regurgitation; CCT, cardiac computed tomography; CMR, cardiac mag-
netic resonance; EDV, end-diastolic velocity; EROA, effective regurgitant orifice area; LV, left ventricle/left ventricular; LVEF, left ventricular ejection
fraction; LVESD;, left ventricular end-systolic diameter indexed to body surface area; LVESVi, left ventricular end-systolic volume indexed to body sur-
face area; LVOT, left ventricular outflow tract; PHT, pressure half-time; RF, regurgitant fraction; RVol; regurgitant volume. *See Recommendation Table 3

for specific cut-offs.
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The morphology of the AV represents a critical aspect in the diagno-
sis and treatment of AR. Pure AR in the context of BAV uncommonly
manifests with normal aortic diameters, being more often associated
with a dilated ascending aorta and/or root. It is important to define
the valve phenotype to determine the repair probability and long-term
result of AV repair or AV-sparing procedures. The degree of symmetry
is an important predictor of BAV reparability with better long-term re-
sults in more symmetric phenotypes.?'*2%!

7.3. Medical therapy

Medical therapy, especially angiotensin-converting enzyme-inhibitors
(ACE-Is) or dihydropyridine calcium channel blockers, may provide
symptomatic improvement in individuals with chronic severe AR for
whom surgery is not feasible or contraindicated. The value of ACE-Is
or dihydropyridines in delaying surgery in the presence of moderate
or severe AR in asymptomatic patients has not been established, and
their use is not recommended for this indication. The use of beta-
blockers increases the length of the diastole and therefore the RVol,
and should be used with caution if indicated for another reason.
However, beta-blockers can be used along with ACE-Is or angiotensin
receptor blockers (ARBs) after surgery, if indicated (systolic HF or
heart rate control).zzz'223

7.4. Indications for intervention
Acute severe AR usually requires immediate surgery depending on the
aetiology, such as infective endocarditis or spontaneous, traumatic,
or iatrogenic aortic dissection.>® Surgery for the treatment of chronic
severe AR is indicated depending on symptoms and/or the effects of
the RVol on LV size and function (see Recommendation Table 3 and
Figure 5). The presence of associated aortic dilatation dictates surgery,
irrespective of AR severity. When the patient is symptomatic and AR
severe, surgery is recommended unless the anticipated surgical risk is
prohibitive.>**2%® Concomitant surgical treatment of severe AR
is also recommended, irrespective of symptoms, in patients requiring
CABG, ascending aorta surgery, or any other cardiac surgical
procedures.zzg'230

For the asymptomatic patient with severe AR, indications for
surgery are based on the degree of functional impairment of the
LV [LVEF <50%, left ventricular end-systolic diameter (LVESD)
>50 mm, or left ventricular end-systolic diameter indexed to body sur-
face area (BSA) (LVESDi) >25 mm/m?, especially in those with small
BSA (BSA <1.68 m?) and elderly patients with low ventricular compli-
ance] 26228231234 [t 5y rgery is deemed low risk, there is observational
evidence from echocardiographic studies that early intervention might
be beneficial for long-term prognosis when LVEF is <55%, LVESDi is
>22 mm/m?, and/or left ventricular end-systolic volume indexed to
BSA (LVESVi) is >45 mL/m22**23? A volumetric cut-off value of
LVESVi >43 mL/m? using CMR was recently proposed to guide the
management of asymptomatic patients®*®?*" and appears to have bet-
ter predictive value than LV diameter.”*? Surgery may also be discussed
in selected low-risk asymptomatic patients with significant LV dilatation
(left ventricular end-diastolic diameter >65 mm) and progressive in-
crease of LV diameters and/or decrease of LVEF during follow-up.
Exercise testing should be performed, when feasible, in patients with
severe AR who do not report symptoms and do not meet criteria
for surgery.”"?

AV replacement is still the standard surgical approach in most AR
cases (see Section 14.1 regarding prosthesis type considerations).
However, owing to a better understanding of the pathophysiology of

the aortic root (see Supplementary data online, Figure S7) paralleled
with favourable long-term results, valve-sparing aortic root replace-
ment (VSARR) and AV repair are increasingly performed in centres
with appropriate expertise (Figure 5).2**2°° In patients with root en-
largement and good tissue quality (i.e. pliable AV cusps with normal mo-
tion), a valve-sparing procedure has been demonstrated to be superior
to the use of a composite valve graft (Bentall procedure) in terms of
long-term mortality and overall morbidity (thromboembolism and
endocarditis, with similar need for reoperation),**2°32%7257 and
should be therefore favoured by experienced centres, in particular
in patients with an estimated long life expectancy.258 Valve preserva-
tion or valve repair should also be considered for patients with BAV
based on age, anatomical presentation, and centre experience
(Figure 5). 220245246259

When performed by experienced surgeons in well-selected young
individuals, pulmonary autograft implantation (Ross operation) may
also be a good alternative to prosthetic valve replacement,?¢%-2¢3

TAVI may be considered at experienced centres for selected patients
with AR who are ineligible for surgery. The use of non-dedicated trans-
catheter valves for this indication is off-label and associated with an in-
creased risk of valve malpositioning and residual AR, with consecutively
higher rates of second valve implantation (about 10%) or surgical con-
version, as compared with TAVIin AS.>**2¢8 Dedicated devices appear
to minimize the risk of valve migration and residual AR in selected pa-
tients, but are associated with a high new permanent pacemaker im-
plantation rate (24%).2¢"~°

Aortic dilatation is closely linked to AR. Dedicated ESC Guidelines
give guidance regarding the evaluation and management of aortic
root and ascending aortic dilatation.? The aortic phenotype (see
Supplementary data online, Figure S1), degree and rate of progression
of aortic dilatation, and the underlying aetiology all affect timing of sur-
gery, with the main indication being maximum aortic diameter.?’%-2"2
Dilation of the aortic root, which typically occurs in Marfan syndrome
and other patients with connective tissue disease, has a worse progno-
sis compared with isolated dilatation of the ascending aorta and re-
quires closer surveillance.”’°%’ Surgery is recommended in all
patients with a maximal aortic root or ascending aneurysm diameter
of >55 mm. In the presence of additional risk factors, a threshold of
50 mm may be considered for selected low-risk patients treated at ex-
perienced centres.® If the patient has an established indication for AV
surgery (due to AR or AS), concomitant surgery of the aortic root
or the ascending aorta should be considered at a diameter of
>45 mm. This threshold has been more clearly demonstrated in pa-
tients with BAV and should also be based on the patient’s height>’®
or specific intraoperative findings, such as the shape and thickness of
the aortic wall.

7.5. Follow-up
A multimodality imaging approach*?”* and biomarkers like BNP*'321*
might help identify patients at increased risk of LV damage early
and guide the appropriate timing of intervention. Yearly follow-up is re-
commended in asymptomatic patients with severe AR. Closer follow-
up (3—6 months) is recommended for those approaching thresholds
for surgery, or showing a progressive dilatation of the LV or decrease
of LVEF. Cardiac magnetic resonance can be especially useful in such
a setting. Patients with moderate AR should be followed on a yearly ba-
sis, with echocardiography performed every 2 years.

When a dilated ascending aorta is initially diagnosed by TTE, a multi-
slice electrocardiographic-triggered CCT/CMR scan is recommended
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é_o Severe AR

Symptoms

o]

®

v

LVEF <50% or
LVESD >50 mm
or LVESDi >25 mm/m?

LVEF <55% or
LVESDi >22 mm/m?
or LVESVi >45 mL/m?

o/

AV surgery
(Class lIb)

v

Follow-up

-

Patient with AR
Significant aortic root enlargement? w
r Significant AR
VSARR Good tissue quality
Team expertise
Young patient
Bentall VSARR
and AV repair
Eligible for surgery® o @ N
v
Good tissue quality
> Team expertise
Young patient
v
A
AV repair TAVI
Sl (Class lla) ' (Class lIb) |
—

@esc @EACTS

Figure 5 Management of patients with aortic regurgitation. AR, aortic regurgitation; AV, aortic valve; LVEF, left ventricular ejection fraction; LVESD,
left ventricular end-systolic diameter; LVESD], left ventricular end-systolic diameter indexed to body surface area; LVESVi, left ventricular end-systolic
volume indexed to body surface area; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve replacement; VSARR, valve-sparing aor-
tic root replacement. *Indications for surgery on the root/ascending aorta are described in the 2024 ESC Guidelines for the management of peripheral
arterial and aortic diseases.® "Concomitant replacement of the aortic root or ascending aorta should be considered if the maximal diameter is
>45 mm and the predicted surgical risk is low.
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to confirm maximal diameter, rule out isolated single sinus dilatation,
and provide a baseline reference. When the baseline aortic diameter
is >45 mm, a second TTE examination is recommended at 6 months
to confirm the stability of the finding, followed by serial examinations
on a yearly basis thereafter.””> Any increase of >3 mm should be vali-
dated by CT angiography/CMR and compared with baseline data.”’®
After repair of the ascending aorta, patients with Marfan syndrome
and other connective tissue diseases remain at risk for dissection of un-
treated portions of the aorta, and require lifelong regular multidisciplin-
ary follow-up at an expert centre.?

7.6. Special patient populations

Patients with concomitant VHD and those with AS combined with AR
are discussed in Section 13.3.3. In patients with moderate AR and indica-
tion for CABG or MV surgery, the decision to treat the AV should be
discussed by the Heart Team based on the aetiology of AR and other
clinical factors, like the estimated life expectancy and the operative risk,
as data show that progression of moderate AR may be very slow.>’®

The presence of aortic dilation and AR in asymptomatic patients
poses the problem of limiting the level of physical activity, but consist-
ent data are lacking. Current recommendations for participation in
competitive sport are restrictive, especially regarding isometric exer-
cise in patients with connective tissue disease,277 while a more liberal
approach is likely to be appropriate in other patients.

Given the familial risk of thoracic aortic aneurysms, screening with
appropriate imaging studies and testing for genetic abnormalities in
first-degree relatives is indicated in patients with connective tissue dis-
ease.”’® Since aortic dilation is present in ~10% of first-degree relatives
of patients with a BAV, it is also considered appropriate to encourage

echocardiographic screening in this specific population.?”*”®

Recommendation Table 3 — Recommendations on in-
dications for intervention in severe aortic regurgitation
(see also Supplementary data online, Evidence Tables 4-8)

Recommendations Class® Level®

Severe aortic regurgitation

AV surgery is recommended in symptomatic patients
with severe AR regardless of LV function.?**2%
AV surgery is recommended in asymptomatic
patients with severe AR and LVESD >50 mm or
LVESDi >25 mm/m? [especially in patients with small | B
body size (BSA <1.68 m?)] or resting

LVEF <509, 226228231233234

AV surgery is recommended in symptomatic and

asymptomatic patients with severe AR undergoing | C
CABG or surgery of the ascending aorta.

AV repair should be considered in selected patients

with severe AR at experienced centres, when lla B
durable results are expected,?202#>246.25?

AV surgery may be considered in asymptomatic patients

with severe AR and LVESDi

>22 mm/m? 2622831234 o | VESVI® >45 mL/m”

[especially in patients with small body size (BSA

<1.68 m*)],2*2*" or resting LVEF <55%, if the surgical

risk is low.

I1b B

Continued

TAVI may be considered for the treatment of severe
AR in symptomatic patients ineligible for surgery

1Ib B
according to the Heart Team, if the anatomy is

. 9
Sultab|6.264’265'268'26

Concomitant surgery of the ascending aorta

Valve-sparing aortic root replacement is
recommended in young patients with aortic root
dilatation at experienced centres, when durable
results are expected,>*:250-253:255

When AV surgery is indicated and the predicted
surgical risk is low, replacement of the aortic root or

lla C
ascending aorta should be considered if the maximal

diameter is >45 mm.¢

AR, aortic regurgitation; AV, aortic valve; BSA, body surface area; CABG, coronary artery
bypass grafting; CMR, cardiac magnetic resonance; LV, left ventricle/left ventricular; LVEF,
left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVESD, left
ventricular end-systolic diameter indexed to BSA; LVESVi, left ventricular end-systolic
volume indexed to BSA; TAVI, transcatheter aortic valve implantation.

?Class of recommendation.

®Level of evidence.

“Using echocardiography or CMR.

9dConsidering age, BSA, the aetiology of the valvular disease, the presence of a bicuspid AV,
and the intraoperative shape and thickness of the ascending aorta.

8. Aortic stenosis

8.1. Prevalence and aetiology

Even if AS is the most common primary valve lesion referred for inter-
vention in Europe and North America,12 underdiagnosis and under-
treatment remain relevant concerns.'® Degenerative pathogenesis
with cusps calcification is most common in developed countries and
prevalence is rising rapidly because of the ageing population.'"'*'8”
BAVs, or more rarely unicuspid AVs, are prone to earlier degeneration,
constitute the dominant valve morphology in younger patients requir-
ing AV replacement, and are frequently associated with dilatation of the
aortic root or ascending aorta.®®>?®" |n low- and middle-income coun-
tries, rheumatic aetiology remains frequent and AS usually presents
combined with rheumatic MV disease.”®>

8.2. Evaluation

8.2.1. Echocardiography and cardiac computed
tomography

Aortic stenosis is a disease slowly evolving from mild to severe valve
obstruction as a consequence of increasing valve fibrosis and calcifi-
cation, although progression accelerates as haemodynamic severity
increases.

Echocardiography is key to confirm the diagnosis and allows compre-
hensive assessment of the anatomy and severity of stenosis. Evaluation
of the haemodynamic consequences on cardiac function and geometry,
and the detection of aortic pathology or concomitant valve disease,
provide important prognostic information that may influence manage-
ment.®* Staging of extravalvular damage has been proposed,>® but
it may be difficult to attribute other cardiac abnormalities to AS itself,
because comorbidities are frequent in patients with AS and the
observed damage may not occur in the expected chronological se-
quence. However, the detection of concomitant cardiac conditions
[e.g. HF with preserved EF (HFpEF), amyloidosis, or hypertrophic

© ESC/EACTS 2025
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cardiomyopathy] may help to optimize medical treatment before and
after valve intervention, 2828

Current European recommendations for the echocardiographic
grading of AS rely on measurement of the mean pressure gradient
(most robust parameter), peak transvalvular velocity (Vmax), and effect-
ive AVA. Although AVA is theoretically the ideal parameter for asses-
sing severity, there are numerous technical limitations associated with
its calculation.”®*?%”

Aortic stenosis may be further categorized according to flow state
based on stroke volume index (SVi) when there is discordance between
echocardiographic parameters (Figure 6). A threshold of 35 mL/m? is
conventionally accepted to discern low from normal flow, although
sex-specific thresholds have been proposed.””

Concordant criteria:
High-gradient AS [mean gradient >40 mmHg, V.. >4.0m/s, AVA
<1 cm? (or <0.6 cm*/m?)] is considered severe irrespective of LV

function and flow conditions.

Discordant criteria:

Low-flow, low-gradient AS with reduced LVEF

(mean gradient <40 mmHg, AVA <1 cm?, SVi <35 mUm?, LVEF <50%).
Low-flow, low-gradient AS with preserved LVEF

(mean gradient <40 mmHg, AVA <1 cmz, SVi<35 mL/mz,
LVEF >50%).

Normal-flow, low-gradient AS with preserved EF

(mean gradient <40 mmHg, AVA <1 cm?, SVi>35 mL/m?,
LVEF >50%).

Discordant high-gradient AS (mean gradient >40 mmHg,
AVA >1 cm?).

Patients with discordant normal-flow, low-gradient AS usually have
moderate stenosis.””>™ Discordant high-gradient AS is considered
severe if not caused by a reversible high-flow status.2?¢~2%8

In patients with low-flow, low-gradient AS with reduced LVEF, dobu-
tamine stress echocardiography (DSE) can help to discriminate be-
tween pseudo-severe and true severe AS in the presence of flow
reserve (increase in stroke volume of >20%).28%%%?

Cardiac computed tomography calcium AV scoring is readily avail-
able and provides important adjunctive information in patients with
low-flow, low-gradient AS because it correlates with haemodynamic
severity, progression, and clinical outcomes.>*®*°" Values of >2000
Agatston units (AU) in men and >1200 AU in women indicate severe
AS with high sensitivity and specificity (~85%).3°**% While higher
thresholds (men >3000 AU, women >1600 AU) are very specific, se-
vere AS becomes unlikely in patients with calcium AV scoring of
<1600 AU in men and <800 AU in women,*#*3923% Caytious inter-
pretation is required in patients who can develop severe AS without
pronounced AV calcification such as in BAV, concomitant amyloidosis,
and predominantly fibrotic stenosis associated with post-rheumatic,
radiation-induced and inflammatory disease. 3%

In low-flow, low gradient AS with reduced LVEF, CCT AV calcium
scoring and DSE provide complementary information. If findings are
equivocal, an integrated assessment considering all available clinical,
morphological, and haemodynamic factors is required.

8.2.2. Additional diagnostic and prognostic
parameters

The ratio of the LVOT to the AV Doppler jet velocity time integral
(VTI, dimensionless index or velocity ratio) does not require

calculation of LVOT area and may assist evaluation when other para-
meters are equivocal (<0.25 suggests that severe AS is highly likely).**”

Assessment of GLS can be useful for risk stratification®'® and evalu-
ation of extravalvular cardiac damage.3"""? It provides additional infor-
mation regarding LV function and a threshold of —15% may contribute
to identifying patients with severe asymptomatic AS at increased risk of
clinical deterioration or premature mortality.>”

Estimated valvuloarterial impedance has been shown to be prognostic
of adverse clinical outcomes before and after valve replacement.?'3—1>

Transoesophageal echocardiography (TOE) allows morphological
evaluation of the valve, planimetry of AVA and assessment of potential sub-
valvular obstruction (unless there is acoustic shadowing caused by calcifi-
cation), and evaluation of concomitant valve disease, and can be of value for
peri-procedural imaging in challenging clinical or anatomical scenarios.®'®

Natriuretic peptides can be used to arbitrate the sources of symp-
toms in patients with multiple potential causes and help to identify
those with high-risk asymptomatic AS who may benefit from early
intervention.””>"”

Exercise testing can unmask symptoms and haemodynamic intolerance
(fall in BP>20 mm Hg) and is recommended for risk stratification in
asymptomatic patients with severe AS.'*3'® Exercise echocardiography
may provide additional prognostic information by assessing the increase in
mean pressure gradient and change in LV function.*' Cardiopulmonary
exercise testing, eventually complemented by echocardiography, can
help to uncover cardiac dysfunction in asymptomatic patients, discrimin-
ate cardiac from pulmonary limitation or deconditioning in patients with
non-specific symptoms, and inform risk stratification,’106320321

Cardiac magnetic resonance is used to identify altered global LV
geometry due to remodelling, as well as to quantify myocardial scarring
and diffuse fibrosis, which are associated with the occurrence of ad-
verse events. 3?2324

Transthyretin cardiac amyloidosis may coexist with AS in elderly pa-
tients and the two conditions may causally interrelate.*>> When transthyr-
etin cardiac amyloidosis is suspected, the presence of monoclonal protein
in serum and urine should be excluded using immunofixation and quanti-
tative determination of free light chains, and diagnosis ascertained by
means of diphosphonate scintigraphy.*?® Despite the limited long-term
prognosis associated with cardiac transthyretin amyloidosis, patients
with concomitant severe AS usually benefit from valve intervention.*”’

LV catheterization is not recommended unless there are symptoms
and signs of severe AS, and non-invasive investigations are inconclusive.

8.2.3. Procedural planning
Cardiac computed tomography is key to determining suitability for
TAVI and planning the procedure. It is the preferred imaging tool to as-
sess AV anatomy including annulus size, dimensions of the aortic root
and ascending aorta, the extent and distribution of valve and LVOT cal-
cification, the distance of coronary ostia from the annular plane, optimal
fluoroscopic projections for transcatheter valve deployment, and the
feasibility of vascular access.**3283%?

Transoesophageal echocardiography (TOE), which is more operator-
dependent and does not allow assessment of coronary and peripheral
vascular anatomy, or CMR may be considered when CCT is difficult to in-

terpret or relatively contraindicated (e.g. in patients with renal failure) 33%3%!

8.3. Medical therapy

No medical therapies have been shown to influence the natural
history of AS to date. Neither statins, which demonstrated
favourable effects in pre-clinical studies,**>33* nor substances
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Figure 6 Integrative imaging assessment of patients with aortic stenosis. AS, aortic stenosis; AU, Agatston units; AV, aortic valve; AVA, aortic valve
area; AVAI; aortic valve area indexed for body surface area; AVCS, aortic valve calcium score; CCT, cardiac computed tomography; CT, computed
tomography; DSE, dobutamine stress echocardiography; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract; MRI, magnetic
resonance imaging; mean PG, mean pressure gradient; SVi, stroke volume indexed for BSA; TOE, transoesophageal echocardiography; TTE, transthor-
acic echocardiography; Vimax peak transvalvular velocity. ?In particular, verify LVOT diameter and multiwindow Doppler interrogation. "High flow may
be reversible (anaemia, hyperthyroidism, or arteriovenous fistulae). Upper limit of normal flow using pulsed Doppler: cardiac index 4.3 L/min/m?, SVi
58 mL/m2.2%8 “Available evidence refers to patients with preserved LVEF. Check for bradycardia or uncontrolled hypertension, which may lead to pro-
longed ejection time and reduced flow rate. Depending on symptoms, integrated assessment complemented by CCT AV calcium scoring may be pur-
sued. 9Flow reserve: >20% increase in stroke volume in response to low-dose dobutamine or if change in stroke volume of 10%-20%, calculate
projected AVA. 282270 €if one test is not conclusive, complement diagnostics with the other test. ‘Based on clinical judgement (typical symptoms without
other explanation), morphological valve changes, LV hypertrophy (in absence of coexistent hypertension), and consistent findings using different modes
of assessment [TTE and TOE, invasive assessment, AV planimetry by CT or MRI (cut-off 1.2 cm?)]**",
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targeting calcification pathways alter disease progression.335’336

Coexistent hypertension should be treated to avoid additional after-
load, preferably using renin-angiotensin system blockers, although
careful titration is required to avoid symptomatic hypotension.*3’

In patients with symptomatic severe AS and HF, initiation of medical
therapy or temporary improvement in symptoms should not delay
intervention. Medication frequently requires re-adjustment following
valve intervention and preventive therapies should be implemented
according to current Guidelines**® In patients with persisting HF
and/or reduced LVEF, medical therapy should be introduced before
and up-titrated after valve intervention according to the current HF
Guidelines.*3?3%

8.4. Indication for intervention
8.4.1. Symptomatic severe aortic stenosis
Symptomatic severe AS has an unfavourable prognosis if left untreated,
and early intervention is strongly recommended in all patients with an
estimated life expectancy exceeding 1 year'® (Figure 7).

Intervention is recommended in all eligible symptomatic patients
with high-gradient severe AS. However, management of patients with
low-gradient AS is more challenging:

Low-flow, low-gradient AS with reduced LVEF: reduced LV func-
tion usually improves after intervention if it is predominantly
caused by excessive afterload.>*'** However, improvement is
unlikely if the primary cause is fibrosis due to myocardial infarction
or cardiomyopathy. Intervention is recommended when severe AS
is confirmed by CCT (calcium scoring) or stress echocardiog-
raphy,341 while patients with pseudo-severe AS should receive
GDMT.33?3* Although the absence of flow reserve is associated
with increased surgical and long-term mortality, both modes of
intervention improved LVEF and clinical outcomes in observational
studies, 341:342345-347

Low-flow, low-gradient AS with preserved LVEF: outcomes are im-
proved with intervention (either TAVI or SAVR) compared with
medical treatment alone in patients with low-flow, low-gradient AS
and preserved LVEF.>*83%? |ntervention should therefore be consid-
ered in patients with symptoms after careful confirmation that AS is
severe.

Normal-flow, low-gradient AS with preserved LVEF: prognosis
of these patients is similar to that of moderate AS. Unless
multimodality diagnostic evaluation clearly suggests severe
AS, regular echocardiographic surveillance is
recommende

clinical and
d,293.294.350

8.4.2. Asymptomatic severe aortic stenosis

Up to 40% of patients with severe AS do not report symptoms at the
time of diagnosis.351'352 In roughly one-third of these, exercise testing
can uncover symptoms or reduced exercise capacity attributable to
AS,192103318 4nd such patients should be treated as symptomatic.
However, exercise testing is not always feasible because of frailty or im-
paired mobility.>>* Intervention is recommended in asymptomatic pa-
tients with severe AS and an LVEF of <50% without another
cause,'*102318319354360 £ patients with severe high-gradient AS
and no adverse prognostic features, close active clinical surveillance,
so-called ‘watchful waiting’, has previously been the default manage-
ment strategy. However, four RCTs comparing early AV intervention
with clinical surveillance suggest that early intervention should be
considered as an alternative in patients at low procedural risk,360-363

This approach is reinforced if additional adverse prognostic features
(very high Viae#2°33%* elevated natriuretic peptides,”’173633¢¢ ¢
vere valve calcification,*®**¢* rapid V,,. progression,®*33¢* or LVEF
of <55%'*3°#3°6735%) are present. Restricted local resources (that
may impede close surveillance) or long waiting lists (that preclude
prompt treatment when symptoms develop) are further arguments fa-
vouring an early intervention.

The Evaluation of TAVR Compared to Surveillance for Patients with
Asymptomatic Severe Aortic Stenosis (EARLY TAVR) trial®*® rando-
mized 901 patients to early TAVI or clinical surveillance and demonstrated
a reduction of 50% in the primary composite endpoint of all-cause mor-
tality, stroke, or unplanned hospitalization for cardiovascular causes asso-
ciated with pre-emptive intervention.**® The result was driven by 26.2%
of the patients in the clinical surveillance group who converted to TAVI
within 6 months of randomization due to the development of symptoms
or adverse prognostic factors. There was no significant difference in
strokes and all-cause mortality over 5-year follow-up.

In the Early Valve Replacement Guided by Biomarkers of LV
Decompensation in  Asymptomatic Patients with Severe AS
(EVoLVeD) RCT, which included 224 asymptomatic patients with se-
vere AS and myocardial fibrosis (late gadolinium enhancement on
CMR), early valve intervention (with SAVR or TAVI) failed to reduce
the incidence of all-cause death or unplanned AS-related hospitalization
compared with clinical surveillance.**' However, the study was under-
powered and the median time to intervention was prolonged to
5 months in the experimental arm.

Two previous smaller trials compared early SAVR with clinical
surveillance. In the Randomized Comparison of Early Surgery vs
Conventional Treatment in  Very Severe Aortic Stenosis
(RECOVERY) trial (145 patients), there was a reduction in all-cause
mortality following early SAVR over a mean follow-up of 6.2 years.>®?
In the Aortic Valve Replacement Versus Conservative Treatment
in Asymptomatic Severe Aortic Stenosis (AVATAR) trial (157
patients), a reduction in the composite primary endpoint was noted
after a mean follow-up of 2.5years with a significant reduction in
HF hospitalizations and mortality at long-term foIIow-up.363'367
Limitations of these surgical studies included their small sample sizes,
enrolment of selected young populations at low surgical risk (mean
ages 64 and 67 years, respectively), and inclusion of patients with most-
ly very severe AS.

A meta-analysis of the four RCTs showed that early intervention is
associated with a significant reduction in unplanned cardiovascular or
HF hospitalization and stroke, but not all-cause or cardiovascular mor-
tality. Limitations of this analysis include the heterogeneity of the
pooled trials and lack of granularity with respect to specific events ow-
ing to the study-level analysis.368

Additional RCTs (NCT04204915 and NCT03972644) will further
inform and refine the management of patients with severe asymptom-
atic AS.

e-

8.4.3. Moderate aortic stenosis

Surgical intervention for moderate AS should only be performed in pa-
tients undergoing CABG,*®® surgery of the ascending aorta or other
valve disease (see Section 13). There is evidence of an association be-
tween moderate AS and adverse outcomes in patients with and with-
out HF with reduced EF (HFrEF),3”°72 but it is unknown whether
this is causal or related to comorbidities. In an early terminated trial ran-
domizing 178 patients with moderate AS and HFrEF to TAVI or clinical
surveillance, no differences with respect to hard clinical endpoints were
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- Severe valve calcification© and Vs progression >0.3 m/s/year
« Elevated BNP or NT-proBNP levels attributable to AS¢

« LVEF <55% attributable to AS

- Exercise test with sustained fall in BP >20 mmHg
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Figure 7 Management of patients with severe aortic stenosis. AS, aortic stenosis; AVCS, aortic valve calcium score; BNP, brain natriuretic peptide; BP,
blood pressure; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SAVR, surgical aortic valve replace-
ment; TAVI, transcatheter aortic valve implantation; V., peak transvalvular velocity. ®Integrative imaging assessment of AS (Figure 6). "Confirmed
by a normal exercise test, if feasible. “AVCS >2000 in men, >1200 in women. “More than three times age- and sex-corrected normal range.
®Educate patient and reassess at least every 6 months (or promptly if symptoms occur). Heart Team assessment based upon individual patient factors
(Figure 9; Recommendation Table 4). Dashed arrow only applies to asymptomatic patients.
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Figure 8 Aortic valve treatment options. OAC, oral anticoagulation; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve

implantation.

found, while patients undergoing TAVI had improved quality of
life (change in KCCQ of 12.8 +21.9 points vs 3.2 +22.8 points;
P=0.018).>"? Ongoing trials are expected to provide new insights
(NCT04889872 and NCT05149755).

8.5. Treatment options

The mode of AV intervention depends on the estimated life expect-
ancy, expected prosthesis durability, patient preference, and specific
trade-offs associated with different treatment options (Figure 8).
Most patients with AS undergoing valve intervention in Europe and
North America receive a BHV (by either SAVR or TAVI).3"* BHVs
do not require long-term anticoagulation but have limited durability
that varies between devices and is inversely associated with age.>’®
MHVs are durable but require long-term anticoagulation, with asso-
ciated thromboembolic and bleeding risks.26%37¢ |n general, an MHV
should be preferred in patients aged <60 years and a BHV in patients
aged >65 years in aortic position (see Section 14.1).

The Ross procedure (replacement of the AV with the patient’s pul-
monary autograft combined with homograft pulmonary valve
replacement) is associated with excellent long-term survival when per-
formed in selected patients at centres with high expertise,2¢%:2¢3:377:378
Although a valuable surgical option in young patients with prolonged life
expectancy in whom anticoagulation is undesirable or contraindicated,
it is associated with procedural complexity and the need for reinterven-
tion in ~15% of patients within 15 years (Figure 8).263‘377

Balloon aortic valvuloplasty may be rarely considered as a bridge to
TAVI or SAVR in carefully selected patients with decompensated AS,
and in those with severe AS who require urgent high-risk non-cardiac
surgery (NCS) (see Section 15.2.1). The procedure carries significant
risks of acute complications.

A substantial increase in the number of patients undergoing AV inter-
vention has been observed over the past decade as a consequence of the
introduction of TAVI, improved diagnostic techniques, and evolving indi-
cations for intervention,>”380-383 Nevertheless, there is still wide vari-
ation in worldwide access to TAVI as a result of high device costs in
comparison with surgical prostheses and variation in healthcare re-
sources and reimbursement systems between countries.*®*3% In add-
ition, registries suggest that late referral and undertreatment remain

frequent.12'387

8.5.1. The mode of intervention in candidates for a
bioprosthesis

The two modes of BHV replacement, TAVI and SAVR, have been com-
pared in RCTs across the spectrum of surgical risk in predominantly
elderly patients with tricuspid AS.

In patients unsuitable for surgery, TAVI was superior to medical
therapy with a number-needed-to-treat of five to prevent one death
at 1-year follow-up.*®8 Subsequently, RCTs showed non-inferiority of
TAVI compared with SAVR in patients at high,389*391 intermedi-
ate,>*23%3 and low surgical risk,"3743%° with comparable longer-term
outcomes demonstrated during follow-up periods ranging from 4 to
10 years.>*3%¢3%8 Of note, the majority of patients included in
RCTs were male, while patients with low-flow low-gradient AS or ad-
verse anatomical characteristics (including BAVs or complex CAD)
were excluded per protocol.

Meta-analyses of RCTs show a risk reduction in all-cause death and
disabling stroke with TAVI in low-risk patients at 1 year, but no differ-
ences to SAVR at longer-term follow-up or in patients at intermediate
or high surgical risk.*>*%° The early benefit of TAVI in low-risk patients
has since been corroborated in the investigator-initiated Randomized,
Multicenter, Event-Driven Trial of TAVI vs SAVR in Patients with
Symptomatic Severe Aortic-Valve Stenosis (DEDICATE), which met
its non-inferiority target with a composite of death and stroke rate at
1 year of 5.4% in the TAVI group vs 10.0% in the SAVR group [hazard
ratio (HR), 0.53; 95% confidence interval (Cl), 0.35-0.79] and all-
cause death rates of 2.6% and 6.2% (HR 0.43; 95% Cl, 0.24-0.73),
respectively.3?

Rates of vascular complications and paravalvular leak (PVL) are con-
sistently higher after TAVI despite refined transcatheter heart valve
(THV) designs, whereas severe bleeding, acute kidney injury, and new-
onset AF are more frequent after SAVR 24399401 Eyen though PVL has
been associated with adverse clinical outcomes,****%? it does not seem
to impact the comparison of clinical outcomes between TAVI and
SAVR in RCTs.>*3%

New pacemaker implantations are more frequent after TAVI, par-
ticularly when using self-expanding valves.>***%%* Conflicting data exist
regarding the long-term impact of new pacemaker implantation or
new-onset left bundle branch block following AV intervention, #0547
Patients undergoing TAVI have quicker recoveries, shorter hospital
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stays, and more rapid improvements in quality of life compared with
those who undergo SAVR. 12408407

Available data do not suggest systematic differences in durability be-
tween the two treatment modalities. Randomized controlled trials and
observational studies have reported comparable rates of BHV failure re-
lated to SVD with transcatheter and surgical valves up to 10 years. 23?841
However, potential selection and survival bias, the use of variable defini-
tions of SVD, limited follow-up durations, differential attrition
rates,>*3%6%% competing risk of death, and the use of multiple valve
types in the surgical arms of RCTs may limit direct comparison.*!’

Although conclusive evidence is still lacking, concomitant non-
complex CAD can be addressed either by CABG or PCI, while
complex CAD favours CABG (see Section 6.1). In the only RCT com-
paring these two strategies, the transcatheter valve and vessels
(TCW) trial, randomization of patients with severe AS and concomi-
tant CAD to FFR-guided PCl plus TAVI resulted in fewer deaths and
major bleeding events compared with combined SAVR plus CABG at
12 months.*'? However, inferences from trial results are limited due
to early termination, modest sample sizes, event rates deviating from
those observed in registries and other RCTs, and a low prevalence of
complex CAD.

8.5.1.1. Age and life expectancy

The relationship between estimated life expectancy and prosthetic heart
valve durability determines the likelihood of a future reintervention.
Although life expectancy may be a theoretically better guide than age
alone for treatment decisions, it is difficult to estimate for an individual pa-
tient owing to large geographical (https:/ghdx.healthdata.org/record/
ihme-data/gbd-2019-life-tables-1950-2019) and interindividual variabil-
ity.*'3 In combination with cardiac and extracardiac comorbidities, as
well as anatomical factors, age contributes to risk estimation and repre-
sents a pragmatic surrogate for life expectancy. In addition, age thresholds
characterize the populations enrolled in RCTs better than life expectancy.
It is notable that younger patients with AS seem to have lower life expect-
ancy than the general population despite valve replacement, whereas life
expectancy almost normalizes after treatment in older cohorts.*'*4°
While several trials compared TAVI with SAVR in study populations
aged 70-85 years accross the surgical risk spectrum, the representation

of patients aged <70 years in RCTs is low and therefore evidence
limited, 1394395416

8.5.1.2. Anatomical features
The advantages of TAVI demonstrated in RCTs are largely confined to
patients treated via the transfemoral approach.*®’ While SAVR remains
the preferred treatment option when iliofemoral artery disease pre-
cludes transfemoral TAVI, TAVI via a non-transfemoral access (transax-
illary, transcarotid, transcaval, transinnominate, or transapical)
constitutes an alternative supported by observational data in patients
unsuitable for surgery.*'” %3

Other anatomical factors that favour SAVR or led to exclusion of pa-
tients from RCTs comparing TAVI with SAVR are (Figure 9):

Aortic annular dimensions that lie outside sizing recommendations
for currently available transcatheter devices.

Excessive or bulky calcifications of the annulus or LVOT, which in-
crease the risk of PVL and annular rupture.*?*#%°

Increased risk of coronary obstruction with TAVI (cusp height greater
than coronary height in combination with shallow sinuses of Valsalva,
or high calcium burden of corresponding cusp).329

In contrast, anatomical findings such as porcelain aorta, severe chest
deformation, or intact grafts post-CABG favour TAVI. Right anterior
thoracotomy or upper hemisternotomy are minimally invasive access
alternatives to sternotomy for performing SAVR, which are being
used with increasing frequency.*2¢+%

In BAV patients, severe AS usually occurs earlier compared with tri-
cuspid AV and is frequently associated with aortopathy.?'?281428
Prevalence of BAV anatomy sharply increases in younger AS pa-
tients.**” BAV anatomy adds complexity to TAVI because of asymmet-
ric AV calcification and elliptical annular shape, as well as the lack of
standardization of valve sizing.

Patients with BAV have been excluded from almost all landmark
RCTs comparing TAVI with SAVR to date. 73 |n the NOTION 2
trial, the composite of all-cause death, stroke, or valve- or HF-related
rehospitalization was numerically more frequent (seven vs two events)
at 1 year in the underpowered subgroup of 100 patients with BAV (HR,
3.8;95% Cl,0.8-18.5; P = 0.07).416 Whereas some observational studies
report favourable outcomes with TAVI in selected BAV patients, %3
others suggest higher stroke, annular rupture, and PVL rates as com-
pared with TAVI in tricuspid AS.*** Heavy cusp calcification, particularly
in conjunction with a calcified raphe, is associated with increased risk
of aortic root injury, PVL, and mortality after TAVI.*** Data on TAVI
in two-sinus BAV (Sievers type 0) are scarce.”'**3

For the above-mentioned reasons, SAVR remains the primary mode
of treatment for stenotic BAV, particularly if patients are young or have
coexistent aortopathy or unfavourable valve morphology. TAVI may be
considered in patients at increased surgical risk, if anatomy is suitable.

Patients with small annuli in relation to their body stature are at in-
creased risk of prosthesis—patient mismatch (PPM) after valve replace-
ment. Annular enlargement allows for implantation of larger BHVs
with SAVR. Given its technical complexity it should be performed
in experienced centres, and the benefit must be balanced against a
possibly higher risk of operative mortality.**® Prostheses with
supra-annular design reduce PPM risk with TAVI, although randomized
long-term data evaluating the impact on clinical outcomes or valve
durability are pending.>*+#37:438

8.5.1.3. Lifetime management
Decision-making concerning the mode of intervention and type of
prosthesis needs to integrate expected valve durability, and the poten-
tial risks of future reinterventions (Figure 9). Surgical THV explantation
followed by SAVR is a rare (<1% of all TAVI procedures) but technically
challenging procedure.¥**=**" Although its incidence among patients
undergoing TAVI is stable, absolute numbers are increasing due to
the total increase in TAVI procedures performed and the peri-
operative risk remains high (early mortality rates as high as 12%—
17%).44°**> The majority of surgical THV explantations are performed
in patients at high surgical
non-SVD-related indication for reintervention (frequently endocardi-
tis) within 2 years after TAV| 404427444

Implanting a transcatheter aortic valve inside a surgical (TAV-in-SAV)
or prior transcatheter valve (TAV-in-TAV) is associated with lower
peri-procedural risk compared with redo SAVR**¢™' However,
valve-in-valve implantation (particularly TAV-in-SAV) increases the
risk of severe PPM,**® which has been linked to adverse outcomes in
observational studies.**>~*** In addition, valve-in-valve implantation im-
mobilizes the leaflets of the failed prosthesis in an open position, creat-
ing a covered tube (or neo-skirt) that may cause direct coronary
obstruction in patients with shallow sinuses of Valsalva or indirect

risk with urgent or emergent,
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Figure 9 Factors to be considered when selecting the mode of intervention for aortic stenosis. CAD, coronary artery disease; LV, left ventricular;
LVOT, left ventricular outflow tract; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; THYV, transcatheter heart
valve; VHD, valvular heart disease. LV thrombus and infective endocarditis are relative contraindications to TAVI and are therefore not listed.
PParticularly relevant for patients in whom the anticipated life expectancy is thought to exceed valve durability.

coronary flow obstruction as a result of sinus sequestration if the as-
cending aorta is narrow and the neo-skirt reaches the sinotubular
junction.“se’457

The risk of coronary obstruction varies considerably depending on
the index valve type, and is particularly increased if a stentless SAV or
stented SAV with externally mounted leaflets is in place.**” The risk
of sinus sequestration at the time of TAV-in-TAV implantation is par-
ticularly increased in supra-annular valves with a high neo-skirt. **8*?
Even if coronary flow is preserved, coronary access may be difficult
or impossible in a relevant proportion of patients after valve-in-valve
implantation, especially after TAV-in-TAV.*0-2

In patients who require a reintervention due to dysfunction of a sur-
gical or transcatheter bioprosthesis, but are at increased risk of severe
PPM or coronary obstruction, redo SAVR may be preferable despite
the increased surgical risk. Fracture of surgical valves and leaflet modi-
fication techniques have been proposed for patients at high surgical risk

and, if contemplated, should be performed in carefully selected patients
at experienced centres (Table 6).‘“’3'464

The need for a meticulous CT-based anatomical analysis is para-
mount in patients with an estimated life expectancy exceeding the
assumed valve durability to anticipate future risks at the time of
the index valve intervention. Based on individual assessment, the
following measures should be considered with respect to lifetime
management:

* Use of surgical and transcatheter valves with proven long-term dur-
ability to reduce the likelihood of reintervention,>*373410:411:465-467

» SAVR with aortic root enlargement or implantation of a supra-annular
transcatheter valve in patients with a small annulus at risk of severe
PPM based on the predicted effective orifice area (EOQA), 36438468469

* No implantation of stentless prostheses or prostheses with external-
ly mounted leaflets in patients at risk of coronary obstruction during
future TAV-in-SAV implantation.**’
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Anticipation of the feasibility and risks of a possible future TAV-in-TAV
procedure considering related technical aspects at the index TAVI
(device choice, neo-skirt height, commissural alignment, and implant-
ation depth).*47°

Considering life-time management aspects and the scarcity of rando-
mized data in patients younger than 70 years, SAVR remains the pre-
ferred treatment in patients <70 years of age if surgical risk is low.
TAVI is recommended as the primary treatment modality in elderly pa-
tients >70 years of age with a tricuspid AV, if anatomy is suitable and

transfemoral access is feasible, to reduce the risk of early adverse out-
comes and accelerate recovery.

For all other candidates for a bioprosthesis, the most appropriate
mode of intervention should be carefully selected by the Heart
Team, taking into account procedural risk based on anatomical charac-
teristics and comorbidities, expected outcomes, lifetime management
considerations, and patient preference (Figure 9; Recommendation
Table 4). Recommendations for concomitant valve replacement at
the time of CABG or ascending aortic surgery are listed in
Recommendation Table 5.

Recommendation Table 4 — Recommendations on indications for intervention in symptomatic and asymptomatic severe
aortic stenosis, and recommended mode of intervention (see also Supplementary data online, Evidence Tables 9-13)

Recommendations Class® Level®
Symptomatic patients with severe aortic stenosis
Intervention is recommended in symptomatic patients with severe, high-gradient AS [mean gradient >40 mmHg, V. >4.0 m/s, | B
AVA <1.0 cm? (or <0.6 cm?/m? BSA)]388471-474
Intervention is recommended in symptomatic patients with low-flow (SVi <35 mL/m?), low-gradient (<40 mmHg) AS with reduced LVEF I B
(<50%) after careful confirmation that AS is severe 3#2343:346.348:475
Intervention should be considered in symptomatic patients with low-flow (SVi <35 mL/m?), low-gradient (<40 mmHg) AS with normal lla B
LVEF (>50%) after careful confirmation that AS is severe.© 273348349476-481
Asymptomatic patients with severe aortic stenosis
Intervention is recommended in asymptomatic patients with severe AS and LVEF <50% without another cause."*3>+3? 1 B
Intervention should be considered in asymptomatic patients (confirmed by a normal exercise test, if feasible) with severe, high-gradient AS lla -
and LVEF >50% as an alternative to close active surveillance, if the procedural risk is ey, RS
Intervention should be considered in asymptomatic patients with severe AS and LVEF >50% if the procedural risk is low and one of the
following parameters is present:
« Very severe AS (mean gradient >60 mmHg or Vinax >5.0 m/s),! 362363482484
« Severe valve calcification (ideally assessed by CCT) and Vinax progression >0.3 m/s/year, 203323364 lla B
* Markedly elevated BNP/NT-proBNP levels (more than three times age- and sex-corrected normal range, confirmed on repeated

measurement without other (—:‘xplana‘cion).w365
« LVEF <55% without another cause.'*3%%3%6-359
Intervention should be considered in asymptomatic patients with severe AS and a sustained fall in BP (>20 mmHg) during exercise testing. lla C
Mode of intervention
It is recommended that AV interventions are performed in Heart Valve Centres that report their local expertise and outcome data, have | c
on-site interventional cardiology and cardiac surgical programmes, and a structured collaborative Heart Team.
It is recommended that the mode of intervention is based on Heart Team assessment of individual clinical, anatomical, and procedural | c
characteristics, incorporating lifetime management considerations and estimated life expectancy.
TAVI is recommended in patients >70 years of age with tricuspid AV stenosis, if the anatomy is suitable,? '~*38%7397463485486 1 -
SAVR is recommended in patients <70 years of age, if the surgical risk is low.® #13427:487 I B
SAVR or TAVI are recommended for all remaining candidates for an aortic BHV according to Heart Team assessment,%#3%63%7429488-490 1 B
Non-transfemoral TAVI should be considered in patients who are unsuitable for surgery and transfemoral access.*!7~+23471-4%8 Ila B
TAVI may be considered for the treatment of severe BAV stenosis in patients at increased surgical risk, if the anatomy is
suitable, 430-432434.499-502 Iib B
Balloon aortic valvotomy may be considered as a bridge to SAVR or TAVI in haemodynamically unstable patients, and (if feasible) in those Ib c

with severe AS who require urgent high-risk NCS.

AS, aortic stenosis; AV, aortic valve; AVA, aortic valve area; BAV, bicuspid aortic valve; BHV, biological heart valve; BNP, brain natriuretic peptide; BP, blood pressure; BSA, body surface area;
CCT, cardiac computed tomography; EuroSCORE, European System for Cardiac Operative Risk Evaluation; LVEF, left ventricular ejection fraction; NCS, non-cardiac surgery; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; SAVR, surgical aortic valve replacement; STS-PROM, Society of Thoracic Surgeons predicted risk of mortality; SVi, stroke volume index; TAVI,
transcatheter aortic valve implantation; V ..., peak transvalvular velocity.

?Class of recommendation.

PLevel of evidence.

Explanations (such as measurement errors, uncontrolled blood pressure, and conditions lowering the stroke volume) other than severe AS for a small AVA but low gradient despite
preserved LVEF are frequent and must be carefully excluded.

9Suitability regarding transfemoral access, annulus dimensions, device landing zone calcification pattern, and coronary obstruction risk (Figure 9).

“Surgical risk based on STS-PROM (http://riskcalc.sts.org/stswebriskcalc/#/calculate) and EuroSCORE Il (http:/www.euroscore.org/calc.html) <4% and Heart Team assessment.

© ESC/EACTS 2025
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Recommendation Table 5 — Recommendations on in-
dications for concomitant aortic valve replacement at
the time of coronary artery bypass grafting or ascending
aorta surgery

Recommendations Class* Level®

SAVR is recommended in symptomatic and
asymptomatic patients with severe AS undergoing
CABG or surgical intervention on the ascending

aorta.

SAVR should be considered in symptomatic and
asymptomatic patients with moderate AS® lla C
undergoing CABG or surgical intervention on the

ascending aorta.

AS, aortic stenosis; AVA, aortic valve area; CABG, coronary artery bypass grafting; SAVR,
surgical aortic valve replacement.

?Class of recommendation.

®Level of evidence.

“Defined as an AVA of 1.0-1.5cm? (or mean aortic gradient of 25-40 mmHg) in
normal-flow conditions. Clinical assessment is essential to determine whether SAVR is
appropriate for an individual patient.

8.6. Follow-up

The rate of progression of AS varies widely and asymptomatic patients,
their family, and medical caregivers need careful education, with particu-
lar emphasis on the importance of regular follow-up (ideally at a Heart
Valve Centre)' and prompt reporting of symptoms. Asymptomatic pa-
tients with severe AS should be followed up at least every 6 months to
allow detection of early symptoms (using exercise testing if complaints
are inconclusive) and any change in echocardiographic parameters (par-
ticularly LVEF). Serial measurements of natriuretic peptides can provide
additional useful information regarding the timing of treatment.

Younger patients with mild AS and no significant leaflet calcification
may be followed up every 2-3 years. With increasing stenosis severity,
progression accelerates and follow-up intervals should be gradually re-
duced.?®3*% Several studies suggest that the prognosis of moderate de-
generative AS is worse than previously considered,****% particularly if
there is significant valve calcification, and these patients should be re-
evaluated at least annually.

Cardiac rehabilitation is frequently performed after AV intervention,
especially after surgery and in elderly patients, and is associated with im-
proved activities of daily living and 6-minute walking distance.*® After
valve intervention, an early echocardiographic examination within the
first weeks after valve replacement is recommended to document base-
line prosthetic valve function. Cardiological evaluations and echocardio-
graphic examinations are recommended annually in patients with a
bioprosthesis, and whenever changes in clinical symptoms or signs sug-
gestive of valve dysfunction are noted.

9. Mitral regurgitation

Chronic MR is one of the most common acquired valve patholo-

12187 \vhile acute MR is observed in the context of infective endo-

gies,
carditis, chordal rupture, or as a complication of myocardial infarction
(papillary muscle rupture). MR either relates to anatomical changes of
the MV apparatus (primary), or to LV or LA dilatation and dysfunction
(secondary).'®? Since natural history, prognosis, and management differ
according to aetiologies, populations should be clearly distinguished in

clinical practice and research,'>>%

© ESC/EACTS 2025

9.1. Primary mitral regurgitation

9.1.1. Prevalence and aetiology

Primary mitral regurgitation relates to an anatomical lesion of one or
more of the three main components (not including the annulus) of the
MV apparatus (valve leaflets, chordae tendineae, and papillary muscles).
PMR is observed in 55% of patients with MR who require treatment.>*”
While degenerative disease related to fibroelastic deficiency or myxoma-
tous alterations (in its most severe form, Barlow’s disease) are the most
common aetiologies in higher-income countries, RHD is most frequently
found in the rest of the world. MV endocarditis is a separate entity of PMR
caused by acute or chronic infectious conditions and is discussed in the
corresponding Guidelines.” In a small subgroup of patients, PMR is asso-
ciated with a higher incidence of ventricular arrhythmias, and sudden car-
diac death has been reported in individual cases, especially in patients with
Barlow's disease.”® The arrhythmogenic burden is independent from MR
severity and has been associated with mitral annular disjunction. Atrial dis-
placement of the posterior MV leaflet hinge point is assumed to cause ex-
cessive mobility of the valvular apparatus and increases tension on the
papillary muscles and the posterobasal myocardium, causing local fibrosis,
which may lead to ventricular arrhythmias and sudden cardiac death.>®

9.1.2. Evaluation

9.1.2.1. Echocardiography and right heart catheterization
Echocardiography is the diagnostic method of choice for the quantifica-
tion of MR, determination of its aetiology, and identification of cardiac
consequences (Figure 10). TTE is used for initial evaluation that includes:
(i) assessment of valve morphology (presence and location of prolapse
or flail, calcifications, and/or mitral annular disjunction); (ii) integrative
severity grading; and (iii) quantification of LV and LA dimensions and
function, as well as assessment of concomitant RV dysfunction.*®
Quantitative parameters such as the effective regurgitant orifice area
(EROA) have prognostic implica‘cions.sm'511 Volumetric methods pro-
vide additional information on MR severity [RVol and regurgitant frac-
tion (RF)].512 Accurate colour flow settings must be used to avoid
overestimation of MR severity.

Transoesophageal echocardiography (TOE) represents the method of
choice to assess valve anatomy, leaflet quality, motion, and coaptation, as
well as to confirm MR severity.>'® Three-dimensional TOE provides an
excellent morphological and functional view of the different valve seg-
ments, and should be used systematically when planning and performing
surgical or transcatheter repair.>"

Exercise echocardiography evaluates dynamic changes in regurgitant jet
and pulmonary pressures during peak exercise, and might be helpful in pa-
tients with discordant symptoms and regurgitation severity at rest.>1>°16

In asymptomatic patients with severe PMR, increased LV or LA di-
mensions, as well as elevated pulmonary pressures (>50 mmHg at
rest), moderate or more secondary TR, and AF are important markers
of worse prognosis, and should be considered for intervention timing
(Figure 11; Section 9.1.4).>17>18

Right heart catheterization remains important in patients with PMR
for confirmation of pulmonary artery pressures in case of discrepancy
between echocardiographic MR severity and clinical symptoms, as well

as in the presence of concomitant lung disease.>"?
9.1.2.2. Biomarkers
Cardiac biomarkers are recognized indicators of disease

severity with prognostic implications, but may also be non-
specific. NT-proBNP levels are directly related to the
New York Heart Association (NYHA) functional class in PMR.?°
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e Large central jet

Echocardiographic
criteria for severe MR

e E-wave dominant (>1.2 m/s)
o VTl mitral /VTI LVOT >1.4

Assessment of MR

—> Qualitative

* Flail leaflet, large coaptation defect, severe tenting

« Large holosystolic convergence zone

Semi-quantitative

A * Vena contracta =7 mm (=8 mm for biplane)
 Pulmonary vein systolic flow reversal

—> Quantitative

« EROA >40 mm2 (or >30 mm?2if elliptical regurgitant orifice area)
e RVol =60 mL (or 245 mL if low flow conditions)

* RF >50%
Left ventricle
e LVESD =40 mm
~ PMR = VEF <60%
v
: Ventricular e Clinical and
Mechanisms T SMR echocardiographic
criteria®
e LVESD <70 mm
Atrial o LVEF 20%-50%
SMR

Criteria for intervention

Left atrium Right heart

e Diameter =55 mm
* LAVI 260 mL/m?
* Atrial fibrillation

* SPAP >50 mmHg
e Secondary TR
> moderate

@ESC @EACTS—

Figure 10 Echocardiographic assessment of patients with mitral regurgitation. EROA, effective regurgitant orifice area; LAV, left atrial volume index;
LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVOT, left ventricular outflow tract; MR, mitral regurgitation; PMR,
primary mitral regurgitation; RF, regurgitant fraction; RVol, regurgitant volume; SMR, secondary mitral regurgitation; SPAP, systolic pulmonary artery
pressure; TR, tricuspid regurgitation; VTI, velocity time integral. *See Table 7 for criteria predicting outcome improvement.

In a multicentre registry including more than 1300 patients with PMR,
increased BNP level was an independent predictor of long-term mor-
tality under medical treatment. However, pre-operative BNP activation
did not impact long-term mortality after surgical treatment.”®

9.1.2.3. Cardiac magnetic resonance and computed tomography

Cardiac magnetic resonance imaging is an alternative to precisely quan-
tify RVol and RF in cases of inconclusive or discordant measurements,
and the gold standard to determine cardiac dimensions and chamber
volumes.*>"*?2 The combination of planimetered volumetric methods

and phase contrast measurement of the MV inflow are used for this
purpose.>?? In patients with Barlow’s disease and mitral annular disjunc-
tion, CMR-detected myocardial fibrosis®?* has been associated with
ventricular arrhythmias and sudden cardiac death.>*®

Cardiac computed tomography provides high-resolution anatomical
details of the entire MV apparatus®>>*%¢ and increasingly plays a role in
MV intervention planning, particularly in the assessment of arterial access
for extracorporeal circulation and the presence of MV calcification in min-
imally invasive surger'y,527 as well as the feasibility of transcatheter MV im-
plantation (TMVI) based on annulus size and risk of LVOT obstruction.>?®
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Patient with severe primary mitral regurgitation
Symptoms

LVEF <60% or LV dilatation @ High surgical risk according
(LVESD =40 mm or LVESDi 220 mm/m?) to the Heart Team

Presence of at least 3 of the following: Anatorpolrc .T.LE;': FAailligy
- AF

- SPAP at rest >50 mmHg —@— i i

+ LAVI 260 mL/m? or diameter =55 mm
+ Concomitant secondary TR >moderate @ @

AF or
SPAP at rest >50 mmHg M

Significant LA dilatation
(LAVI =60 mL/m?or diameter =55 mm)
and high likelihood of durable repair

v v

TMVI

if feasible

. MV surgery High risk

Watchful ,\i\l;r?elcg:r (preferably TEER surgery in
waiting (CIassFI)Ia) repair) (Class l1a) selected
(Class lla) (Class 1) patients
Medical

treatment

A @Esc @EACTS

Figure 11 Management of patients with severe primary mitral regurgitation. AF, atrial fibrillation; LA, left atrial; LAVI, left atrial volume index; LV, left
ventricle/left ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVESD;, left ventricular end-systolic diam-
eter indexed to BSA; MV, mitral valve; SPAP, systolic pulmonary artery pressure; TEER, transcatheter edge-to-edge repair; TMVI, transcatheter mitral
valve implantation; TR, tricuspid regurgitation. “See Supplementary data online, Table S2.
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Due its high sensitivity for detection of calcifications, CCT is instru-
mental for procedural planning (surgical and transcatheter) in patients
with MAC.>*

9.1.2.4. Genetic evaluation

There is increasing evidence that specific mitral pathologies may be as-
sociated with genetic conditions. A meta-analysis of six genome-wide
association studies identified 14 potential genetic loci associated with
primary MR. By comprising epigenetic, transcriptional, and proteomic
data, the following genes could be identified as potential genetic sources
of the pathology: LMCD1, SPTBN1, LTBP2, TGFB2, NMB, and ALPK3.>*°
However, genetic testing is not recommended in routine practice.

9.1.3. Medical therapy

Medical therapy has a limited role in patients with PMR. Afterload re-
duction with sodium nitroprusside has been used as a bridge to an
intervention in patients with acute severe PMR without signs of hypo-
tension. Inotropic agents and diuretics are usually indicated to reduce
filling pressures and control pulmonary congestion, while the implant-
ation of an intra-aortic balloon pump helps to further reduce afterload
in exceptional cases of acute PMR.

In chronic PMR without signs of LV dysfunction or criteria for an
intervention, there is no evidence supporting prophylactic afterload re-
duction. Patients with PMR and impaired LV function should receive
GDMT according to HF Guidelines.3*°

9.1.4. Indications for intervention

Urgent surgery or transcatheter treatment is indicated in patients with
acute severe PMR because it is poorly haemodynamically tolerated. In pa-
tients with papillary muscle rupture and endocarditis, surgical valve replace-
ment is generally required, while acute degenerative chordal rupture can be
treated with surgical MV repair or TEER in high-risk patients.

Indications for surgery in patients with chronic asymptomatic and
symptomatic PMR are summarized in Recommendation Table 6 and
Figure 11. In cases of severe PMR, restoring the anatomy by surgical
MV repair, including annuloplasty, is the treatment of choice in operable
patients when an optimal and durable result is expected. According
to contemporary data, the procedure can be performed with
a low mortality risk (1.2%) in appropriately selected patients.>*’
Compared with replacement, MV repair has been associated with
lower peri-operative mortality along with significantly better long-
term survival and functional outcomes.>3%>33 Repair of more com-
plex pathologies such as valves with annular or leaflet calcifications,
as well as in cases of RHD, is challenging and should be attempted in
experienced Heart Valve Centres.’**°3¢ When MV repair is not
feasible, valve replacement with preservation of the subvalvular ap-
paratus should be performed.>*’

High-risk and elderly patients with chronic PMR, though uncommon,
may benefit from a less-invasive M-TEER procedure.>®® Peri-
interventional and mid-term results with regard to residual MR and
mean transmitral gradient are closely related to patient outcomes.>*®
The use of latest-generation devices along with a growing team experi-
ence have improved results, and allow for the successful treatment
of more complex anatomical conditions (Supplementary data online,
Table $2).>**°*% The decision regarding the mode of intervention or
conservative treatment should be made by the Heart Team, considering
clinical and anatomical characteristics, as well as procedural risks and

patient preference. The longer-term efficacy of TEER compared with
surgery is still under investigation in high- (NCT03271762) and
intermediate-risk PMR patients (NCT04198870), as well as in
all-risk-category patients >60 years of age (NCT05051033).>*" TMVI
is very effective in abolishing MR in selected high-risk patients, particular-
ly those with complex MV anatomy for TEER (Supplementary data
online, Table $2).>**** The major drawbacks of current TMVI systems
include limited availability, high screening failure rate, as well as the risk of
LVOT obstruction and valve thrombosis. Limited data exist for PMR pa-
tients and regarding mid-term prosthesis durability.

In patients with asymptomatic PMR with signs of LV dysfunction
(i.e. LVEF <60%, LVESD >40 mm, or LVESDi >20 mm/mz) the bene-
fit of early surgery is well established.>**~>* Furthermore, there is in-
creasing evidence that the presence of LA dilatation [LA volume index
(LAVI) >60 mL/m? or LA diameter >55 mm], AF, systolic pulmonary
artery pressure (SPAP) at rest of >50 mmHg, and concomitant mod-
erate or severe secondary TR are associated with worse long-term
prognosis irrespective of LV function after corrective surgery, and
should therefore prompt referral in low-risk patients, particularly if
a high probability of MV repair is expected.’’*183%7 A recent study
showed that women have a higher risk of long-term mortality after
MV repair than men, even at lower degrees of ventricular dilatation
and dysfunction, suggesting the potential usefulness of sex-specific in-
dexed thresholds.>* Ventricular arrhythmias in patients with MV pro-
lapse have been linked to impaired prognosis and possibly sudden
cardiac death, especially in the presence of mitral annular disjunc-
tion.>**=>*! Ring annuloplasty stabilizes the posterior annulus, reduces
traction on the subvalvular apparatus,®* and may lower the risk of ar-
rhythmias.>*3 Minimally invasive surgery via right mini-thoracotomy is
used with increasing frequency in experienced centres.>>*>°¢ A re-
cent RCT demonstrated similar safety and efficacy compared with
conventional sternotomy. Mini-thoracotomy was associated with
shorter hospital stay and improved physical activity within the first
6 weeks after surgery, a difference that disappeared at 12 weeks.>>’
The use of minimally invasive MV surgery may therefore be consid-
ered to reduce hospital stay and accelerate recovery in experienced
centres. However, in a national registry, these benefits were less
clear.>>®

Recommendation Table 6 — Recommendations on
indications for intervention in severe primary mitral
regurgitation (see also Supplementary data online,
Evidence Tables 14-16)

Recommendations Class® Level®
MV repair is the recommended surgical technique to
treat patients with severe PMR when the result is | B
expected to be durable 2632333359560
MV surgery is recommended in symptomatic
patients with severe PMR considered operable by 1 B
the Heart Team, 26532533561
MV surgery is recommended in asymptomatic
patients with severe PMR and LV dysfunction | B
(LVESD >40 mm or LVESDi >20 mm/m? or
LVEF <60%) 522544545

Continued
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Surgical MV repair is recommended in low-risk
asymptomatic patients with severe PMR without LV
dysfunction (LVESD <40 mm, LVESDi <20 mm/m?,
and LVEF >60%) when a durable result is likely, if at
least three of the following criteria are
fulfilled:517/547.562-564 I B
« AF
* SPAP at rest >50 mmHg
+ LA dilatation (LAVI >60 mL/m? or LA
diameter >55 mm)
+ Concomitant secondary TR > moderate.
MV surgery should be considered in asymptomatic
patients with severe PMR without LV dysfunction
(LVESD <40 mm, LVESDi <20 mm/m?, and LVEF
>60%) in the presence of PH (SPAP at rest
>50 mmHg), or AF secondary to MR 31718562565

Surgical MV repair should be considered in low-risk

lla B

asymptomatic patients with severe PMR without LV
dysfunction (LVESD <40 mm, LVESDi <20 mm/mz,
and LVEF >60%) in the presence of significant LA
dilatation (LAVI >60 mL/m? or LA

diameter >55 mm), when performed in a Heart
517,565

lla B

Valve Centre and a durable repair is likely.
TEER should be considered in symptomatic patients
with severe PMR who are anatomically suitable and

lla B
at high surgical risk according to the Heart

538,540,566
Team.

Minimally invasive MV surgery may be considered at

experienced centres to reduce the length of stay and IIb B

accelerate recovery.>*”>¢

AF, atrial fibrillation; LA, left atrium/left atrial; LAVI, left atrial volume index; LV, left
ventricle/left ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular
end-systolic diameter; LVESDi, left ventricular end-systolic diameter indexed to body
surface area; MR, mitral regurgitation; MV, mitral valve; PH, pulmonary hypertension;
PMR, primary mitral regurgitation; SPAP, systolic pulmonary artery pressure; TEER,
transcatheter edge-to-edge repair; TR, tricuspid regurgitation.

?Class of recommendation.

®Level of evidence.

9.1.5. Follow-up

Asymptomatic patients with severe MR not fulfilling the criteria for an
intervention, and with documented preserved exercise capacity, should
undergo clinical and echocardiographic follow-up twice per year (watch-
ful waiting strategy), ideally in the setting of a Heart Valve Clinic.*®
Follow-up may also include serial measurements of BNP levels, electro-
cardiogram (ECG) and/or Holter monitoring, and (in selected cases) ex-
ercise echocardiography and CMR to confirm MR severity, and cardiac
chamber function and dimensions.*® Asymptomatic patients with mod-
erate MR and preserved LV function can be followed on a yearly basis
with echocardiographic assessment every 1 or 2 years.

The frequency of follow-up after an intervention depends on the type
of procedure performed. Very good long-term durability of MV repair in
PMR due to valve prolapse with a low recurrence rate has been reported
at experienced centres with freedom from moderate or severe MR of
87.5% at 20 years.>>***? Serial clinical and echocardiographic follow-up
in patients without pre-operative LV dysfunction or rhythm abnormal-
ities every 2—3 years thereafter is sufficient. Patients with atrial or ven-
tricular arrhythmias possibly related to MV disease should be further
evaluated using continuous ECG monitoring. Patients with recurrent

© ESC/EACTS 2025

MR after surgical ring annuloplasty frequently undergo repeat surgery
(usually MV replacement), while transcatheter alternatives are reserved
for selected high-risk patients because of the risk of increased gradients
(M-TEER), PVL, and LVOT obstruction (mitral valve-in-ring proce-
dures).>***"° In patients undergoing MV replacement, closer follow-up
on ayearly basis is required due to the risk of prosthetic valve dysfunction
or SVD (see Section 14.4). Following TEER, reported rates of residual MR
and increased transmitral gradients are higher than after surgical repair,
suggesting that yearly follow-up is appropriate.®”" Although rare, the
need for surgical treatment after failed TEER is associated with increased
peri-operative mortality and low valve repair rates,*"*’? while trans-
catheter solutions to detach TEER implants and replace the valve have
been described in few cases.’*"*

9.2. Secondary mitral regurgitation

9.2.1. Prevalence and aetiology

Secondary mitral regurgitation is present when the MV structure appears
grossly normal but the MV is nonetheless incompetent, due to alterations
in LV and LA geometry, dyssynchrony, and imbalances between MV clos-
ing and tethering forces.>”> The prevalence of severe SMR in patients with
chronic HF is ~10% and higher in patients with reduced vs preserved LVEF
(25% vs 4%).%”® Secondary mitral regurgitation can be classified as atrial or
ventricular with different pathophysiological and morphological character-
istics, as well as contrasting prognostic and therapeutic implications.>””
Ventricular SMR is more common and associated with worse long-term
prognosis.”'**"88 Dilated or ischaemic cardiomyopathy are the most
frequent causes of severe ventricular SMR. Acute HF exacerbation may
occur in patients with chronic HF due to a renewed ischaemic event, ar-
rhythmia, infection, or volume overload. Atrial SMR is due to pure mitral
annular dilation and is observed in patients with long-standing AF and/or
HFpEF.*®" Factors predisposing to atrial SMR include age >65 years, fe-
male sex, LA dilatation, and diastolic dysfunction.582 From a morphological
point of view, ventricular SMR is characterized by leaflet tethering and re-
stricted motion combined with annular dilation, while annulus enlarge-
ment and flattening leading to planar coaptation are predominantly
observed in atrial SMR. The prevalence of atrial SMR has been underesti-
mated in the past and was occasionally misclassified as PMR due to
pseudo-prolapse with leaflet tethering in advanced stages.

9.2.2. Evaluation

Echocardiographic criteria to define significant SMR according to aeti-
ology are reported in Figure 10. Importantly, SMR assessment should
be performed after optimization of medical therapy and in a euvolaemic
and normotensive state. When quantifying EROA and RVol in SMR,
lower thresholds may apply to define severe regurgitation because of
the potential elliptical regurgitant orifice and/or the low-flow state.
An EROA of >30 mm? and/or an RVol of >45 mL has been identified
as having a significant impact on outcomes,* with prognosis improved
after treatment.*®**8* Cardiac magnetic resonance is used to confirm
SMR severity and assess cardiac chamber function and dimensions.
The extent of myocardial fibrosis, as assessed with CMR, has been as-
sociated with poor prognosis.sg5 Owing to the dynamic nature of SMR,
exercise echocardiography may help to identify patients with severe
SMR when values at rest are inconclusive.*®

9.2.3. Definition of atrial secondary mitral
regurgitation

Characteristics distinguishing between atrial and ventricular SMR are
displayed in Figure 12.
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LVEF >50% without regional
Atrial wall motion abnormalities

SMR No or mildly dilated LV cavity?
without leaflet tethering

Mitral annulus dilatation
(AP >35 mm)

Normal leaflet motion
Normal leaflet morphology

Usually central jet

Atrial fibrillation

HFpEF

Key criteria

Enlarged LA (LAVI >34 mL/m?) Central or eccentric jet

Additional echocardiographic criteria®

Additional clinical criteria

LVEF <50% with or without

regional wall abnormalities Ventricular

Restrictive leaflet motion SMR
with tethering

Normal leaflet morphology

Dilated LV
Dilated LA

Dilated MV annulus

Ischaemic heart disease

Dilated cardiomyopathy

@ESC @EACTS—

Figure 12 Most frequently used criteria for the diagnosis of atrial secondary mitral regurgitation. AO, aorta; AP, anteroposterior; HFpEF, heart failure
with preserved ejection fraction; LA, left atrium/left atrial; LAVI, left atrial volume index; LV, left ventricle/left ventricular; LVEF, left ventricular ejection
fraction; MA, mitral annulus; MR, mitral regurgitation; MV, mitral valve; SMR, secondary mitral regurgitation. °LV end-diastolic dimension of <56 mm in
females and <63 mm in males; indexed LV end-diastolic volume <71 mL/m? (in women) or <79 mL/m? (in men). ®Additional echocardiographic criteria

for atrial SMR may no longer be fulfilled in advanced stages.

Atrial SMR is most frequently defined by the presence of the follow-

ing key Criteria:513,578—580,586—590

preserved LVEF (>50%) without regional wall motion abnormalities
or leaflet tethering; AND

no or mildly dilated LV cavity [LV end-diastolic dimension of <56 mm
in women and <63 mm in men; indexed LV end-diastolic volume of
<71 mU/m? (in women) or <79 mL/m? (in men)]; AND

mitral annulus (MA) dilatation [anteroposterior (AP) diameter of
>35 mm]; AND

enlarged LA (LAVI >34 mL/m?).

Echocardiography frequently reveals normal leaflet motion with pla-
nar coaptation, and normal leaflet morphology with a central MR jet in
atrial SMR. However, at advanced stages, an overlap between atrial and
ventricular SMR criteria can be observed in the case of late LV damage
due to continuous volume overload.>*"**? Clinical criteria (i.e. history
of AF and/or diagnosis of HFpEF) are also useful and should be taken
into consideration.

9.2.4. Management of ventricular secondary mitral
regurgitation

9.2.4.1. Medical and device therapy

In patients with ventricular SMR, GDMT for the treatment of HF is re-
commended prior to any MV intervention.>3*3* The combination of
ACE-Is/ARBs or angiotensin receptor/neprilysin inhibitors, beta-
blockers, mineralocorticoid receptor antagonists, and sodium—glucose
co-transporter 2 inhibitors (SGLT2is) at the maximum tolerated doses
is recommended according to the HF Guidelines.>* Initiation and up-
titration of neurohormonal drugs need to be tailored according to
the patient profile, mainly based on BP, heart rate, potassium levels,
and renal function.®®® Notably, GDMT up-titration must be rapid (with-
in 6 weeks) and take place in the context of close follow-up visits, es-
pecially in the case of a recent hospitalization for acute HF.>** About
40% of patients with ventricular SMR experience improvement of
SMR severity after 1-3 months of optimized GDMT.>?>*% Cardiac re-
synchronization therapy (CRT) should also be considered as part of HF
management before an MV intervention according to HF guideline cri-
teria (LVEF <35% and wide QRS).>?”*?8 Although no dedicated RCTs
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exist, SMR reduction by at least one grade has been described in 40%—
60% of patients and is associated with reverse LV remodelling and im-
proved clinical outcomes.>®’>7%6%

9.2.4.2. Indications for intervention

The management of patients with ventricular SMR should be discussed
by a multidisciplinary Heart Team including HF specialists. The indica-
tion for intervention is based on the persistence of symptoms (i.e.
NYHA class [I-V) despite adequate GDMT and CRT, if indicated

(Figure 13). GDMT is the only option for very frail patients or those
with limited life expectancy.

In the Cardiovascular Outcomes Assessment of the MitraClip
Percutaneous Therapy for Heart Failure Patients with Functional
Mitral Regurgitation (COAPT) trial, M-TEER was shown to be safe
and reduced recurrent HF hospitalization and all-cause mortality
at 2 and 5 years of follow-up, compared with optimized GDMT
in patients with ventricular SMR without relevant CAD.#*°8*
In a second study (Percutaneous Repair with the MitraClip Device for
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Figure 13 Treatment of severe secondary mitral regurgitation without concomitant coronary artery disease. CAD, coronary artery disease; CRT,
cardiac resynchronization therapy; GDMT, guideline-directed medical therapy; HF, heart failure; HTx, heart transplantation; LVAD, left ventricular assist
device; MV, mitral valve; SMR, secondary mitral regurgitation; TEER, transcatheter edge-to-edge repair. *See Table 7. ®See Supplementary data online,

Table S2.
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Severe Functional/Secondary Mitral Regurgitation, MITRA-FR), no dif-
ferences were demonstrated for the combined primary endpoint of all-
cause mortality or HF hospitalization at 1 and 2 years.*®"*°? These di-
verging results might be explained by effect sizes of the trials, differences
in trial design, patient selection and follow-up, echocardiographic assess-
ment of SMR severity, use of GDMT, and technical factors.693760> A
third RCT, the Randomized Investigation of the MitraClip Device in
Heart Failure: 2nd Trial in Patients with Clinically Significant
Functional Mitral Regurgitation (RESHAPE-HF-2) trial showed a 36%
reduction in the rates of HF hospitalization or cardiovascular death
at 2 years in the intervention arm driven by reduction of first or recur-
rent HF hospitalization. When considered in isolation, cardiovascular
mortality was not significantly reduced during the observation period.
In addition, there was a significant improvement in quality of life as
measured by the KCCQ overall score (mean difference between study
groups, 10.9 points; 95% Cl, 6.8-15.0; P <0.001).°% A recent study-level
meta-analysis of these three trials showed a significant reduction of HF
rehospitalization at 24 months (HR, 0.63, 95% Cl, 0.50-0.80) and the
composite of death and all-cause hospitalizations (HR, 0.72, 95% ClI,
0.51-0.999).%” However, there was no statistically significant difference
in death from any cause or cardiovascular death at 24 months.
Transcatheter edge-to-edge repair is therefore recommended to re-
duce HF hospitalizations, and improve quality of life, in symptomatic pa-
tients with persisting severe SMR despite optimized GDMT fulfilling
specific clinical and echocardiographic criteria (Table 7). Although less
challenging than in PMR, anatomical suitability for TEER needs to be as-
sessed upfront (Supplementary data online, Table S2). There is also in-
creasing observational evidence supporting the use of TEER for the
improvement of symptoms, functional capacity, and quality of life in pa-
tients with ventricular SMR not fulfilling the clinical and echocardio-
graphic criteria for outcome improvement.®®®"> This particularly
applies to patients not tolerating GDMT in whom TEER may help up-
titration, as well as those with recent myocardial infarction and persist-
ent severe ventricular SMR 203673

Transcatheter implantation of an indirect annuloplasty device into
the coronary sinus has been proposed as an alternative that preserves
valve integrity. Despite rather modest SMR reduction (22.4% decrease
in mitral RVol) and no significant effect on quality of life in a small sham-
controlled RCT, symptomatic improvement and reverse remodelling
were observed in registries at 1 year.®"¢'® Heart transplantation or
left ventricular assist device (LVAD) implantation should be considered
in selected patients with severe ventricular SMR and advanced HF.

In patients with ventricular SMR without relevant CAD, indications
for isolated MV surgery are restrictive owing to procedural risks and
the absence of proven mortality benefit®'® The Multicenter,
Randomized, Controlled Study to Assess Mitral Valve Reconstruction
for Advanced Insufficiency of Functional or Ischemic Origin
(MATTERHORN) trial, which included a mixed population mainly com-
posed of patients with ventricular SMR (84%), demonstrated that TEER
is non-inferior to surgical repair or replacement with regard to a com-
posite endpoint of death, HF hospitalization, MV reintervention, im-
plantation of an assist device, or stroke within 1year after the
procedure, and showed a better safety profile.®" In patients with se-
vere ischaemic ventricular SMR and concomitant CAD requiring coron-
ary revascularization, MV surgery at the time of CABG is
recommended, unless the patient is at high surgical risk and/or the cor-
onary anatomy is suitable for PCI. Although isolated undersized mitral
annuloplasty is the most commonly performed MV repair procedure,

recurrent MR rates were high with this technique in an RCT®"® and re-
verse LV remodelling is limited, especially in patients with an increased
tenting area (>1.35 cm?/m? BSA),*'” in whom MV replacement is usu-
ally required.®®® The addition of subvalvular modification in patients
with LV dilatation and pronounced MV leaflet tenting may improve re-
sults for MV repair,®*" but durability and impact on HF symptoms with
this technique require further investigation.

The treatment of moderate ischaemic SMR in patients undergoing
CABG remains controversial. Meta-analyses, including four RCTs com-
paring CABG with concomitant MV surgery vs CABG alone, have
shown lower rates of recurrent MR but no benefit in terms of mortality
and clinical outcomes.®**~¢** Therefore, clinical decision-making should
weigh peri-operative risks of more complex surgery against the long-
term risk of MR progression.

9.2.4.3. Follow-up

Patients with ventricular SMR need to be followed up carefully after
intervention by an HF specialist, because they remain at increased
risk of events despite intervention. The 5-year cumulative incidence
of all-cause death or HF hospitalization was 73.6% in the device arm
of the COAPT study.>®* Clinical, laboratory, and echocardiographic
evaluation every 3 or 6 months, according to the HF stage, is recom-
mended. Durability of the procedural result, as well as congestion status
and the need for further GDMT optimization facilitated by SMR reduc-
tion,613
monitoring vital signs, body weight, and HF symptoms to avoid late hos-
pital admissions and facilitate management of possible decompensation.
Also, patients must be educated on the importance of not discontinuing
medical therapies after intervention since the two treatments (devices
and drugs) are complementary.

Patients with ventricular SMR, who are asymptomatic and/or have
moderate or dynamic MR, should undergo clinical and echocardio-
graphic follow-up at least twice per year.

need to be assessed. Patients and families should be trained in

Table 7 Clinical and echocardiographic criteria pre-
dicting outcome improvement in patients with severe
ventricular secondary mitral regurgitation undergoing
mitral transcatheter edge-to-edge repair

Anatomy deemed suitable for M-TEER

NYHA class >l

LVEF 20%-50%

LVESD <70 mm

At least one HF hospitalization within the previous year or increased

natriuretic peptide levels (BNP >300 pg/mL or NT-proBNP >1000 pg/mL)

SPAP <70 mmHg

No severe RV dysfunction

No Stage D or advanced HF

No CAD requiring revascularization

No severe AV and/or TV disease

No hypertrophic, restrictive, or infiltrative cardiomyopathies
AV, aortic valve; BNP, brain natriuretic peptide; CAD, coronary artery disease; HF, heart
failure; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic
diameter; M-TEER, mitral transcatheter edge-to-edge repair; NT-proBNP, N-terminal

pro-B-type natriuretic protein; NYHA, New York Heart Association; RV, right ventricle/
right ventricular; SPAP, systolic pulmonary artery pressure; TV, tricuspid valve.
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9.2.5. Management of atrial secondary mitral
regurgitation

9.2.5.1. Medical therapy and rhythm management

In patients with atrial SMR, underlying causes need to be recognized and
treated. Associated HFpEF and AF should be managed according to the
relevant Guidelines.”**° The use of SGLT2is should be encouraged in
patients with HFpEF due to their proven efficacy in reducing cardiovas-
cular death and HF hospitalization.®®® Limited data show that rhythm
control may contribute to reduce atrial SMR severity and reverse LA
dilatation.®*

9.2.5.2. Indications for intervention

Registry data demonstrate that patients with atrial SMR are typically
elderly with associated AF. Mitral valve surgery has been recently asso-
ciated with lower rates of HF hospitalizations and mortality compared
with GDMT in a matched population, despite a higher risk profile in the
surgical arm at baseline.*”” Data from several observational studies also
suggest that surgical annuloplasty is effective and durable in patients with
atrial SMR, because it counteracts the main mechanism of MR progres-
sion.228%% |ts combination with surgical AF ablation (Maze procedure)
and concomitant LAAO may have further advantages,®**¢*’
quently associated relevant TR can also be addressed during the same pro-
cedure.®”” Transcatheter edge-to-edge repair may also be considered
because observational studies have demonstrated high safety and proced-
ural success, 88590632633 55 \well as compared with surgery in a small sub-
group (n=34) of the MATTERHORN RCT.%* However, the risk of
increased gradient due to planar leaflet coaptation, large regurgitant jet,
and limited MV area (MVA) needs to be taken into consideration.>*>¢3>
Further studies are warranted to investigate the treatment modalities of
patients with atrial SMR.

while the fre-

9.2.5.3. Follow-up

Patients with atrial SMR undergoing surgical or transcatheter interven-
tion should be followed up on a yearly basis, including clinical and echo-
cardiographic evaluation. In cases of HFpEF, as an underlying cause of
atrial SMR, consultation with an HF specialist is necessary.

Asymptomatic patients with severe atrial SMR not fulfilling the cri-
teria for an intervention should undergo clinical and echocardiographic
follow-up at least once per year.

Recommendation Table 7 — Recommendations on in-
dications for intervention in secondary mitral
regurgitation (see also Supplementary data online,
Evidence Tables 17-20)

Recommendations Class* Level®

Severe atrial secondary mitral regurgitation

MV surgery, surgical AF ablation, if indicated, and

LAAO should be considered in symptomatic patients " B
a
with severe atrial SMR under optimal medical

therapy.627-630636.637
TEER may be considered in symptomatic patients

with severe atrial SMR not eligible for surgery after Ib B
optimization of medical therapy including rhythm

.+ 588,590,638,639
control, when appropriate.

Continued

Ventricular secondary mitral regurgitation and concomitant
coronary artery disease

MV surgery is recommended in patients with severe

‘ f 640 ! B
ventricular SMR undergoing CABG.
MV surgery may be considered in patients with
: 622-624,641,642 Ib B
moderate SMR undergoing CABG. o
PCl followed by TEER after re-evaluation of MR may
be considered in symptomatic patients with chronic IIb C

severe ventricular SMR and non-complex CAD."*°

Severe ventricular secondary mitral regurgitation without
concomitant coronary artery disease

TEER is recommended to reduce HF hospitalizations

and improve quality of life in haemodynamically

stable, symptomatic patients with impaired LVEF

(<50%) and persistent severe ventricular SMR, |
despite optimized GDMT and CRT (if indicated),

fulfilling specific clinical and echocardiographic

Criteria.c 583:584606,608.643

TEER may be considered for symptom improvement
in selected symptomatic patients with severe

ventricular SMR not fulfilling the specific clinical and IIb B
echocardiographic criteria,” after careful evaluation
of LVAD or HTx 20%608-¢10
MV surgery may be considered in symptomatic
patients with severe ventricular SMR without I1b C
advanced HF who are not suitable for TEER "’
AF, atrial fibrillation; CABG, coronary artery bypass grafting; CAD, coronary artery disease;
CRT, cardiac resynchronization therapy; GDMT, guideline-directed medical therapy; HF,
heart failure; HTx, heart transplantation; LAAO, left atrial appendage occlusion; LVAD,
left ventricular assist device; LVEF, left ventricular ejection faction; MR, mitral
regurgitation; MV, mitral valve; PCl, percutaneous coronary intervention; SMR,
secondary mitral regurgitation; TEER, transcatheter edge-to-edge repair.
?Class of recommendation.
PLevel of evidence.
“See Table 7.
10. Mitral stenosis
10.1. Prevalence and aetiology
The aetiology of MS is most frequently rheumatic or degenerative,
while rare forms can be drug-induced, inflammatory, or

carcinoid-related. Rheumatic fever is the most common cause of
MS and death due to VHD worldwide. Its prevalence has decreased
in high- and middle-income countries, but remains a major health-
care problem in low-income countries, where it predominantly
affects young patients.'>8”¢** Degenerative MS related to MAC

is a distinct age-dependent pathology requiring different
treatment strategies.é“‘r’*647 Both aetiologies are more frequent in
females.®*8

10.2. Rheumatic mitral stenosis

10.2.1. Evaluation

Echocardiography is the preferred method for screening in endemic re-
gions and the assessment of the severity, extent of anatomical lesions,
and haemodynamic consequences of MS. Involvement of other valves,
particularly secondary TR, should be identified. Mitral valve area using
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2D planimetry is the most commonly used measurement to assess
stenosis severity, but 3D TTE and TOE have additional diagnostic
value.?* An MVA of <1.5 cm? in conjunction with clinical factors
(symptoms, high risk of thromboembolism, or haemodynamic decom-
pensation) is indicative of clinically severe MS. Mean transvalvular gradi-
ent and pulmonary pressures reflect its consequences and have
prognostic value.**¢>° Leaflet thickening and fibrosis, along with com-
missural fusion and shortening of the subvalvular apparatus, are the
most important pathomechanisms of stenosis associated with RHD.
The presence and extent of leaflet and subvalvular calcifications influ-
ence treatment decisions. Scoring systems have been developed to as-
sess the suitability of patients for percutaneous mitral commissurotomy
(PMC) (see Supplementary data online, Table §3).6>1-6%3

Exercise testing is indicated in asymptomatic patients or patients
with symptoms that are equivocal or discordant with the severity of
stenosis. Exercise echocardiography provides additional information
on exercise capacity and related changes in mitral gradient and pulmon-
ary artery pressure, and is preferred over DSE, especially when there
are contraindications to dobutamine.®®* Transoesophageal echocardi-
ography should be systematically performed in PMC candidates to ex-
clude LA thrombus or after an embolic episode, and may play an
essential role for procedural guidance.>*¢>

10.2.2. Medical therapy

Diuretics, beta-blockers, digoxin, non-dihydropyridine calcium channel
blockers, and ivabradine can improve symptoms by controlling volume
overload and heart rate. Anticoagulation with a VKA with a target inter-
national normalized ratio (INR) between 2 and 3 is indicated in patients
with AF, and DOACs should be avoided in patients with an MVA of
<20 cm? according to current evidence.'®>%°%%7 |nterventions to re-
store sinus rhythm (cardioversion or catheter pulmonary vein isolation)
are unlikely to be successful in patients with untreated severe MS. If AF
is of recent onset and the LA moderately enlarged, cardioversion can be
attempted soon after successful intervention or in patients with mod-
erate MS combined with amiodarone treatment.®*®¢*% In patients in
sinus rhythm, OAC is indicated after systemic embolism or if a throm-
bus is present in the LA, and should also be considered when TOE
shows dense spontaneous echocardiographic contrast or an enlarged
LA (M-mode diameter>50 mm or LA volume >60 mL/m?).%*°
Prophylaxis of infective endocarditis is indicated as appropriate.”

10.2.3. Indications for intervention

The type (PMC or surgery) and timing of treatment should be decided
based on clinical characteristics, the anatomy of the valve and subvalv-
ular apparatus, and local expertise.®®'°* The management of clinically
severe rheumatic MS is summarized in Figure 14 and Recommendation
Table 8.

In general, indication for intervention should be limited to patients
with clinically severe rheumatic MS (MVA <1.5 cm?) in whom PMC is
expected to have a significant impact on clinical outcome. In higher-
income countries, where the incidence of rheumatic fever and the num-
ber of PMCs performed is low, this treatment should be restricted to
expert operators in specialized centres to improve safety and proced-
ural success rate.*®"*®* Efforts should be made to increase the availabil-
ity of PMC in lower-income countries, where access to treatment is
limited for economic reasons.**>¢%¢ Percutaneous mitral commissurotomy
may be also considered in symptomatic patients with an MVA of
>1.5cm?, if symptoms cannot be explained by another cause and
if the anatomy is favourable (see Table 8). Percutaneous mitral

commissurotomy should be considered as a first-line treatment for pa-
tients with anatomically suitable rheumatic MS and mild-to-moderate
calcification without severe subvalvular impairment. Selected patients
with unfavourable anatomical and clinical characteristics can still benefit
from PMC, particularly if they are at increased surgical risk. When
symptomatic restenosis occurs after surgical commissurotomy or
PMC, reintervention in most cases requires surgical valve replacement,
but redo PMC can be proposed in selected candidates with favourable
characteristics, if the predominant mechanism is commissural refusion.
Long-term follow-up has shown favourable results following PMC des-
pite a growing number of elderly patients with suboptimal clinical and
anatomical characteristics.®*>¢%°

For patients in whom PMC is contraindicated (Table 8), surgical MV
repair or, more frequently, replacement are good alternatives.
Although repair is much more challenging than for PMR, it can be at-
tempted at experienced centres.®®®

For patients with multiple VHD including MS, a comprehensive
evaluation by the Heart Team and an individualized approach is neces-
sary. Surgery is preferable to PMC in patients with severe MS and se-
vere AV disease, unless the surgical risk is high. In selected cases with
severe MS and moderate AV disease, PMC can be performed to post-
pone surgical treatment of both valves.

In high-risk cases with concomitant severe TR, PMC may be consid-
ered in selected patients with sinus rhythm, moderate atrial enlarge-
ment, and secondary TR due to post-capillary PH. In non-high-risk
cases, surgery on both valves is preferred.65 1652662667 Treatment of
patients with low-gradient severe MS (MVA <1.5 cm? mean gradient
<10 mmHg) is challenging, because these patients are often older
and have unfavourable anatomy.*¢%¢%?

10.2.4. Follow-up

Asymptomatic patients with clinically severe MS who have not under-
gone intervention should be followed up yearly by TTE, and at longer in-
tervals (2-3 years) in cases of moderate stenosis. After PMC, the
post-procedural MVA and mean mitral gradient are important para-
meters that influence long-term clinical outcomes. Follow-up of patients
after successful PMC is necessary because asymptomatic restenosis may
occur. Progressive rheumatic involvement of other valves should be peri-
odically assessed, irrespective of the therapy modality. Finally, education
and the engagement of the family is key in patients with rheumatic MS,
since it usually affects young individuals and women of childbearing age.

10.3. Degenerative mitral stenosis with
mitral annular calcification
Patients presenting with MAC are elderly and have significant comorbid-
ities, including disease of other valves. Mitral annular calcification is also an
indicator of cardiovascular disease severity and is associated with an in-
creased risk of AF, stroke, and death.®”%¢”" The incidence of MAC varies
substantially, depending on the age of the studied population and the im-
aging modality used. It can be a consequence of many different patho-
logical processes and, depending on the underlying disease, can be
accompanied by stenosis, regurgitation, or both. However, most patients
with MAC do not have significant valvular dysfunction.®*¢72

Generally, MS occurs due to calcific extension into the MV leaflets or
subvalvular apparatus, and in some patients it is associated with com-
bined MR.®”? Treatment options (including transcatheter and surgical
approaches) are high-risk procedures and evidence from RCTs is
lacking.
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Figure 14 Management of clinically severe rheumatic mitral stenosis (mitral valve area <1.5 cmz). AF, atrial fibrillation; LA, left atrium; MS, mitral
stenosis; MV, mitral valve; MVA, mitral valve area; NCS, non-cardiac surgery; NYHA, New York Heart Association; PH, pulmonary hypertension;
PMC, percutaneous mitral commissurotomy; SPAP, systolic pulmonary artery pressure; TR, tricuspid regurgitation. *High thromboembolic risk: history
of systemic embolism, dense spontaneous contrast in the LA, new-onset AF. High-risk of haemodynamic decompensation: SPAP >50 mmHg at rest,
need for major NCS, desire for pregnancy or pregnant. ®See Table 8. “Favourable = absence of unfavourable characteristics for PMC defined by un-
favourable anatomical characteristics [echocardiographic score >8, Cormier score 3 (calcification of MV of any extent as assessed by fluoroscopy),
severe TR] or unfavourable clinical characteristics (old age, history of commissurotomy, NYHA class IV, permanent AF, severe PH) (for the definition

of scores see Supplementary data online, Table $3). °If operative risk is low.

10.3.1. Evaluation

Echocardiography is used for initial evaluation, but is frequently limited
by acoustic shadowing due to severe calcification. Evaluation of MVA by
planimetry is less reliable than in rheumatic MS, and TOE should
therefore be used liberally. Degenerative MS can coexist with varying
degrees of MR. Mean transmitral gradient has been shown to be asso-
ciated with increased mortality irrespective of MR severity.?”*
Electrocardiogram-gated CCT is necessary to assess the degree and lo-
cations of calcifications, especially if an intervention is planned.6*7¢74-67¢

Calcifications are usually more prominent at the posterior aspect of the
annulus.

10.3.2. Indications for intervention

Intervention is recommended in symptomatic patients who are not re-
sponsive to medical therapy, weighing the potential benefits of the pro-
cedure against its associated risks. In elderly patients with degenerative MS
and MAC, surgery is technically challenging and high risk. However,
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surgical MV repair or replacement with extensive decalcification and
patch reconstruction of the annulus can be performed in selected patients
at experienced centres (e.g. young patients post-chest radiation), where
mortality rates of <5% have been reported.”” "%

Degenerative MS is not amenable to PMC because commissural fu-
sion is absent. In symptomatic high-risk patients with suitable anat-
omy, transcatheter implantation of a TAVI prosthesis in the mitral
position is feasible but associated with frequent complications, includ-
ing LVOT obstruction, valve embolization, stroke, and haemolysis due
to PVL. Open surgical valve replacement via the LA with a TAVI device
is an alternative that allows complete anterior leaflet removal;*%
however, mortality remains high. The use of dedicated TMVI devices
is therefore encouraged because it appears to be safer.>*2¢®1 Heart
Team evaluation should guide the choice of treatment avoiding futility,
because mortality remains high, even after successful treatment
(10%-30% within 1 year).

Recommendation Table 8 — Recommendations on
indications for percutaneous mitral commissurotomy,
mitral valve surgery, and transcatheter intervention
in clinically severe rheumatic and degenerative mitral
stenosis (see also Supplementary data online,
Evidence Table 21)

Level®

Recommendations Class®

PMC is recommended in symptomatic patients in the

absence of unfavourable characteristics for PMC. | B
651-653,662,665

PMC is recommended in any symptomatic patients
with a contraindication or at high risk for surgery.
MV surgery is recommended in symptomatic
patients who are not suitable for PMC.

PMC should be considered as initial treatment in

symptomatic patients with suboptimal anatomy but Ila C

no unfavourable clinical characteristics for PMC.©

PMC should be considered in asymptomatic patients

without unfavourable clinical and anatomical

characteristics for PMC, and:

+ High thromboembolic risk (history of systemic
embolism, dense spontaneous contrast in the LA, lla (o
new-onset or paroxysmal AF), and/or

* High risk of haemodynamic decompensation
(SPAP >50 mmHg at rest, need for major NCS,
pregnant or desire for pregnancy).

TMVI may be considered in symptomatic patients

with extensive MAC and severe MV dysfunction at

experienced Heart Valve Centres with expertise in IIb C

complex MV surgery and transcatheter

interventions.> 2680681

AF, atrial fibrillation; LA, left atrium/left atrial; MAC, mitral annular calcification; MV, mitral
valve; NCS, non-cardiac surgery; NYHA, New York Heart Association; PH, pulmonary
hypertension; PMC, percutaneous mitral commissurotomy; SPAP, systolic pulmonary
artery pressure; TMVI, transcatheter mitral valve implantation; TR, tricuspid regurgitation.
?Class of recommendation.

®Level of evidence.

“Unfavourable characteristics for PMC can be defined by the presence of several of the
following characteristics: clinical characteristics (old age, history of commissurotomy, NYHA
class IV, permanent AF, severe PH); anatomical characteristics [echocardiographic score >8,
Cormier score group 3 (calcification of MV of any extent as assessed by fluoroscopy),
severe TR] (for the definition of scores see Supplementary data online, Table S3).

© ESC/EACTS 2025

Table 8 Contraindications for percutaneous mitral
commissurotomy in rheumatic mitral stenosis

Contraindications

MVA >1.5 cm”

LA thrombus®

More than mild MR

Severe or bi-commissural calcification

Absence of commissural fusion

Severe concomitant AV disease, or severe combined tricuspid stenosis and
regurgitation requiring surgery

Concomitant CAD requiring bypass surgery

AV, aortic valve; CAD, coronary artery disease; LA, left atrium/left atrial, MR, mitral
regurgitation; MVA, mitral valve area; OAC, oral anticoagulation; PMC, percutaneous
mitral commissurotomy; TOE, transoesophageal echocardiography.

*PMC may be considered in patients with MVA of >1.5 cm? with symptoms that cannot be
explained by another cause and if the anatomy is favourable.

®When the thrombus is located in the LA appendage, PMC may be considered in patients
with contraindications to surgery or those without urgent need for intervention, in whom
OAC can be safely given for 1-3 months, provided repeat TOE confirms resolution of
thrombus.

11. Tricuspid regurgitation

11.1. Prevalence and aetiology

TR is a common echocardiographic finding in the general population,
with higher prevalence in women and older patients. Trivial or mild
TR is mostly a benign condition. Significant TR (> moderate) has a re-
ported age- and sex-adjusted prevalence of 0.55% (4% in people aged
>75 years).%®” Severe TR is associated with increased risk of death
and HF, independent of comorbidities, ventricular function, and pul-
monary pressures.f’gy686

Only 8%—10% of patients with TR present with clear anatomical ab-
normalities of the TV apparatus (primary TR), which can be due to infect-
ive endocarditis, RHD, carcinoid syndrome, congenital abnormalities (e.g.
Ebstein’s anomaly), chest radiation, or myxomatous disease, as well as
trauma or iatrogenic valve damage (e.g. after endomyocardial biopsy).¢®>
Cardiac implantable electronic device (CIED)-related TR represents a
separate entity requiring a specific diagnostic approach and manage-
ment.®” In patients with a CIED, diagnostic efforts should be made to
clarify if the lead is the cause of TR (CIED-related TR) or incidental
(CIED-associated TR).%®

In patients with secondary TR, TV leaflets are structurally normal and
regurgitation is caused by annular dilatation and/or leaflet tethering due
to RA dilatation, and/or RV dilation and dysfunction. Based on the main
morphological and haemodynamic characteristics, two phenotypes of
secondary TR have been proposed:*®” (i) atrial secondary TR, mainly
due to AF and characterized by the absence of significant leaflet tether-
ing, but with marked RA and annular dilatation along with preserved RV
size/function, pulmonary pressure, and LV function; and (ii) ventricular
secondary TR, due to annular dilatation and leaflet tethering as a con-
sequence of left-sided ventricular or valvular disease (post-capillary
PH), pre-capillary PH, or primary RV cardiomyopathy/ischaemia (also
after left-sided valve surgery).”® At an advanced disease stage, these
two phenotypes may no longer be distinguishable, and therefore early
characterization is key to determine outcome.®”"?? Evidence of an im-
pact on patient management is currently lacking; therefore, current
recommendations for intervention consider mainly primary vs second-
ary TR.

© ESC/EACTS 2025
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11.2. Evaluation

Echocardiography is recommended to assess patients with TR* and
should include evaluation of severity and aetiology (including character-
ization of left-sided heart disease and, if applicable, CIED lead location
and interaction with the valve apparatus), the impact of TR on the right-
sided chambers (RV and RA size and function), and assessment of cen-
tral venous (inferior vena cava) and pulmonary pressures. Transthoracic
echocardiography provides sufficient diagnostic information in most
patients. Transoesophageal echocardiography is necessary for when
visualization of the TV apparatus. In candidates for an intervention, ad-
vanced techniques, such as strain analysis and 3D echocardiography,
should also be applied when available.

Assessment of TR severity should be ideally performed in euvolae-
mic status, with optimized pulmonary and systemic pressures, and
based on an integrative approach considering multiple qualitative and
quantitative parameters (Figure 15).**%3 A grading scheme extending
beyond severe, including ‘massive’ and ‘torrential’ grades, has been pro-
posed to refine TR reduction assessment after transcatheter interven-
tions and has been used in several studies.®™*** Although this
five-grade scale may be associated with a proportional increase in
symptoms and event risk,%**¢” an intervention should be considered
without delay, as soon as TR is severe, with the aim of reducing TR
to moderate or less.*”*”

Echocardiographic assessment of the RV is challenging due to its
complex geometry, imaging constraints, and the high dependency on
loading conditions. When accurate measurements of RV size and func-
tion, as well as RV volume, are necessary for decision-making, CMR
should be used because of its high accuracy and reproducibility.*”®¢?
In Figure 15, upper limits of normal for different RV size parameters
are provided to guide definition of RV dilatation and remodelling. In
the setting of severe TR, RV function is often overestimated and there-
fore the most conservative/cautious thresholds are suggested for the
currently used echocardiographic parameters to identify RV dysfunc-
tion at the earliest stage possible. Cut-off values for severe RV dysfunc-
tion are also provided to indicate high-risk or possibly futile
interventions. Although robust validation is lacking, all these reference
values are chosen based on large multicentre reports of normative data
and outcomes 60677700704

Echocardiography often underestimates pulmonary pressures in
cases of severe TR.”% Right heart catheterization is therefore recom-
mended in all candidates for an intervention to assess the haemo-
dynamic consequences of TR on the RA and venous circulation (e.g.
ventricularization of the RA pressure curves), measure end-diastolic
RV pressure, and document volume overload. The assessment of pul-
monary pressures and vascular resistance are key to exclude masked
severe pre-capillary PH.”%

RV—pulmonary artery coupling refers to the ability of the RV systolic
performance to match a given pulmonary afterload maintaining ad-
equate cardiac output, and can be measured invasively or approxi-
mated using echocardiography [i.e. tricuspid annular plane systolic
excursion (TAPSE)/SPAP].”%"7%® RV—_pulmonary artery uncoupling
(low TAPSE/SPAP) occurs when sustained increases in afterload can-
not be matched by RV contractile reserve and has been associated
with poor prognosis in different HF conditions, including severe TR.
Although not yet prospectively validated, this index may improve
risk stratification.

Electrocardiogram-gated CCT with dedicated protocols ensuring
sufficient contrast enhancement of the right heart cavities provides de-
tailed characterization of the RA, RV, and vena cava anatomy, the loca-
tion of the right coronary artery, and is crucial to assess suitability and
device sizing for several transcatheter interventions.®®**"”

Before any intervention is considered, careful evaluation of TR aeti-
ology, disease stage (TR severity, RV and LV dysfunction, and PH), pa-
tient operative risk, and likelihood of recovery by a dedicated
collaborative Heart Team is recommended (Figure 16). Dedicated clin-
ical risk scores for TR patients have been described recently. The
TRI-SCORE’*” and the STS isolated TV risk calculator” ' take into con-
sideration clinical and echocardiographic signs of RV dysfunction, and
secondary organ (particularly hepatic and renal) impairment. They
both allow improved estimates of peri-procedural risk in patients
with severe TR undergoing surgery and possibly help to avoid futile in-
terventions.2*”"" The importance of risk stratification was demon-
strated in a recent registry analysis (n=2413) comparing any
interventions with conservative management. Early TV intervention
(transcatheter valve repair or surgery) was associated with improved
mid-term survival in patients with a low or intermediate TRI-SCORE
(up to 5 points), while patients with a high TRI-SCORE (>6) did not de-
rive any benefit compared with conservative management.®”®
Moreover, isolated TV surgery (repair or replacement) improved sur-
vival at 10 years in patients with a low TRI-SCORE (<3). The same
benefit was observed in patients with an intermediate TRI-SCORE
(4-5) after successful TV repair only.¢3%¢977%? patients with moderate
or severe TR should be regularly followed up clinically and by echocar-
diography at least every 6 months.

11.3. Medical therapy
Patients with relevant TR should be first treated according to the as-
sumed aetiology, including optimal HF treatment, pulmonary vasodila-
tors for PH, and rhythm control for AF. 339693

In the case of HF symptoms, diuretics should be initiated in a step-
wise ap|:>roach,339 beginning with loop diuretics eventually combined
with aldosterone antagonists, thiazide diuretics, and/or SGLT2is.”"?
However, according to current knowledge, medical therapy has very
limited effect on the evolution of TR severity and none of these mea-
sures should delay evaluation of an intervention at an expert centre.” ">

11.4. Indications for intervention

11.4.1. Surgery

Patients are often referred too late for surgery when significant RV and
other organ failure have occurred. Isolated TV surgery has therefore
been considered to be generally high risk, with in-hospital mortality
rates of 8%—10% in several reports,”'*”"> but contemporary cohorts
have demonstrated improved outcomes when patients are referred
earlier and more effective techniques are used.”'® Valve repair using
an annuloplasty ring is preferred over replacement, whenever technic-
ally feasible, especially in low-risk patients with suitable anatomy.”®’
However, TV replacement may be necessary in cases of advanced dis-
ease with marked annular dilatation and leaflet tethering®®®”"” For
CIED-related TR, preparation of any entrapped tricuspid leaflet and
possibly lead extraction with implantation of an epicardial system has
been associated with improved TV function.®87"7
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Figure 15 Echocardiographic and invasive assessment of tricuspid regurgitation. 3D, three-dimensional; CIED, cardiac implantable electronic device;
CW, continuous-wave; EROA, effective regurgitant orifice area; FAC, fractional area change; FWS, free wall strain; GLS, global longitudinal strain; mPAP,
mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PH, pulmonary hypertension; PISA, proximal isovelocity surface area; PVR,
pulmonary vascular resistance; RF, regurgitant fraction; RV, right ventricle/ventricular; RVEF, right ventricular ejection fraction; RVol, regurgitant volume;
TAPSE, tricuspid annular plane systolic excursion; TDI, tissue Doppler imaging; TR, tricuspid regurgitation; VCA, vena contracta area; WU, wood unit.

RV apical focused view.
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Figure 16 Stepwise evaluation of patients with tricuspid regurgitation. RV, right ventricle/right ventricular. *See Supplementary data online, Table $4.

11.4.1.1. Patients without indication for left-sided valve

surgery

In patients with severe TR but without the need for left-sided valve sur-
gery, surgical intervention is recommended in operable symptomatic
patients with primary TR (Figure 17; Recommendation Table 9).”'®
Furthermore, it should be considered in symptomatic patients with sec-
ondary TR, or in asymptomatic patients with primary or secondary TR
and signs of RV dilatation or RV function deterioration.”"” However,
patients with severe LV/RV dysfunction or PH do not qualify due to
high operative risk.2+¢8¢720

11.4.1.2. Patients with indication for left-sided valve surgery
Severe primary or secondary TR is unlikely to improve after isolated
surgical treatment of left-sided valve disease, and reoperation for
TR treatment is associated with high peri-operative mortality.”*’
Therefore, TV surgery is recommended at the time of the index
procedure.

Mild TR with associated significant annular dilatation or moderate
TR, if left uncorrected at the time of left-sided valve surgery, will pro-
gress in approximately one-quarter of patients and is associated with
worse outcome.®”*”?? In patients with moderate TR, TV repair annu-
loplasty during MV surgery should be considered, because large retro-
spective studies’>>”?* and two recent RCTs have shown beneficial
effects on TR progression and RV remodelling over time.”2>72¢
However, no effects on mortality, HF events, or reoperation were ob-
served in the repair group.”?>’*” Concomitant TV repair has also
been associated with a higher risk of conduction disturbances requir-
ing pacemaker implantation (up to 14%),”%>"?8 with potential negative
impacts on longer-term outcomes.”?*73% | patients with mild TR and
annular dilatation (=40 mm or >21 mm/m?) undergoing left-sided
valve surgery, previous observational studies have demonstrated a
benefit of concomitant TV repair in terms of TR progression’>>72*
and RV function,”®" and a trend towards improved long-term survival.”%*
However, a subanalysis of a recent RCT did not identify any difference in
the progression of TR or other outcomes in this category of patients
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during a 2-year follow-up |:>er'iod.725 In turn, the need of pacemaker im-
plantation after surgery led to a subsequent increase in HF hospita-
lizations, endocarditis, and mortality.”>* Annuloplasty may therefore
be considered after careful evaluation of the risk factors for progres-
sive annular dilatation and TR (AF, RA size, pulmonary pressures,
etc.), balancing against the risk of possible pacemaker implantation

11.4.2. Transcatheter techniques

Several transcatheter approaches for the treatment of TR have been
developed, including TEER, direct annuloplasty, and orthotopic and het-
erotopic TV replacement. Data from large multicentre registries, single-
arm clinical trials, and two recent RCTs in patients with severe TR at
intermediate and high risk for surgery have shown the safety of trans-

\

(Supplementary data online, Table $5).732 catheter repair, as well as the ability to reduce TR to moderate or less in
4 Patient with tricuspid regurgitation
@®)—  Need for left-sided valve surgery ~ o— z
Severity/aetiology of TR

I

\_

Severe primary Mild Moderate or severe
or secondary TR secondary TR primary or secondary TR
Severe RV/LV TA dilatation 7
dysfunction or (240 mm or >21 mm/m2) = - ‘
severe pre-capillary
pulmonary hypertension i
ﬁ
D e ?
Y N
T Y No concomitant
Symptomatic —¥. TS
f
?
RV dilatation or - Appropriate for surgery -
RV function o Y according to — X
deterioration the Heart Team
T 7

N N

v T T v v
. Transcatheter

Medical therapy therapy? TV surgery®

(— Severity/aetiology of TR

@Eesc @EACTS

Figure 17 Management of patients with tricuspid regurgitation. LV, left ventricle/left ventricular; RV, right ventricle/right ventricular; TA, tricuspid
annulus; TR, tricuspid regurgitation; TV, tricuspid valve. *The Heart Team with expertise in the treatment of TV disease evaluates anatomical eligibility
for transcatheter therapy including jet location, coaptation gap, leaflet tethering, and potential interference with pacing lead. "Repair whenever possible,

particularly in cases of moderate TR or mild TR with significant TA dilatation.
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more than 80% of cases when anatomical suitability was con-
firmed.”"373373> The Clinical Trial to Evaluate Cardiovascular
Outcomes in Patients Treated With the Tricuspid Valve Repair
System (TRILUMINATE) Pivotal Trial showed also a lower incidence
of the composite endpoint of death from any cause or TV surgery,
HF hospitalization, and improvement in quality of life as measured
with the KCCQ score after tricuspid TEER compared with medical
treatment that was exclusively driven by improved quality of life
[11.7 points (95% Cl, 6.8-16.6); P <0.001].”"> At 2 years, a lower inci-
dence of HF hospitalizations has been observed in the intervention
group, despite a high rate of crossovers (59%).”3¢

Another investigator-initiated RCT (the Tri.Fr trial) demonstrated
the benefit of tricuspid TEER in combination with GDMT over medical
therapy alone, for a composite score driven by improved PROMs.””
Another recent RCT (the Edwards EVOQUE Transcatheter
Tricuspid Valve Replacement: Pivotal Clinical Investigation of Safety
and Clinical Efficacy using a Novel Device (TRISCEND) Il trial), compar-
ing transcatheter TV replacement with optimized medical therapy in
patients with symptomatic severe TR, showed similar results with a
win ratio favouring TV replacement mainly explained by symptom
and quality-of-life improvement. In these studies, reverse RV remodel-
ling was also observed. However, the safety profile of transcatheter TV
replacement was less favourable, including higher risk for major bleed-
ing (15%) and post-procedural pacemaker implantation in about one-
quarter of the pacemaker-naive patients after 12 months of follow-
up.738 Based on these data, transcatheter treatment should be consid-
ered to improve quality of life and RV remodelling in high-risk patients
with symptomatic severe TR, despite optimal medical therapy, but
without severe RV dysfunction or pre-capillary PH.

Transvenous CIED lead repositioning or extraction can be consid-
ered in selected patients to improve TR or avoid lead jailing before
any tricuspid interventions, although the efficacy of this procedure is
uncertain and the risk of damaging the TV not negligible.®®®7"773°

Recurrent TR after previous tricuspid annuloplasty usually requires car-
diac reoperation for surgical TV replacement. Transcatheter valve-in-ring
implantation is an off-label procedure to treat residual TR in high-risk pa-
tients. Challenges are the non-circular shape and the open form of the sur-
gical annuloplasty ring”*® However, transcatheter tricuspid valve-in-valve
procedures have been performed with satisfactory results.”*!

Transcatheter TV procedures should be performed at an ex-
perienced Heart Valve Centre with expertise in the treatment of
TV disease (Table 6). Careful evaluation of clinical and anatomical
suitability is key for appropriate patient and device selection to
achieve optimal TR reduction and symptomatic response to the
therapy.

Recommendation Table 9 — Recommendations on in-
dications for intervention in tricuspid regurgitation (see
also Supplementary data online, Evidence Tables 22 and 23)

Recommendations Class® Level®

Careful evaluation of TR aetiology, stage of the
disease (i.e. degree of TR severity, RV and LV
dysfunction, and PH), patient operative risk, and
likelihood of recovery by a multidisciplinary Heart
Team is recommended in patients with severe TR

prior to intervention.®”!742

Continued

Patients with tricuspid regurgitation and left-sided valvular
heart disease requiring surgery

Concomitant TV surgery® is recommended in

patients with severe primary or secondary | B
TR725731743,744

Concomitant TV repair should be considered in
patients with moderate primary or secondary TR, to

Illa B
avoid progression of TR and RV
remodelling 723724726731
Concomitant TV repair may be considered
in selected patients with mild secondary TR
and tricuspid annulus dilatation (>40 mm or Iib B

>21 mm/m?), to avoid progression of TR and RV

remodelling.723_726’731 743

Patients with severe tricuspid regurgitation without left-sided
valvular heart disease requiring surgery

TV surgery© is recommended in symptomatic
patients with severe primary TR without severe RV | (o
dysfunction or severe PH.

TV surgery© should be considered in asymptomatic
patients with severe primary TR who have RV

dilatation/RV function deterioration, but without fla ¢
severe LV/RV dysfunction or severe PH.

TV surgery© should be considered in patients with

severe secondary TR who are symptomatic or have lla B

RV dilatation/RV function deterioration, but without
severe LV/RV dysfunction or PH.85720745-747
Transcatheter TV treatment should be considered to
improve quality of life and RV remodelling in high-risk
patients with symptomatic severe TR despite optimal Ila
medical therapy in the absence of severe RV

dysfunction or pre-capillary PH.”"3733735.738.748-751

LV, left ventricle/left ventricular; PH, pulmonary hypertension; RV, right ventricle/right
ventricular; TR, tricuspid regurgitation; TV, tricuspid valve.

Class of recommendation.

PLevel of evidence.

“Valve repair whenever possible.

12. Tricuspid stenosis

12.1. Prevalence and aetiology

Tricuspid stenosis (TS) is a relatively rare disease that is most commonly
associated with congenital conditions or enzymatic disorders, such as
Whipple’s or Fabry’s disease. It can also be acquired as an isolated mani-
festation of RHD or occur in combination with aortic and/or MV involve-
ment. Moreover, TS can be the consequence of carcinoid disease due to
serotonin-mediated proliferation, causing apposition of fibroblasts and
extracellular matrix on the valve leaflets and the subvalvular apparatus.
Rare causes include medications (e.g. fenfluramine or methysergide) or in-
flow obstruction due to CIED-associated thrombus formation or endo-
carditis with large vegetations.

12.2. Evaluation

Valve evaluation and diagnosis of TS is based on echocardiography, and
consists of the anatomical assessment of the leaflet tissue and the sub-
valvular apparatus. Leaflet thickening with or without calcifications and

© ESC/EACTS 2025
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commissural fusions are pathognomonic findings of rheumatic involve-
ment. A mean diastolic transvalvular gradient of >5 mmHg at a normal

heart rate indicates severe TS.5°

12.3. Medical therapy

Medical therapy is a bridge to surgical or transcatheter intervention.
Intensive sodium restriction and concomitant diuretic therapy can
lead to symptom improvement and diminish hepatic congestion.

12.4. Indications for intervention
Although valve repair is preferred in younger patients,752 valve replace-
ment is frequently required (see Recommendation Table 10). Biological
heart valves have demonstrated adequate mid- and long-term results,
and are preferred over MHVs because of high thrombogenicity in the
low-pressure system.”*? In the case of BHV degeneration, transcatheter
valve-in-valve procedures are good alternatives to re-replacement.”>*
Transcatheter TV implantation is an emerging field, although limited ex-
perience is available for the treatment of TS.”**7>® In patients with car-
cinoid disease, a stable oncological situation is a prerequisite for any
valve intervention to maximize survival and valve durability.”*®
Although data are very limited, TV balloon valvuloplasty can be an
option in selected patients with TS (and no relevant TR), as well as in
those with concomitant mitral and tricuspid rheumatic pathology.”®’
However, in contrast to rheumatic MS, tricuspid rheumatic disease
more frequently presents as combined stenosis and regurgitation,
which limits the applicability of balloon valvuloplasty.

Recommendation Table 10 — Recommendations on
indications for intervention in tricuspid stenosis

Recommendations Class® Level®
Surgery© is recommended in symptomatic patients | c
with severe TS.2

Surgery© is recommended in patients with severe TS I c
undergoing left-sided valve intervention.®

MV, mitral valve; PMC, percutaneous mitral commissurotomy; TS, tricuspid stenosis; TV,
tricuspid valve.

?Class of recommendation.

PLevel of evidence.

“Usually TV replacement.

9Percutaneous balloon valvuloplasty can be attempted as a first approach if TS is isolated.
Percutaneous balloon valvuloplasty can be attempted if PMC can be performed on the MV.

13. Multiple and mixed valvular
heart disease

13.1. Prevalence and undertreatment

Patients frequently present with disease of more than one native heart
valve [multiple VHD (MVHD)], or coexisting stenosis and regurgitation
of the same valve (mixed VHD).”>® While the main cause of MVHD or
mixed VHD has shifted to degeneration in high-income countries, the
leading aetiology in and middle-income countries remains
RHD.”*#7> Regurgitation of atrioventricular valves secondary to cardio-
myopathy or long-standing primary valve disease, and late effects of radi-
ation therapy, are further causes of MVHD.”*®7? Challenges in diagnostic
evaluation coupled with limited data to guide clinical decisions contribute
to late referral and undertreatment of patients with MVHD.”*®

low-

© ESC/EACTS 2025

13.2. Evaluation and diagnostic pitfalls

In view of the complex haemodynamic interplay of multiple and mixed
valve lesions, assessment by a Heart Team at a Heart Valve Centre and
use of an integrative multimodality approach is key to gain diagnostic
certainty, detect cardiac damage, and evaluate therapeutic op-
tions.”®"7? In the light of paucity of data on diagnostic and prognostic
parameters in patients with MVHD, assessment largely focuses on
pathophysiological considerations and evidence derived from isolated
valve lesions.

Echocardiography is the main tool to diagnose MVHD, assess mech-
anism, severity, and associated cardiac damage, and monitor disease
|:>rogression.761 Haemodynamic interdependence between multiple
valve defects alters the loading and flow conditions, thereby limiting
the diagnostic validity of measures established to grade single valve de-
fects (Table 9). In the presence of MVHD, low-flow states are frequent.
The continuity equation becomes erroneous if transvalvular flows are
unequal, and pressure half-time (PHT)-derived methods are inaccurate
if the ventricular compliance or filling is altered.”®" In this context,
TOE can provide important detailed anatomical and mechanistic
flow-independent information.*¢”¢’

If symptoms or echocardiographic findings are equivocal, multimod-
ality diagnostics should be considered on an individual basis to assess
the cumulative repercussions of MVHD.

Measures obtained during cardiopulmonary exercise testing reflect
the effect of MVHD on functional capacity.®>'%>¢**7¢177% | evels of
natriuretic peptides such as NT-proBNP correlate with functional
and echocardiographic parameters, and provide incremental prognos-
tic value in patients with mixed aortic disease and MVHD.”®78° AV cal-
cium scoring confirms the diagnosis of true severe AS under low-flow
conditions, as described in Section 8.2.777 Cardiac magnetic resonance
imaging enables the independent assessment of valvular regurgitation
using volumetric methods or direct flow quantification,*>#¢:>22762781
Importantly, invasive cardiac output-derived measures based on
thermodilution or the Fick equation using estimated oxygen uptake
are inaccurate in low-flow conditions or severe TR, commonly pre-
sent in MVHD.”®?

13.3. Indications for intervention

Given the heterogeneity of clinical scenarios and the lack of evidence on
optimal treatment pathways, it is recommended that patients with
MVHD are evaluated for intervention by a collaborative Heart Team
at a Heart Valve Centre with experience in multimodality imaging
and treatment of complex VHD.'®7¢*

Patients presenting with a lesion fulfilling criteria for an intervention
based on recommendations for single VHD should be treated accord-
ingly. In the remaining patients, assessment of symptoms and functional
status, as well as cardiac damage (which may be masked by the conse-
quences of concomitant lesions and occur before symptoms manifest),
is required. The risk—benefit ratio of intervention needs to take into
account diagnostic (un)certainty, the mechanisms and severity of
MVHD, and patient-specific factors, as well as procedural options and
risks to determine the mode, timing, and sequence of valve treatment.

13.3.1. Multiple valvular heart disease
Multiple VHD with primary (as opposed to secondary) valvular disease
usually requires surgical treatment of all relevant valvular lesions.
Simultaneous treatment of concomitant severe valve defects is recom-
mended and treatment of concomitant moderate AS, or moderate TR,
should be considered (Recommendation Table 11).
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Table 9 Echocardiographic pitfalls, robust measures, and complementary multimodality imaging parameters in mul-
tiple or mixed valvular heart disease

Concomitant AS
valve lesion

AR

MS

MR

TR

Robust echocardiography
measurements

Alternative imaging
modalities

AS

Simplified Bernoulli
equation overestimates
gradient if LVOT
velocity 1 763

Low-flow low-gradient
possible
(low-flow state”¢")

Low-flow low-gradient
(MR-induced low-flow
state’s®)

AS confused with MR jet

Low-flow low-gradient
possible

(TR induced low-flow
state”’")

AVA (continuity equation),
DVI761

In mixed AR and AS: Vax
and mean gradient reflect
combined burden’®®
CT: AV calcium

scoring’’”

Valve lesion to be assessed

AR

PHT unreliable

LV volume increase less
pronounced

(hypertrophy,
disproportionate diastolic LV
pressure overload”®3)

LV volume increase less
pronounced

(reduced preload”®?)

PHT unreliable

(altered LV compliance®3)
Doppler volumetric
method using net mitral
forward flow invalid

(increased flow*®

EROA (PISA), vena

contracta*6.761

CMR: regurgitant volume
and fraction#5:46

Measures reported refer to assessment of the valve lesions listed in the columns. Adapted from 74"

MS

PHT unreliable

(LV compliance | 76%)
Low gradient due to low
flow possible

(low-flow state®®?)

PHT unreliable
(gradient |, altered LV
compliance’¢¢)

MVA by continuity
equation using aortic

forward flow unreliable

PHT unreliable
(altered LA and LV
compliance’6%770)
Continuity equation
unreliable

(increased transmitral
flow”®")
Low gradient possible
(low-flow state®¢8)

PHT may be less reliable
(impaired LV filling due to
ventricular
interdependence’”*""3)
Planimetry and 3D
MVA (TOE)522.775

In mixed MR & MS:
mean gradient reflects

combined burden®”*”7®

MR

Regurgitant volume 1

MR colour-flow jet area 1
(increased afterload and
transmitral systolic pressure

gradient*¢)

Doppler volumetric
method using net aortic
forward flow invalid
Mitral-to-aortic VTI ratio
unreliable

(increased transaortic
flowé)

Mitral-to-aortic VTI ratio
unreliable

(increased mitral VT due to
stenosis’¢7)

Calcifications may shadow

jet area

Regurgitant volume/ in
SMR possible
(decreased preload’”4)

EROA (PISA), vena

contracta*6.761

CMR: regurgitant volume
and fraction*>:4¢

3D, three-dimensional; AR, aortic regurgitation; AS, aortic stenosis; AV, aortic valve; AVA, aortic valve area; CMR, cardiac magnetic resonance; CT, computed tomography; DVI, Doppler
velocity index; EROA, effective regurgitant orifice area; LA, left atrium/left atrial; LV, left ventricle/left ventricular; LVOT, left ventricular outflow tract; MR, mitral regurgitation; MS, mitral

stenosis; MVA, mitral valve area; PHT, pressure half-time; PISA, proximal isovelocity surface area; S

MR, secondary mitral regurgitation; TOE, transoesophageal echocardiography; TR, tricuspid

regurgitation; VHD, valvular heart disease; Vinay, peak transvalvular velocity; VTI, velocity time integral; 1, increase; |, decrease; —, none.

Transcatheter treatment options are established for severe AS
(TAVI), rheumatic MS (PMC), and primary MR and TR (TEER or trans-
catheter replacement) in patients with MVHD at high surgical risk, if
anatomy is suitable.**"783 In the context of a transcatheter strategy,
a staged approach—typically beginning with the downstream lesion

(aortic, followed by mitral and tricuspid)—is generally preferred to
avoid potential haemodynamic deterioration.”®*78

MVHD with severe secondary regurgitation of both atrioventricular
valves is usually the consequence of either HFrEF with ventricular SMR
and secondary TR, or atrial dilatation leading to both atrial MR and TR

© ESC/EACTS 2025
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(often TR > MR). While surgery aims to address all relevant valve lesions
in a single procedure, a stepwise transcatheter strategy offers the possi-
bility of reassessing the upstream valve(s) under altered loading condi-
tions, usually 3 months after the initial intervention. In very selected
cases simultaneous transcatheter valve treatment may be consid-
ered.”®®7%% However, evidence is limited and primarily derived from
modestly sized observational studies.”%¢~7%°

13.3.2. Mixed aortic valve disease

The severity of mixed AV disease is often underestimated and patients
with balanced moderate AR and AS show adverse event rates compar-
able to patients with severe isolated AS.”7%7""

Transvalvular gradients measured by Doppler reflect the overall
haemodynamic burden of both regurgitation and stenosis, and are strong-
ly associated with adverse outcomes.”®>”?"?3 Therefore, the presence
of high transvalvular gradients justifies valve intervention in patients
with moderate mixed AV disease, even if regurgitation is graded as mod-
erate and the calculated or planimetric AVA is >1 cm? (Recommendation
Table 12). Patients presenting with mixed AV disease, but with gradients
below thresholds for intervention, should undergo careful multimodality
diagnostics including assessment of cardiac damage to inform individual
treatment strategies. Global longitudinal strain and natriuretic peptides
have shown incremental prognostic value beyond symptom status and
single lesion severity in patients with preserved LVEF.762794-7%

13.3.3. Mixed mitral valve disease

Mixed MV disease is usually present in patients with rheumatic valve dis-
ease or MAC. If MVA is <1.5 cmz, recommendations for isolated MS
apply. However, patients with an MVA of >1.5 cm® and moderate
MR may be evaluated for valve replacement based on symptoms, ana-
tomical characteristics, transmitral gradient, and signs of cardiac damage
such as LA dilatation, AF, or PH.327¢74776.797

Recommendation Table 11 — Recommendations on
indications for surgery of concomitant left-sided valvu-
lar heart disease®

Level®

Recommendations Class®

Concomitant aortic stenosis

SAVR is recommended in patients with severe AS
undergoing surgery for another valve.

SAVR should be considered in patients with
moderate AS? undergoing surgery for another valve.

Concomitant aortic regurgitation

AV surgery is recommended in patients with severe

AR undergoing surgery for another valve.
Concomitant mitral regurgitation

MV surgery is recommended in patients with severe I c
MR undergoing surgery for another valve.

AR, aortic regurgitation; AS, aortic stenosis; AV, aortic valve; AVA, aortic valve area; MR, mitral
regurgitation; MV, mitral valve; SAVR, surgical aortic valve replacement; TV, tricuspid valve.
“Recommendations for surgery of concomitant TV disease are listed in Section 11 and Section 12.
®Class of recommendation.

“Level of evidence.

9Defined as an AVA of 1.0-1.5 cm? (or mean aortic gradient of 25-40 mmHg) in normal-flow
conditions. Clinical assessment is essential to determine whether SAVR is appropriate for an
individual patient.
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Recommendation Table 12 — Recommendations on
indications for intervention in patients with mixed mod-
erate aortic stenosis and moderate aortic regurgitation
(see also Supplementary data online, Evidence Table 24)

Recommendations Class®* Level®

Intervention is recommended in symptomatic
patients with mixed moderate AV stenosis® and
moderate regurgitation, and a mean

gradient >40 mmHg or V., >4.0 m/s.”%%7%3
Intervention is recommended in asymptomatic
patients with mixed moderate AV stenosis® and
moderate regurgitation with V., >4.0 m/s, and I C
LVEF <50% not attributable to other cardiac

- 791
disease.

AV, aortic valve; AVA, aortic valve area; LVEF, left ventricular ejection fraction; Vi, peak
transvalvular velocity.

?Class of recommendation.

®Level of evidence.

SAVA >1 cm?

13.4. Follow-up

Due to the cumulative haemodynamic impact of MVHD or mixed
VHD, progression of its severity and the development of cardiac dam-
age may be faster than in single VHD.”®" Therefore, follow-up intervals
should be adjusted according to individual patient characteristics.

14. Management of patients with
prosthetic valves or valve repair

14.1. Choice of prosthetic valve

When choosing between an MHV and a BHV prosthesis for an individual
patient, age, life expectancy, lifestyle, bleeding and thromboembolic risks,
possibility of pregnancy, and patient preference should be considered.
Life expectancy is estimated according to age, sex, comorbidities, ethnicity,
and geographical area’”® An MHV is preferred in younger patients with
longer life expectancy and in those with a pre-existing indication for long-
term OAC (Recommendation Table 13). Generally, a BHV is implanted in
patients with shorter life expectancy, increased bleeding risk due to frailty
or comorbidities, in women contemplating pregnancy, and in patients in
whom stable INRs with adequate times in therapeutic range are unlikely.”*®
Importantly, the performance of different BHV prostheses can vary consid-
erably.5% The impact of the aetiology of the native valve disease, if any, on
the choice between an MHV and a BHV remains unexplored.

Several large observational studies, smaller RCTs, and meta-analyses
have compared long-term mortality with BHV and MHV prostheses in
patients aged 50-70 years.*’*#"8% Some of the studies showed
lower mortality with an MHV in AV patients <60 years and MV patients
<65years old®"®* while others failed to show any differ-
ences.3 76802893 Most of these studies were limited by their observa-
tional nature and missing information on the type of prostheses
implanted. RCTs with sufficient statistical power comparing biological
and mechanical prostheses are warranted.

Replacement of the AV using an autograft (Ross procedure) is an
alternative to an MHV in young patients that should be performed
at experienced centres by operators with dedicated expertise (see
also Section 8).806 General recommendations are summarized in
Recommendation Table 13.

© ESC/EACTS 2025
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Recommendation Table 13 — Recommendations for
prosthetic valve selection

Recommendations Class® Level®

Mechanical heart valve

An MHV is recommended according to the desire of
the informed patient and if there is no I C
contraindication to long-term anticoagulation.
An MHV should be considered in patients with an
estimated long life expectancy,® if there are no lla B
contraindications for long-term OAC 801807811
An MHYV should be considered in patients aged
<60 years for prostheses in the aortic position and

i i lla C
aged <65 years for prostheses in the mitral

position, 201807811

An MHYV should be considered in patients with a " C
a

pre-existing MHV in another position.

An MHV may be considered in patients with a clear

1Ib C
indication for long-term OAC.

Biological heart valve

A BHV is recommended according to the desire of
the informed patient.

A BHV is recommended when an adequate quality of
anticoagulation with VKA is unlikely, in patients at
high bleeding risk, or with estimated short life
expectancy.

A BHYV should be considered in patients aged

>65 years for prostheses in the aortic position or lla (o)
aged >70 years for prostheses in the mitral position.

A BHYV should be considered in women

[F C
contemplating pregnancy.

BHYV, biological heart valve; MHV, mechanical heart valve; OAC, oral anticoagulation; VKA,
vitamin K antagonist.

?Class of recommendation.

®Level of evidence.

“Life expectancy should be estimated according to age, sex, comorbidities, ethnicity, and
geographical area.

14.2. Follow-up of patients with prosthetic

valves
All patients with prosthetic valves require lifelong clinical and echocar-
diographic follow-up to detect deterioration of prosthetic function,
associated cardiac damage, or progressive disease of another valve.
Serial TTE measurements of transprosthetic gradients, calculation of
the effective valve area, and evaluation of leaflet motion and morph-
ology should be performed in patients receiving a BHV within
3 months after valve implantation, again at 1 year, and annually there-
after, or sooner if new cardiovascular symptoms occur.®'> TOE is re-
commended in all cases of suspected prosthetic valve dysfunction or
endocarditis. In the latter case, CCT and PET-CT are also recom-
mended, if the diagnosis is unclear, and to identify primary or second-
ary infection foci.®

Cinefluoroscopy for MHVs and CCT provide useful additional infor-
mation, if valve thrombus or pannus is suspected.®’? Imaging should be
repeated in the case of thrombolytic and antithrombotic treatment of
MVH thrombosis, even if gradients are normalized &3

© ESC/EACTS 2025

14.3. Antithrombotic therapy in patients
with treated valvular heart disease

14.3.1. Mechanical heart valves

14.3.1.1. Post-operative anticoagulation and therapeutic targets
Mechanical heart valves require lifelong treatment with a VKA
guided by the INR. Bridging with either therapeutic unfractionated
heparin (UFH) or low-molecular-weight heparin (LMWH) and
VKA should be initiated within 24 h after MHV implantation, or as
soon as considered safe. Heparin can be stopped when the INR is
documented for 2 consecutive days within the therapeutic range
(Figure 18).8" Two meta-analyses and a prospective study have sug-
gested slightly lower bleeding rates using UFH bridging compared
with LMWH after MHV replacement or cardiac surgery.84-81¢
However, RCTs comparing the timing and dosage of each bridging
strategy are lacking.

For all patients with an MHYV, lifelong VKA is recommended to
avoid major thrombotic complications, since cardioembolic or valve
thrombosis rates without anticoagulation are substantial (12% per
year and 22% per year for first-generation aortic and mitral MHVs,
respectively).5'” The INR target and range should be chosen consid-
ering the type, position, and number of valves, the patient’s thrombot-
ic risk, and comorbidities (see Table 10 and Recommendation
Table 14). In patients with an MHV developing a major thrombo-
embolic complication despite adequate INR and time in therapeutic
range (TTR, usually defined as >60%),%% either increased VKA inten-
sity (e.g. INR target and range increased by 0.5 units) or the addition
of low-dose acetylsalicylic acid (ASA) (75-100 mg/day) should be con-
sidered.®'® Direct oral anticoagulants or dual antiplatelet therapy
(DAPT) are contraindicated to prevent thromboembolism in patients
with an MHV. #2182

Given the complexity of lifelong VKA therapy due to high intra-
and interpatient variability, the need for monitoring, drug and food
interactions,gzs'826 the narrow therapeutic window, influence of co-
morbidities, and non-modifiable characteristics (e.g. ageing, genetics,
and ethnicity), RCTs have shown that patient’s education, as well
as disease and treatment awareness, significantly improves anticoa-
gulation quality and adherence.®?’783% International normalized ra-
tio self-monitoring and/or self-management increase efficacy, but
not safety, as compared with a standard approach; INR self-
monitoring can be used by motivated patients after adequate
training.827_830

The indication for VKA and DAPT combination in MHV patients
presenting with acute coronary syndrome is described in the corre-
sponding ESC Guidelines.”"®" In patients with an MHV and an in-
dication for single antiplatelet therapy (SAPT) due to symptomatic
major atherosclerotic diseases and low bleeding risk, low-dose
ASA in combination with a VKA should be considered, because
this strategy has been shown to significantly lower the incidence
of major adverse cardiovascular events.2'® However, the combin-
ation of antiplatelet agents (single or dual) and VKA increases the
risk of bleeding®® and therefore their use should be carefully
weighted. In a large meta-analysis that included MHV patients, the
combination of VKA with either ASA or clopidogrel increased clin-
ically relevant bleeding compared with VKA alone (clopidogrel odds
ratio, 3.55; 95% Cl, 2.78-4.54; ASA odds ratio, 1.50; 95% ClI, 1.29—
1.74), which may be aggravated because of potential pharmacoki-
netic drug interactions on the cytochrome P (CYP)450s 2C19 and
3A4.5%
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Figure 18 Antithrombotic therapy following mechanical heart valve implantation. AF, atrial fibrillation; ASA, acetylsalicylic acid; INR, international normal-
ized ratio; LMWH, low-molecular-weight heparin; LV, left ventricle/left ventricular; LVEF, left ventricular ejection fraction; MHV, mechanical heart valve; MS,
mitral stenosis; N, no; NCS, non-cardiac surgery; TTR, time in therapeutic range; UFH: unfractionated heparin; VKA, vitamin K antagonist; Y, yes. Skin; minor
eye surgery including cataract; dental cleaning, treatment of caries, and dental extractions; pacemaker or device implantation; and diagnostic cardiac catheter-
ization. "MHV in mitral or tricuspid position, older MHV generations in any position, inherited or acquired hypercoagulable state, LV dysfunction (LVEF
<35%), AF with significant MS, recent (<12 months) major thrombotic event (i.e. cardioembolic stroke, deep vein thrombosis, pulmonary embolism).
“Bridging needs to be started as soon as INR reaches a sub-therapeutic value and on the first postoperative day or as soon as considered safe.
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Recommendation Table 14 — Recommendations for the management of antithrombotic therapy in patients with a

mechanical heart valve

Recommendations

Following cardiac surgery with MHV implantation, it is recommended to start UFH or LMWH bridging and VKA within 24 h, or as soon as

considered safe.81>816832-834

Lifelong OAC with a VKA is recommended for all patients with MHVs to prevent thromboembolic complications.

INR self-monitoring and self-management are recommended over standard monitoring in selected, trained patients to improve

efficacy.gy'828

It is recommended that INR targets are based on the type and position of the MHYV, patient risk factors, and comorbidities.

Patient education is recommended to improve the quality of OACB?7-830

The addition of low-dose ASA (75-100 mg/day) to VKA should be considered in selected patients with MHVs in case of concomitant
symptomatic atherosclerotic disease considering the individual bleeding risk profile.
Either an increase in INR target or the addition of low-dose ASA (75-100 mg/day) should be considered in patients with MHVs who
develop a major thromboembolic complication despite documented adequate INRS'®

DOAC:s and/or DAPT are not recommended to prevent thrombosis in patients with an MHy 81-824

Class® Level®

821-823,835-838 1

c 818,819,835-838

818 lla

Ila

I i - II.I i
© ESC/EACTS 2025

ASA, acetylsalicylic acid; DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; h, hour; INR, international normalized ratio; LMWH, low-molecular-weight heparin; MHYV,
mechanical heart valve; OAC, oral anticoagulation; UFH, unfractionated heparin; VKA, vitamin K antagonist.

?Class of recommendation.
®Level of evidence.
“See Table 10 for details.

Table 10 International normalized ratio targets and
therapeutic ranges for patients with a mechanical heart
valve

Additional
pro-thrombotic

MHYV type and position INR target
and (range)

factors®

First-line treatment with VKA only

Ball-in cage, tilting disc valve No 3 (25-3.5)
in any position, all MHV in Yes 35 (3-4)°
mitral/tricuspid position

Bileaflet, current-generation No 2.5 (2-3)°
single-tilting aortic MHV Yes 3 (2.5-3.5)

AF, atrial fibrillation; ASA, acetylsalicylic acid; INR, international normalized ratio; LV, left
ventricle/left ventricular; LVEF, left ventricular ejection fraction; MHV, mechanical heart
valve; MS, mitral stenosis; VKA, vitamin K antagonist.

?Inherited or acquired hypercoagulable state, LV dysfunction (LVEF <35%), AF with
significant MS, recent (<12 months) major thrombotic event (i.e. cardioembolic stroke,
deep vein thrombosis, pulmonary embolism).

®In patients at very high thrombotic risk, low-dose ASA may be added instea
“In patients at high bleeding risk, INR target could be maintained at a lower interval:
2 (1.5-2.5).8"?

d'818

14.3.1.2. Prevention and management of bleeding

Since patients with MHVs receive lifelong VKA, strategies to prevent
bleeding need to be implemented. Proton pump inhibitors reduce
the risk of upper gastrointestinal bleeding by approximately 40% in pa-
tients taking VKAs®>>#37840 and should therefore be prescribed to pa-
tients with MHVs, particularly in those with additional bleeding risk
factors (e.g. elderly, antiplatelet agent co-administration, chronic use
of non-steroidal anti-inflammatory drugs, high INR, or alcohol abuse).
Randomized controlled trials and a meta-analysis did not demonstrate
a benefit of oral vitamin K1 supplementation in addition to temporary
VKA cessation in non-bleeding patients with a supratherapeutic INR
(4.5-10.0), with a trend toward reduced safety, which may be relevant
for MHV patients.®*'%%2 For non-bleeding patients with an INR of

© ESC/EACTS 2025

>10.0, oral vitamin K1 (2.0-3.0 mg) should be administered, avoiding
overcorrection.?*8%

In cases of uncontrolled life-threatening or other major bleeding®**
VKA use must be interrupted and reversal with non-activated
four-factor prothrombin complex concentrates is preferred over fresh
frozen plasma, because of higher safety and effectiveness.®**#* A reduced
starting dose (12.5 rather than 25 IU/kg) in patients with more thrombo-
genic MHVs may be considered.#*° In addition, vitamin K1 should be ad-
ministered to reverse the effect of VKA. Intravenous route corrects
INR ~4 h faster than oral administration,®*® with no differences at 24 h
and an unknown clinical impact. VKA should be restarted as soon as major
bleeding is controlled.

14.3.1.3. Management of anticoagulation therapy before and after
non-cardiac invasive procedures
In patients with an MHV, VKA treatment should not be interrupted for:
minor or minimally invasive procedures on the skin or eyes (including
cataract with topical anaesthesia); dental cleaning, treatment of caries,
and dental extractions; pacemaker implantation; cardiac catheterization;
and endoscopic procedures (Recommendation Table 15; Table 11).851-8%¢
Topical antifibrinolytic or haemostatic agents may improve local
haemostasis.?*3

In patients with an MHV and high thromboembolic risk
(Recommendation Table 16; Table 11) undergoing non-cardiac, elective
major invasive procedures with high risk of bleeding (see
Supplementary data online, Table $6), VKA treatment must be inter-
rupted at least 4 days before the procedure, bridging with LMWH
should be started as soon as the INR reaches a subtherapeutic value,
and the INR should be <1.5 on the day of surgery?'687:8%8
Measuring anti-Xa activity at peak and trough may be appropriate to
manage LMWH dosing in selected patients, such as those with severe
obesity or underweight.®? In cases of urgent, major invasive proce-
dures, four-factor prothrombin complex concentrate should be admi-
nistrated to timely correct the INR for the intervention, if needed. For
the management of antithrombotic drugs in patients undergoing major
cardiac surgery, please refer to recent EACTS Guidelines.2°

GZ0Z JaquianoN G| uo 1sanb Aq g8y EZ8/v6 LIBYS/ieayina/ea0L 0L /I0p/a|o1ie-aoueApe/flueayina/woo dno-olwapeose//:sdiy Woll papeojumoc]


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf194#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf194#supplementary-data

60 ESC Guidelines

Recommendation Table 15 — Recommendations for the management of antithrombotic therapy in patients with a
mechanical heart valve undergoing elective non-cardiac surgery or invasive procedures

Recommendations Class® Level®
Continuing VKA treatment is recommended in patients with an MHV for minor or minimally invasive interventions® associated with no or minimal I -
bleeding 5518

It is recommended to discontinue VKA at least 4 days before major non-cardiac elective surgery, aiming for an INR <1.5, and to resume VKA | B
treatment within 24 h after surgery, or as soon as considered safe 516857858

VKA interruption and resumption with bridging® should be considered in patients with an MHV and thromboembolic risk factors® lla B
undergoing major NCS 816857.858

Interruption (3—4 days before surgery) and resumption of VKA without bridging may be considered to reduce bleeding in patients with b B

f : i s - N 816,857,858,861-864
new-generation aortic MHVs and no other thromboembolic risk factors® undergoing major NCS or invasive procedures.

AF, atrial fibrillation; h, hour; INR, international normalized ratio; LV, left ventricular; LVEF, left ventricular ejection fraction; MHV, mechanical heart valve; MS, mitral stenosis; NCS, non-cardiac
surgery; VKA, vitamin K antagonist.

?Class of recommendation.

®Level of evidence.

“Skin; minor eye surgery including cataract; dental cleaning, treatment of caries, and dental extractions; pacemaker or device implantation; diagnostic cardiac catheterization; gastroscopic,
colonoscopic, bronchoscopic, or genitourinary diagnostic or therapeutic procedures considered at low bleeding risk.

dBridging needs to be started as soon as INR reaches a subtherapeutic value and on the first post-operative day or as soon as considered safe.

°MHV in mitral or tricuspid position, older MHV generations in any position, inherited or acquired hypercoagulable state, LV dysfunction (LVEF <35%), AF with significant MS, recent
(<12 months) major thrombotic event (i.e. cardioembolic stroke, deep vein thrombosis, pulmonary embolism).

Table 11 Peri-operative management of antithrombotic treatment in patients with a mechanical heart valve undergo-
ing non-cardiac surgery based on type of procedure and underlying risk

Minimally invasive procedures® Major NCS or invasive procedures®

Pre-procedure Post-procedure Pre-procedure Post-procedure
Low thromboembolic risk
New-generation aortic OAC No interruption Continue VKA Interrupt VKA at least 3— Resume VKA as soon as
MHYV and no additional of VKA 4 days prior to procedure  feasible, within 24 h
risk factors® with target INR <1.5 on
the day of surgery
Bridging — — No bridging may be No bridging may be
considered considered, unless unable
to administer OAC
Supporting — Topical antifibrinolyticor ~ — Mechanical and
measures haemostatic agents may pharmacological VTE

be considered to improve prophylaxis, if indicated

local haemostasis

Moderate-to-high thromboembolic risk

MHYV in mitral or OAC No interruption Continue VKA Interrupt VKA at least Resume VKA within 24 h
tricuspid position or of VKA 4 days prior to procedure
other thromboembolic with target INR <1.5 the
risk factors® day of the procedure
Bridging = = Bridging with LMWH or Bridging with UFH or
UFH if CKD stage IV orV, = LMWH post-operatively
starting at INR below the within 24 h
therapeutic range
Supporting = Topical antifibrinolyticor ~ — Appropriate mechanical
measures haemostatic agents may and pharmacological

be considered to improve VTE prophylaxis

local haemostasis

AF, atrial fibrillation; CKD, chronic kidney disease; h, hour; INR, international normalized ratio; LMWH, low-molecular-weight heparin; LV, left ventricle/left ventricular; LVEF, left ventricular
ejection fraction; MHV, mechanical heart valve; MS, mitral stenosis; NCS, non-cardiac surgery; OAC, oral anticoagulation; UFH, unfractionated heparin; VKA, vitamin K antagonist; VTE,
venous thromboembolism.

See Supplementary Table Sé.

Plnherited or acquired hypercoagulable state, LV dysfunction (LVEF <35%), AF with significant MS, recent (<12 months) major thrombotic event (i.e. cardioembolic stroke, deep vein
thrombosis, pulmonary embolism).
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For patients with an MHV and low cardioembolic risk (e.g. a new-
generation MHV in the aortic position without additional risk factors)
undergoing elective major NCS or invasive procedures, VKA interrup-
tion (3—4 days before surgery)®6857:858861-864 5 resumption®¢'-8¢3
within 24 h may be performed without bridging to reduce post-surgical
bleeding without increasing the risk of thrombosis (see Figure 18).

14.3.2. Biological heart valves

The management of antithrombotic treatment after BHV implantation
or valve repair is summarized in Recommendation Table 16 and Figure 19.

14.3.2.1. Patients with a surgical biological heart valve and no
indication for oral anticoagulation

The optimal antithrombotic strategy early after surgical implantation of
an aortic BHV remains controversial due to the lack of high-quality evi-
dence. Multiple observational studies support the short-term use of
VKAs to reduce the risk of thromboembolism,®>8 while data on
DOACs are missing. A small RCT and a meta-analysis found that
VKA treatment for 3 months significantly increased major bleeding
compared with low-dose ASA, without reducing mortality or

thromboembolic events, but statistical power was low 867868

Therefore, both strategies (OAC or ASA) are reasonable within
3 months of surgical aortic BHV implantation. In the absence of rando-
mized evidence, patients undergoing mitral or tricuspid BHV implant-
ation should receive OAC for at least 3 months due to the increased
risk of AF and thromboembolisms.

14.3.2.2. Patients with a transcatheter heart valve and no indication
for oral anticoagulation

Based on evidence from RCTs, lifelong low-dose ASA is the recom-
mended antithrombotic treatment after TAVI in patients without
OAC indication. In the Antiplatelet Therapy for Patients Undergoing
Transcatheter Aortic Valve Implantation (POPular TAVI) trial (cohort
A), the incidence of bleeding and the composite of bleeding or
thromboembolic events were both reduced with ASA compared
with DAPT at 1 year.2? One RCT [Global multicenter, open-label, ran-
domized, event-driven, active-controlled study comparing a
rivAroxaban-based antithrombotic strategy to an antiplLatelet-based
strategy after transcatheter aortlc valve rEplacement (TAVR) to
Optimize clinical outcomes, GALILEQ], which investigated a systematic

-
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Figure 19 Antithrombotic therapy following biological heart valve implantation or surgical valve repair. ASA, acetylsalicylic acid; MV, mitral valve;
MVR, mitral valve replacement; OAC, oral anticoagulation; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation;

TV, tricuspid valve; TVR, tricuspid valve replacement.
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antithrombotic strategy of rivaroxaban (10 mg/day) in combination
with low-dose ASA compared with DAPT with clopidogrel for the first
3 months, was halted prematurely due to an increased risk of death or
thromboembolic complications, and an increased risk of bleeding in
the rivaroxaban/ASA group.2’® The systematic use of DOACs after
TAVI in patients without indication for OAC is therefore not recom-
mended. Data on antithrombotic management after implantation of
transcatheter mitral BHVs or tricuspid BHVs are limited. Vitamin K an-
tagonist treatment for >3 months is commonly prescribed, while
DOACs may represent an alternative allowing for earlier discharge
and a lower risk of short-term bleeding complications (median follow-
up, 4.7 months).#”*

For patients without baseline OAC undergoing mitral or tricuspid
transcatheter valve implantation, OAC (either with DOAC or VKA)
is initiated and usually pursued for at least 6 months or indefinitely
(in particular after valve implantation in the tricuspid position), while
patients undergoing TEER usually receive single long-term antiplatelet
therapy with ASA.

14.3.2.3. Patients with a surgical biological heart valve and an
indication for oral anticoagulation

Lifelong OAC is recommended for patients with surgical BHVs with
other indications for OAC. The evidence supports the use of
DOAGC:s in preference to VKAs in patients with AF, even during the
early post-operative period.®’2%7 A previously existing therapy with
a DOAC may be continued after BHV implantation and should be re-

started, as soon as considered surgically safe, usually within 2-3 days of

surgery.®°

14.3.2.4. Patients with a transcatheter biological heart valve and an
indication for oral anticoagulation

In the POPular TAVI trial (cohort B), the incidence of bleeding over a per-
iod of 1 month or 1 year was lower with OAC than with OAC plus clo-
pidogrel.®”® Oral anticoagulation alone was non-inferior to OAC plus
clopidogrel with respect to ischaemic events, but the non-inferiority mar-
gin was large. In Edoxaban vs Standard of Care and Their Effects on
Clinical Outcomes in Patients Having Undergone Transcatheter Aortic
Valve Implantation—Atrial Fibrillation (ENVISAGE-TAVI-AF),¥”? edoxaban
was non-inferior to VKA regarding the composite primary endpoint
(death from any cause, myocardial infarction, ischaemic stroke, systemic
thromboembolic event, valve thrombosis, or major bleeding), but the in-
cidence of major bleeding was higher with edoxaban than with VKA. The
Anti-Thrombotic Strategy to Lower All Cardiovascular and Neurologic
Ischemic and Hemorrhagic Events after Trans-Aortic Valve Implantation
for Aortic Stenosis (ATLANTIS) trial®® showed that apixaban was not
superior to VKA after TAVI when there was a pre-existing indication
for OAC, and there was a signal of higher non-cardiovascular mortality
with apixaban. Therefore, no definitive recommendation can be made
concerning the use of VKAs vs DOACs in patients who have undergone
TAVI with a pre-existing indication for OAC.

Antithrombotic therapy after transcatheter MV or TV implantation
remains empirical because data are limited. A high proportion of pa-
tients are already under OAC because of AF (almost 50% of the popu-
lation with MR and 80%-90% of the candidates for TR treatment).
Common practice is to continue the pre-existing anticoagulation regi-
men. Vitamin K antagonists and DOACs have been used in this setting
with or without combination with ASA.8”" However, the high bleeding
risk of this usually elderly population needs to be taken into
consideration.

Recommendation Table 16 — Recommendations for
the management of antithrombotic therapy in patients
with a biological heart valve or valve repair

Recommendations Class®* Level®

Surgical biological heart valve without indication for oral
anticoagulation

Low-dose ASA (75-100 mg/day) or OAC

using a VKA should be considered for the first

3 months after surgical implantation of an aortic lla B
BHV in patients without clear indication for

OAC 865,866

A VKA should be considered for the first 3 months

after surgical implantation of a mitral or tricuspid

lla B
BHV in patients without clear indication for
OAC 867868
Lifelong low-dose ASA (75-100 mg/day) may be
considered 3 months after surgical implantation of an Ib c

aortic or mitral BHV in patients without clear

indication for OAC.

Transcatheter aortic valve implantation without indication for
oral anticoagulation

Low-dose ASA (75-100 mg/day) is recommended

for 12 months after TAVI in patients without I
indication for OAC.8¢%880-883

Long-term (after the first 12 months) low-dose ASA
(75-100 mg/day) should be considered after TAVI in Ila (o
patients without clear indication for OAC.

DAPT is not recommended to prevent thrombosis

B
. . . 1
after TAVI, unless there is a clear indication.®®

Routine use of OAC is not recommended after TAVI
in patients without baseline indication, 2678
Surgical repair without indication for oral anticoagulation

OAC, with either VKAs or DOACs, should be

considered during the first 3 months after surgical Ila B
MV or TV re|3air.884_888

Low-dose ASA (75-100 mg/day) should be

considered for the first 3 months after surgical AV Ila (o
repair in patients without indication for OAC.
Low-dose ASA (75—100 mg/day) may be considered
after surgical MV or TV repair in preference to OAC b B
in patients without clear indication for OAC and at

high bleeding risk.28+28%8

Surgical biological heart valve with indication for oral
anticoagulation

OAC continuation is recommended in patients with

a clear indication for OAC undergoing surgical BHV 1 B
impIantation.877'889'890

DOAC:s should be considered over VKAs after

3 months following surgical implantation of a BHV in lla B

patients with AF.872-874876891

DOAC continuation may be considered after

surgical BHV implantation in patients with an IIb B
indication for DOAC, 877:8828%

Continued

GZ0Z JaquianoN G| uo 1sanb Aq g8y EZ8/v6 LIBYS/ieayina/ea0L 0L /I0p/a|o1ie-aoueApe/flueayina/woo dno-olwapeose//:sdiy Woll papeojumoc]



ESC Guidelines

63

Transcatheter biological heart valve with indication for oral
anticoagulation

OAC is recommended for TAVI patients who have

| B
other indications for OAC.879892-89

Surgical repair with indication for oral anticoagulation and/or
antiplatelet therapy

Continuation of OAC or antiplatelet therapy should
be considered after surgical valve repair in patients "

a
with a clear indication for an antithrombotic

therapy.5”

AF, atrial fibrillation; ASA, acetylsalicylic acid; AV, aortic valve; BHV, biological heart valve;
DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; MV, mitral valve; OAC,
oral anticoagulation; TAVI, transcatheter aortic valve implantation; TV, tricuspid valve; VKA,
vitamin K antagonist.

?Class of recommendation.

®Level of evidence.

14.4. Management of prosthetic valve
dysfunction and complications

Prosthetic valve dysfunction can occur due to intrinsic permanent
changes to the prosthetic valve (defined as SVD) or non-structural valve
dysfunction resulting from any abnormality not intrinsic to the pros-
thetic valve itself. Valve thrombosis and endocarditis are considered
separate entities due to their specific presentation and management,
but may both result in SVD.

14.4.1. Structural valve deterioration

Structural valve deterioration has been defined by several consensus
documents®'>87>8% and includes wear and tear, leaflet disruption,

© ESC/EACTS 2025

leaflet fibrosis or calcification, and stent or strut fracture or deform-
ation. BHV (transcatheter or surgical) SVD is more frequent than
MHYV SVD. The incidence of SVD may be underestimated by the simple
analysis of patients with valve-related deaths or those undergoing rein-
tervention. To ensure timely diagnosis, serial measurement should be
performed and compared with the TTE performed at discharge, or
within 1-3 months after valve implantation.

The criteria for haemodynamic deterioration associated with
aortic and mitral SVD can be found in Table 12.87>8% The diagno-
sis of moderate or severe haemodynamic deterioration should
prompt referral to an experienced Heart Valve Centre for evalu-
ation and treatment, and to exclude all causes of non-structural
valve dysfunction, particularly PVL or PPM, as well as thrombosis
and endocarditis. This step requires the use of advanced
imaging techniques (TOE, CCT, and/or PET-CT) to document
SVD-related morphological changes and elucidate its mechanism.
Structural valve deterioration associated with corresponding clinic-
al criteria (e.g. new onset or worsening of symptoms, LV or RV
dilation/dysfunction, or PH) indicates BHV failure with potential
need for reintervention. Decisions about the treatment modality
(redo surgery or transcatheter valve-in-valve implantation) should
be made within the interdisciplinary Heart Team, depending on re-
operation risk and anatomical considerations,**>#%” including the
risk of coronary obstruction,'###42446461 a5 \vell as prosthesis
type and size.®®7%° When considering a valve-in-valve procedure
for a degenerated aortic BHV, the possibility of creating a PPM in
small valves should be anticipated and may impact intervention or
valve selection.**®

Given the larger sizes of BHVs in mitral or tricuspid positions, trans-
femoral/transseptal valve-in-valve implantation represents an attractive
alternative to redo open surgery.>’®7%%% |n the case of mitral
valve-in-valve implantation the risk of LVOT obstruction, although

Table 12 Criteria for the diagnosis of moderate or severe aortic and mitral haemodynamic valve deterioration

Moderate

Aortic BHV

SVD or non-structural valve
dysfunction (except PVL or PPM),2
thrombosis, or endocarditis

resulting in mean gradient >20 mmHg
AND

DVI >0.1 or >20%, compared with echocardiographic

assessment performed 1-3 months post-procedure

OR

New occurrence or increase of >1 grade of
intraprosthetic AR resulting in > moderate AR
Increase in DVI >0.4 or >20%, resulting in DVI >2.2, or
decrease in EOA >0.5 cm? or >25%, resulting in EOA

<15 cm?, usually associated with increase of transmitral

Mitral BHV

SVD or non-structural valve
dysfunction (except PVL or PPM),°
thrombosis, or endocarditis gradient >5 mmHg

OR

New occurrence or increase of >1 grade of

intraprosthetic MR resulting in >moderate MR

Adapted from 895.8%

Increase in mean transvalvular gradient >10 mmHg

Decrease in EOA >0.3 cm? or >25%, and/or decrease in

Severe

Increase in mean transvalvular gradient >20 mmHg
resulting in mean gradient >30 mmHg

AND

Decrease in EOA >0.6 cm? or >50%, and/or decrease in
DVI >0.2 or >40%, compared with echocardiographic
assessment performed 1-3 months post-procedure

OR

New occurrence or increase of >2 grades of intraprosthetic
AR resulting in > moderate-to-severe AR

Increase in DVI >0.8 or >40%, resulting in DVI >2.7, or
decrease in EOA >1.0 cm? or >50%, resulting in EOA
<1cm?, usually associated with increase of transmitral
gradient >10 mmHg

OR

New occurrence or increase of >2 grades of intraprosthetic

MR resulting in >moderate-to-severe MR

AR, aortic regurgitation; AV, aortic valve; BHV, biological heart valve; DVI, Doppler velocity index; EOA, effective orifice area; MR, mitral regurgitation; PPM, prosthesis—patient mismatch;

PVL, paravalvular leak; SVD, structural valve deterioration.

?Obstruction by pannus; dilatation of the aortic root after stentless BHV; or AV-sparing operations.

®Leaflet entrapment by pannus, chordae, or suture.

© ESC/EACTS 2025
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infrequent, should be carefully ruled out, especially in patients with
small and hypertrophic ventricles.”**

14.4.2. Non-structural valve dysfunction
14.4.2.1. Prosthesis—patient mismatch
Prosthesis—patient mismatch should be prevented whenever pos-
sible after either transcatheter or surgical valve-replacement pro-
cedures (see Section 8.5.1.2). When occurring in the aortic
position, severe PPM is associated with decreased quality of life, in-
creased rate of rehospitalization and reintervention, and possible
reduction in long-term survival, although findings are not consistent
throughout all studies.***%°
but seems to have a limited impact on outcomes. The projected
indexed EOA may be predicted prior to valve implantation to
avoid severe PPM,”® although this concept has been challenged.”"°
Less is known about the prevalence and consequences of PPM in
the mitral and tricuspid positions, and established definitions are
lacking.

Prosthesis—patient mismatch is an infrequent indication for rein-
tervention. However, reoperation should be considered in symp-

tomatic patients with severe PPM, particularly if the patient is low
pisk 394437.438

-909 )
Moderate PPM is more common,

14.4.2.2. Paravalvular leak and haemolysis

The diagnosis of PVL requires systematic TOE, because TTE may be
inconclusive. Haemolytic anaemia can often be detected in patients
with prosthetic valves and is best assessed by measuring lactate de-
hydrogenase and haptoglobin serum levels, but rarely leads to symp-
toms. Intervention is needed if a PVL causes haemolysis requiring
blood transfusions or symptoms, or if secondary to valve endocarditis.
Transcatheter PVL closure is a valid alternative to surgery in the case
of significant regurgitation or haemolysis, if feasible depending on the
size and location of the leak, but requires specific expertise and plan-
ning. Care must be taken not to interfere with mechanical leaflet mo-
tion in MHV patients. Reported results for transcatheter PVL closure
are inconsistent, with several patients returning with recurrent PVL
and/or haemolysis.911 When surgery or transcatheter intervention
are contraindicated, medical therapy aims to counteract the effect
of haemolysis (iron supplementation and erythropoietin) or reduce
it (beta-blockers).”"?

14.4.3. Endocarditis

Antibiotic prophylaxis is recommended in all patients with a pros-
thetic valve (including transcatheter valve prostheses) and after valve
repair using prosthetic material or with previous episode(s) of infect-
ive endocarditis, and should also be considered after transcatheter
MV or TV repair.® It is recommended in such patients when under-
going dental extractions, oral surgery, or other procedures requiring
manipulation of the gingival or peri-apical region of the teeth.
Particular attention to dental and cutaneous hygiene, and strict
aseptic measures during any invasive procedure, are also advised in
this population. Additional details on endocarditis prophylaxis are
mentioned in the 2023 ESC Guidelines for the management of
endocarditis.”

14.4.4. Valve thrombosis

Valve thrombosis occurs mainly in MHVs,*"3?1 but can also be ob-
served in BHVs.”">"® The spectrum of BHV thrombosis ranges
from incidental CCT findings, such as hypo-attenuated leaflet thick-
ening (HALT) with or without reduced leaflet motion but normal
gradients, to clinically apparent presentations with elevated
gradients, symptoms of valve obstruction, or thromboembolic

events.” 1717

14.4.4.1. Hypo-attenuated leaflet thickening

Hypo-attenuated leaflet thickening is detected by CCT in 10%—-30% of
aortic BHVs depending on antithrombotic management, the definition
of HALT, the timepoint of assessment, and the type of valve.”'”17=721
The significance and clinical implications of these findings with respect
to thromboembolic risk and valve durability remain uncertain.
Accordingly, routine use of CCT to detect HALT is not indi-
cated”"® %% |n patients with relevant increases in gradients, in
whom HALT and restricted leaflet motion is confirmed by CCT,
elective use of DOACs or VKAs should be considered to resolve leaf-

. 918,921,922
let thrombosis.” *7“"

14.4.4.2. Clinically significant valve thrombosis

Obstructive valve thrombosis should be suspected in any patient
with any type of prosthetic valve who presents with new-onset
dyspnoea or HF symptoms, an embolic event, or an unexpected in-
crease in transvalvular gradients. If TTE findings are uncertain, the
diagnosis should be confirmed by TOE and/or CCT to distinguish
between  thrombus, pannus, and degeneration.”>*7%
Cinefluoroscopy can detect impaired MHV leaflet motion and re-
duced opening angles.

Adequate anticoagulation must be promptly restored in all patients
with MHV thrombosis and subtherapeutic INR. Although surgery re-
mains the first-line option in critically ill patients, emergency valve re-
placement is associated with increased risk, whereas bleeding and
systemic embolism are increased with fibrinolysis.”>*~?% Slow, low-
dose infusion appears to lower complication rates, while preserving
thrombolytic success rates.”?®3'2 It is recommended that the deci-
sion between surgery and fibrinolysis is taken within the Heart
Team, and individualized by weighing clinical factors and local expert-
ise (Figure 20).

Management of non-obstructive thrombosis or obstructive
thrombosis of an MHV without pronounced HF symptoms de-
pends mainly on the occurrence of a thromboembolic event
and the size of the thrombus. Surgery should be considered for
a large (>10 mm) non-obstructive prosthetic valve thrombus
that is complicated by embolism or persists despite optimal
OAC 913932933

Anticoagulation using a VKA is the first-line treatment for clinically
relevant BHV thrombosis, unless urgent reintervention or fibrinoly-
sis is required due to progressive acute HF or haemodynamic
instability.”>*~"® Because clinically relevant BHV thrombosis is asso-
ciated with recurrence and may contribute to prosthetic degener-
ation, indefinite anticoagulation may be considered after a
confirmed episode, but this strategy must be balanced against the
risk of bleeding.936'939

GZ0Z JaquianoN G| uo 1sanb Aq g8y EZ8/v6 LIBYS/ieayina/ea0L 0L /I0p/a|o1ie-aoueApe/flueayina/woo dno-olwapeose//:sdiy Woll papeojumoc]



ESC Guidelines

65

4 N

Signs and symptoms of MHV thrombosis
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‘ TOE and/or CCT or fluoroscopy (Class 1) l
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complicated by embolism (Class l1a)

Acute heart failure with NYHA Class lll or [V @ ,

due to obstructive thrombosis (Class )
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Figure 20 Management of left-sided obstructive and non-obstructive mechanical heart valve thrombosis. ASA, acetylsalicylic acid; CCT, cardiac com-
puted tomography; INR, international normalized ratio; MHV, mechanical heart valve; NYHA, New York Heart Association; OAC, oral anticoagulation;
TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography; VKA, vitamin K antagonist.
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Recommendation Table 17 — Recommendations for the management of prosthetic valve dysfunction (see also

Supplementary data online, Evidence Table 25)

Recommendations Class® Level®
Haemolysis and paravalvular leak

It is recommended that the decision between transcatheter or surgical closure of clinically significant PVLs is based on Heart Team I c
evaluation, including patient risk, leak morphology, and local expertise.

Reoperation is recommended if a PVL is related to endocarditis, or causes haemolysis requiring repeated blood transfusion or leading to HF | c
symptoms.

Transcatheter closure should be considered for suitable PVLs with clinically significant regurgitation and/or haemolysis.940 Ila B
Mechanical heart valve failure

Reoperation is recommended in symptomatic patients with significant valve dysfunction not attributable to valve thrombosis. | C
Biological heart valve failure

Reintervention is recommended in symptomatic patients with significant valve dysfunction not attributable to valve thrombosis. | (o)
Transcatheter, transfemoral valve-in-valve implantation in the aortic position should be considered in patients with significant valve

dysfunction who are at intermediate or high surgical risk, and have suitable anatomical and prosthesis features, as assessed by the Heart Ila B
Team, +47:448:450.451.941

Transcatheter transvenous mitral or tricuspid valve-in-valve implantation should be considered in patients with significant valve dysfunction lla B
at intermediate or high surgical risk, if the anatomy is suitable,>6%:>70:681:942-944

Reoperation should be considered in asymptomatic patients with significant prosthetic dysfunction, if surgical risk is low. lla C
Valve thrombosis

TOE and/or 4D-CT are recommended in patients with suspected valve thrombosis to confirm the diagnosis.”!*?18923925945-948 | C
Mechanical heart valve thrombosis

Heart Team evaluation is recommended in patients with acute HF (NYHA class Ill or IV) due to obstructive MHV thrombosis to determine | B
appropriate management (repeat valve replacement or low-dose slow infusion fibrinolysis).”3226-92%:931:949-954

Surgery should be considered for large (>10 mm) prosthetic thrombus complicated by embolism,”3932933 Ila C
Biological heart valve thrombosis

OAC using VKA is recommended in BHV thrombosis before considering reintervention,8¢7-734-937:995.956 I B
OAC should be considered in patients with leaflet thickening and reduced leaflet motion leading to elevated gradients at least until lla B
resolution,”'8920-922

4D, four-dimensional; BHV, biological heart valve; CT, computed tomography; HF, heart failure; MHV, mechanical heart valve; NYHA, New York Heart Association; OAC, oral
anticoagulation; PVL, paravalvular leak; TOE, transoesophageal echocardiography; VKA, vitamin K antagonist.

?Class of recommendation.
PLevel of evidence.

15. Management during
non-cardiac surgery

In patients with significant VHD who undergo NCS, the risk of peri-
operative cardiovascular complications is increased and related to
both the timing of the procedure (i.e. urgent vs non-urgent) and type
of surgery (low, intermediate, or high risk), as well as patient-specific
factors (type and severity of VHD, LV function, etc.).'**?>7=%%?
Detailed recommendations related to NCS are available in the 2022
ESC Guidelines on cardiovascular assessment and management of patients
undergoing non-cardiac surgery.%0

15.1. Pre-operative evaluation

Echocardiography should be performed in all patients with VHD requiring
NCS. Patient- and surgery-specific factors, along with risk calculators, can
be used to guide the treatment strategy. Determination of functional cap-
acity is a pivotal step for pre-operative risk assessment, measured either by

the ability to perform activities in daily life or by exercise testing. Screening
for frailty using validated tools is advisable.”® Decisions on pre- and peri-
operative management, surveillance, and continuation of chronic cardio-
vascular medical treatment should be taken after multidisciplinary discus-
sion involving cardiologists, surgeons, and cardiac anaesthesiologists, as
well as the team who will be in charge of the NCS. Patients receiving
OAC treatment should be managed as described in Section 14.

15.2. Specific valve lesions

15.2.1. Aortic stenosis

In patients with severe symptomatic AS, the treatment depends on the
urgency and risk of NCS. If life-saving time-sensitive NCS is needed, it
should be performed under careful haemodynamic monitoring avoiding
rapid changes of volume status, with prompt treatment of arrhythmia re-
gardless of AS severity. In cases of urgent high-risk NCS, TAVI or balloon
aortic valvuloplasty should be considered in patients with critical AS prior
to surgery, considering the risk of developing severe acute AR after

© ESC/EACTS 2025
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balloon aortic vaIvqupIasty.194'%1 Urgent low- and intermediate-risk
NCS can be performed relatively safely in patients with severe AS.”¢?

Patients in whom NCS can be deferred (i.e. non-urgent NCS)
should undergo pre-operative Heart Team evaluation to determine
whether SAVR or TAVI is preferable. TAVI may be preferred to
SAVR if faster recovery plays a role, particularly in elderly patients
in whom complex or high-risk NCS is planned.’®® The treatment of
asymptomatic patients with severe AS should be individualized
(Figure 21).°¢*

15.2.2. Mitral stenosis

Heart rate and fluid balance should be controlled to prevent pulmonary
oedema during NCS and arterial vasodilators should be avoided.
Non-cardiac surgery is safe in patients with an MVA of >1.5 em?, and in
asymptomatic patients with MVA <1.5 cm? and SPAP of <50 mmHg.

Symptomatic patients or those with SPAP of >50 mmHg should undergo
PMC or other appropriate valve intervention before high-risk NCS, if pos-
sible.”®>7%¢ Asymptomatic patients with MVA <1.5 cm? can undergo
low-to-moderate-risk NCS under careful monitoring, especially if PMC
is unsuitable. Multidisciplinary management is advised for patients with sig-
nificant MS who are ineligible for valve intervention.

15.2.3. Aortic and mitral regurgitation

Non-cardiac surgery can usually be performed safely in asymptomatic pa-
tients with severe MR or AR and preserved LV function. If NCS is urgent,
patients should undergo surgery under strict haemodynamic monitoring,
regardless of symptom status. In cases of elective (non-urgent) NCS in
patients with severe ventricular SMR, medical therapy should be opti-
mized. If symptoms persist and NCS is intermediate or high risk, TEER
should be considered after Heart Team discussion based on clinical
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Figure 21 Management of non-cardiac surgery in patients with severe aortic stenosis. AS, aortic stenosis; AV, aortic valve; LV, left ventricular; NCS,
non-cardiac surgery; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation.
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and anatomical selection criteria.'”**®* Valve treatment should be per-
formed for patients with AR meeting the criteria for valve intervention
before any elective intermediate- or high-risk NCS.¢*?¢

15.3. Peri-operative monitoring

Heart rate control (particularly in MS) and careful fluid management
(particularly in AS and MR with reduced LVEF) are needed throughout
the procedure. The involvement of specialized cardiovascular anaesthe-
siologists should be considered in complex situations because TOE
monitoring may be considered. Pulmonary artery catheterization is
not routinely used.

16. Management of valvular heart
disease during pregnancy

Specific ESC Guidelines on this topic are available (the 2025 ESC
Guidelines on cardiovascular disease during pregnancy) and should be con-
sulted for further details.”®® Pregnancies in patients with VHD should
be considered high risk and managed under the close supervision of a

cardiologist and a multidisciplinary Pregnancy Heart Team. The import-
ance of midwives and other specialized nursing personnel is increasingly
recognized for high-quality direct patient interactions. Shared decision-
making is especially important when addressing the cardiovascular risk
of pregnancy and the benefit—risk ratios of therapeutic options and
modes of delivery (Figure 22).

16.1. Management before pregnancy
Ideally, women should undergo a thorough physical examination by
their general practitioner for VHD screening prior to pregnancy. A spe-
cialized evaluation including TTE should be performed by a cardiologist
in the case of clinical suspicion.”*®7¢°

If VHD is diagnosed, pre-pregnancy counselling is imperative.
Unplanned pregnancies in patients with VHD should be discouraged.
Contraception methods should be recommended after discussion
with the patient in the presence of a significant maternal and/or foetal
risk. In patients contemplating pregnancy, the maternal risk should be
assessed using the modified WHO classification and other scores such
as the CARPREG or DEVI risk score (see Supplementary data online,
Table 57).77°

Pre-conception assessment

« Clinical screening: history, physical
examination, ECG

e If clinical suspicion of VHD: TTE, exercise
capacity assessment

* In case of definite VHD: risk assessment
(mWHO, CARPREG I, DEVI)

» Correction of severe MS, AS, aortic dilatation
with high risk of aortic dissection

Management during pregnancy

« Serial monitoring (symptoms, biomarkers, TTE)
* Drug therapy (anticoagulation)

Delivery/post-partum

« Vaginal delivery usually preferred

» Regional anaesthesia

* Monitoring during delivery and early
post-delivery

* Extended in-hospital surveillance/treatment

e 9
Cardiology
N *o
%, N J¢
® S
(o4 eQ

other nursing personnel

Obstetrics

D Primary care

%
(Ts A
slon‘making Wi

Anaesthesiologist and
other specialists
Midwives and

@ESC @EnCTS—

Figure 22 The Pregnancy Heart Team model of care. AS, aortic stenosis; ECG, electrocardiogram; MS, mitral stenosis; TTE, transthoracic echocar-

diography; VHD, valvular heart disease.
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Before recommending pregnancy, the following conditions need to
be corrected:

971

MS with MVA <1.5 cm?, even when asymptomatic.
Severe AS with symptoms, or abnormal exercise test, or LV systolic
dysfunction.””?

Heritable aortic disorders and high risk of aortic dissection: prophylactic
aortic repair is recommended prior to pregnancy in women with
Marfan syndrome and an aortic diameter of >45 mm, and may be con-
sidered in women with an aortic diameter between 40 and 45 mm

. . . . .97 ] .
when risk factors for dissection exist.””> Aneurysmal dilation in women
974

with BAV should be corrected when the aortic diameter is >50 mm.
Close follow-up in dedicated units and beta-blocker therapy during
pregnancy and post-partum are recommended unless contraindicated,
although strong evidence is only available for Marfan syndrome.

Valvular regurgitant lesions are generally well tolerated during preg-
nancy. Prophylactic intervention is therefore not recommended in the
absence of class | or Ila indications.

The first therapeutic option for MS in a woman considering preg-
nancy should be PMC. When implantation of a prosthetic valve is ne-
cessary, BHVs are recommended, although early SVD remains a
serious concern.””> Mechanical heart valves must be avoided due to
the high risk of maternal and foetal complications linked to the potential
teratogenic effects of VKAs, as well as the increased risk of bleeding.976
The Ross procedure may be considered for the treatment of AV dis-
ease at centres with expertise.

16.2. Management during pregnancy
16.2.1. Patients with native valve disease

Pregnancy can worsen the clinical course of left-sided stenotic valvular
lesions because increased cardiac output causes an increment of trans-
valvular gradient of ~50%, mainly between the first and second trime-
sters. Regurgitant lesions are less likely to cause complications, except
in high-risk cases (LV systolic dysfunction, PH, and cardiac events before
pregnancy).”’”

Mild MS is generally well tolerated.”’® Heart failure occurs in
one-third of pregnant women with an MVA of <1.5 cm? and in one-half
of those with an MVA of <1.0 cmz, most often during the second tri-
mester.””! Percutaneous mitral commissurotomy should be consid-
ered if symptoms or SPAP of >50 mmHg persist despite optimal
medical therapy (diuretics and beta-1-selective beta-blockers), prefer-
ably after the 20th week of pregnancy.

Regarding AS, pregnancy is generally well tolerated if prior exercise
tolerance was normal, even in severe AS, while HF has been reported
to occur in up to 25% of symptomatic patients.972 In symptomatic
patients despite medical therapy (i.e. diuretics), TAVI seems to be
the preferred option in very selected patients, although evidence is
lacking. Percutaneous balloon valvuloplasty may be an alternative op-
tion. Procedures should be performed in an experienced valve
centre 972:979.980

Surgery under cardiopulmonary bypass is associated with a high rate
of foetal loss and should be restricted to conditions that threaten the
mother’s life if transcatheter intervention is not possible or has failed.

Vaginal delivery is the first choice for the majority of patients.
Caesarean section is preferred if there is an obstetric indication,
and in the case of severe MS or AS, ascending aortic diameter of
>45 mm, severe PH, or if delivery starts while the patient is being
treated with OAC.

16.2.2. Patients with prosthetic valves

Pregnant patients with MHVs should be followed in a centre with cor-
responding expertise. In a cohort of 212 women with MHVs, valve
thrombosis occurred in 10 (4.7%) pregnancies and haemorrhagic
events occurred in 49 (23.1%).”7° Therapeutic OAC during pregnancy
is essential to avoid thrombosis. The higher efficacy of VKAs compared
with LMWH to prevent thrombosis must be balanced against increased
foetal risks.”®’

In patients requiring <5 mg/day of warfarin, OAC with warfarin
throughout pregnancy, changing to UFH before delivery, is advocated,
in order to reduce the risk of thrombosis. In patients requiring higher
doses, switching to dose-adjusted LMVWH at least twice per day with
strict anti-Xa monitoring during the first trimester is recommended
to avoid the teratogenic effect of VKAs (for corresponding flowcharts
see the 2025 ESC Guidelines for the management of cardiovascular dis-
eases during pregnancy’®®).

Lifetime management of women with a BHV considering pregnancy
is central and transcatheter valve-in-valve implantation may be consid-
ered as a bridge to MHV implantation.”®

17. Sex-specific considerations
in patients with valvular heart
disease

Although men and women are equally likely to experience VHD, sex-
specific prevalence exists according to valve type and disease patho-
physiology.644'648'983 Women more frequently suffer from MV disease
such as prolapse, RHD or TR, while men more often present with AS or
AR, especially associated with BAV.”®* Men also suffer from endocardi-
tis of any valve more frequently.”®

Female sex is associated with higher mortality in the presence of vari-
ous VHDs,”® including early post-treatment,”®’ and is included as a
risk factor in surgical risk prediction tools such as the STS and
EuroSCORE calculators. However, risk scores are often derived
from populations including a majority of men.”®® In addition, risk pre-
diction scores are susceptible to referral bias that results in a well-
established higher risk of undertreatment or delayed treatment of
VHD in women,?83:98498¢

17.1. Aortic valve disease

Female patients with severe AS present more often with shortness of
breath, whereas males more frequently have angina, presumably due to
the higher incidence of CAD.?®® The pathophysiology of AS seems to
differ according to sex, with women having less calcium and more fibro-
sis.”?® Concentric ventricular hypertrophy and remodelling are also
more frequently observed in women than in men, resulting in higher
LVEF but smaller LV cavity and stroke volume.”’ Consequently, para-
doxical low-flow, low-gradient constellations are frequent and may
both contribute to the underdiagnosis of severe AS in women and delay
an intervention.””? The use of sex-specific thresholds to define flow
limitation (<40 mL/m? for men and <32 mL/m? for women) has there-
fore been suggested,””? and the use of CCT to quantify the calcium
score should be performed in women with discordant echocardio-
graphic parameters.”””

Women are less likely to be referred to a cardiologist and
undergo investigations. Surgical aortic valve replacement is per-
formed less frequently in women, especially if echocardiographic
parameters are discordant.””® In patients presenting with severe
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AS and Class | indications for SAVR, a significantly higher proportion
of men than women are referred for evaluation by a cardiac
surgeon.??%%

Male patients derive a clearer benefit from SAVR compared with wo-
men, who have higher in-hospital and long-term mortality and morbid-
ity,”879% possibly explained by more severe concentric hypertrophy®®”
and a smaller aortic annulus predisposing to PPM.””” Conversely, in a
randomized trial (RHEIA) that compared TAVI with SAVR in 443 wo-
men with a mean age of 73 years, TAVI was superior in reducing the
primary endpoint composed of death, stroke, or rehospitalization at
1 year, predominantly driven by a reduction in rehospitalization for
valve- or procedure-related symptoms or worsening HF.?%8 Several ob-
servational studies suggest that elderly women have lower mortality
after TAVI,”*? even if the rates of major vascular complications and
bleeding tend to be higher.”®”

Indexed cut-offs to indicate treatment of AR are validated, but only
partially account for sex differences. Newer studies using echocardio-
graphic volumes'%%° and CMR%! suggest that women may experience
higher event rates at lower cut-offs compared with men, but this re-
quires further investigation.

17.2. Mitral valve disease

Patients with RHD are often young women and have a high prevalence
of major cardiovascular complications with far-reaching impacts on re-
productive health and access to care.”®* Although women experience
favourable outcomes compared with men when treated by percutan-
eous balloon valvuloplasty, access to these procedures is still limited
in low-income countries.*¢*

Fibroelastic disease with MV prolapse is also more frequent in wo-
men, and may be accompanied by morphological abnormalities of
the MA associated with fibrosis of the papillary muscles or the infer-
obasal LV that may act as the substrate for sudden cardiac death,
even in the absence of severe MR."%°? Recent evidence has sup-
ported considering lower women-specific cut-offs for intervention
with regard to LVESD (36 mm; indexed LVESD, 1.8 cm/mz), while
the LVEF cut-off was similar to men (58%), albeit with higher
mortality.>*®

Ventricular SMR associated with low LVEF is more frequent in men
with HF,'° while atrial SMR due to chronic AF and/or HFpEF affects
more women (58% vs 42% male).>”?

Female sex is a risk factor for the development of MAC and was re-
ported to account for 68% of the patients included in a large-scale
transcatheter MV replacement in MAC registr‘y.1004 Furthermore, wo-
men present with a faster disease progression.'%®

17.3. Tricuspid valve disease
Tricuspid regurgitation is more prevalent in women,
sex is associated with accelerated disease progression.
Hypotheses to explain these observations include the overall higher
prevalence of HFpEF and AF in women.'®® Women are usually
diagnosed at an older age and the cause of TR is most frequently
a consequence of left valvular disease or annular dilatation attributable
to RA dilatation.””"® No differences have been detected to date
in terms of adverse events after surgery'®"" or transcatheter TV
interventions.'?%1013

208 5nd female

1006—1008

18. Key messages

Heart Team and Heart Valve Centre

An integrated regional Heart Valve Network incorporating out-
patient Heart Valve Clinics and specialist Heart Valve Centres allows
optimal patient care.

Heart Valve Centres should fulfil institutional and local statutory re-
quirements, and strive for high procedural volume and excellent clin-
ical outcomes.

Heart Team recommendations should be based upon these guideline
recommendations, relevant updated evidence, key medical consid-
erations, and patient preferences.

Core members of the Heart Team include the primary clinical cardi-
ologist, cardiologists with subspecialty expertise in VHD, specialists in
advanced cardiovascular imaging and peri-procedural imaging guid-
ance, and surgeons and interventional cardiologists with training
and expertise in valve interventions.

A network approach that distinguishes between higher- and
lower-volume centres is appropriate, with more complex proce-
dures focused in the most experienced (i.e. upper quartile)
centres. Information on the network organization should be com-
municated to patients, as well as referring cardiologists and general
practitioners.

Aortic regurgitation

Assessment of AR severity with TTE remains challenging and current
cut-offs for intervention are mostly based on 2D measurements, al-
though 3D echocardiography and CMR allow more accurate evalu-
ation of LV volumes and LVEF.

Mechanisms of AR may be closely related to the aortic diameters that
should be measured accurately at all levels of the aortic root (annulus,
sinuses, and sinotubular junction).

Indication for operation is based on symptoms, LV volumes, LVEF,
and aortic diameters. Although valve replacement remains the stand-
ard treatment, AV repair (or AV sparing when associated with root
aneurysm) is being increasingly used to avoid prosthesis-related com-
plications, especially in experienced centres.

Current transcatheter options for AR are limited and applicable only
in patients who are ineligible for surgery.

Aortic stenosis

Diagnosis of severe AS requires integrative evaluation of pressure
gradients (the most robust measurements), AVA, flow conditions,
the extent of valve calcification, and LV function.

Selection of the most appropriate mode of intervention should take
into account clinical characteristics (age and estimated life expect-
ancy, concomitant conditions), access and valve anatomy (particularly
the feasibility of transfemoral TAVI and calcification patterns), and
surgical risk, as well as repeat procedure options and risks (lifetime
management).

Mitral regurgitation

The echocardiographic diagnostic workup of patients with MR in-
cludes multiparametric assessment of MR severity, evaluation of
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MV anatomy (often with 3D TOE), identification of the mechanism
(PMR, ventricular SMR, or atrial SMR), and evaluation of cardiac
damage.

Surgical MV repair is the preferred method of treatment in severe
PMR. Transcatheter edge-to-edge repair is recommended in patients
who are inoperable or high risk according to the Heart Team.
Surgical MV repair is the procedure of choice for asymptomatic pa-
tients with primary MR and signs of cardiac damage, including mod-
erate or more TR.

In patients with ventricular SMR, GDMT (including CRT if indicated)
is the initial and essential treatment step. In symptomatic patients
without CAD needing revascularization, M-TEER is recommended.
In patients with concomitant complex CAD and those not suitable
for TEER, mitral surgery may be considered.

In patients with atrial SMR, MV surgery, AF ablation if indicated, and
LAAO should be considered after optimization of medical therapy.
Transcatheter edge-to-edge repair may be considered in patients at
high surgical risk.

Mitral stenosis

Most patients with severe rheumatic MS and favourable valve anat-
omy should undergo PMC, which is the standard of care. Surgery
is recommended for symptomatic patients with contraindications
or unfavourable anatomical and clinical characteristics for PMC.
Decision-making in patients with unfavourable anatomy should take
into account local PMC experience.

In selected patients with clinically severe degenerative MS and MAC,
transcatheter intervention or surgery may improve symptoms.

Tricuspid regurgitation

Concomitant TV repair is the preferred method for patients with
left-sided valve pathology and associated moderate or severe TR.
The use of risk scores for the assessment of RV and secondary organ
dysfunction should be strongly encouraged in patients with isolated
severe TV disease.

In isolated severe TR without severe RV dysfunction, surgery should
be performed at an early stage in patients at low operative risk.

In isolated severe TR patients at increased surgical risk, tricuspid
TEER or transcatheter replacement should be considered to im-
prove quality of life and RV remodelling, in the absence of severe
RV dysfunction or pre-capillary PH.

Tricuspid stenosis

TS is a very rare manifestation of acquired VHD in high-income
countries.

TS is mainly associated with rheumatic valve disease, carcinoid syn-
drome, or enzymatic disorders such as Fabry’s or Whipple’s disease.
Treatment of symptomatic TS mainly involves surgical TV
replacement.

Multiple and mixed valvular heart disease

Transvalvular gradients and velocities reflect the combined burden of
regurgitation and stenosis in mixed aortic and mitral disease.

Treatment decisions should be based on the assessment of symptom
and functional status, cardiac damage, anatomical suitability, and the

risk—benefit ratio of intervention and

considerations.

lifetime management

Patients with mixed moderate AS and AR have similar detrimental
outcomes compared with those with severe isolated AS.

In transcatheter procedures, which allow a sequential approach,
downstream lesions should be treated first to prevent potential
haemodynamic deterioration and allow improvement of upstream
lesions due to changing loading conditions and
remodelling.

reverse

Antithrombotic treatment in patients with a mechanical
heart valve

* International normalized ratio therapeutic range should be balanced
to the type and anatomical site of MHYV, as well to the thrombotic risk
profile of the individual patient.

* Patient training, self-monitoring, and education can increase INR sta-
bility and TTR.

* Minor or minimally invasive NCS procedures do not require VKA

interruption in patients with an MHV.

In patients with an MHV undergoing elective major NCS, bridging

may be omitted if the thromboembolic risk is low.

Non-cardiac surgery

The risk of peri-operative cardiovascular complications related to
surgery and to patient-specific factors should be evaluated and com-
municated to the patient and surgical team.

In patients with symptomatic severe AS requiring urgent high-risk
NCS, BAV or TAVI should be considered prior to surgery. In patients
planned for elective NCS, AV intervention is recommended prior to
NCS.

Pregnancy

* In women with VHD, decisions regarding management before and dur-
ing pregnancy should be taken after discussion by the multidisciplinary
Pregnancy Heart Team. Unplanned pregnancies should be discouraged.
The following conditions should be corrected prior to considering
pregnancy:
— clinically severe MS (MVA <1.5 cm?), even when asymptomatic
— severe symptomatic AS, or asymptomatic patients with impaired
LV function or a pathological exercise test
— heritable aortic disorders and high risk of aortic dissection.
Vaginal delivery is the first choice for the majority of patients.
Indications for Caesarean section include pre-term labour in patients
on OAC, severe MS or AS, aggressive aortic pathology, acute intract-
able HF, and severe PH.
* Women with MHVs should be managed in expert centres.

19. Gaps in evidence
General aspects

* Patient-reported outcome measures are infrequently reported
in VHD studies. Patient-reported outcome measure-oriented studies
are required to improve quality of life and patient satisfaction.

* Methods to address underdiagnosis and undertreatment of VHD
need to be identified and implemented.
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Heart Team and Heart Valve Centre

Structured research is required to investigate the relationship be-
tween procedural volume and clinical outcomes, in order to define
minimum annual thresholds for individual operators and institutions
undertaking surgical and transcatheter valve interventions.

There is a pressing need to ensure higher dispersion and adoption of
interventions for VHD, especially in middle- and low-income countries.

Conditions associated with valvular heart disease

CAD:

— The prognostic value of functional assessment of stable, moderate
coronary stenosis in VHD patients remains to be determined.

— The optimal strategy (invasive vs non-invasive) for CAD assess-
ment in specific VHD populations remains to be elucidated.

— The optimal timing of PCl in patients with CAD undergoing TAVI
is yet to be determined.

— The benefit of complete coronary revascularization with CABG in
patients with combined VHD and CAD requires further research.

AF:

— It is unclear which patients with chronic persistent AF and con-
comitant VHD are deemed to be suitable for rhythm control
therapy.

— The protective effect against stroke of OAC with VKA or DOACs
in patients after surgical or transcatheter LAAO remains to be
determined.

Cardiogenic shock and acute HF:

— The optimal treatment strategy in VHD patients presenting with
cardiogenic shock and acute HF is unknown.

Aortic regurgitation

Impact of early LV remodelling on prognosis in asymptomatic AR pa-
tients is unknown.

Prognostic value of CMR-derived indices in asymptomatic patients
needs to be determined.

More data are required on long-term results of surgical AV repair for AR.
More evidence is required on transcatheter treatment options for
AR, in particular using dedicated devices.

Aortic stenosis

Better understanding of the pathophysiology of AS is needed to pro-

pose innovative medical therapy.

Further research is required on:

— Refined prognostic markers to guide timing of intervention in
asymptomatic patients.

— The role of revascularization in patients with severe AS and asymp-
tomatic concomitant CAD.

— Further data on the long-term durability of transcatheter valves in
comparison with surgical BHVs in younger patients.

— The role of TAVI in patients with BAV AS and patients <70 years
of age.

— Results of intervention (valve or coronary) after TAVI or SAVR.

— Determining the optimal lifetime management strategy for AS
patients.

Mitral regurgitation

The association between primary MR and ventricular arrhythmias re-
quires more investigation, including the impact of intervention on
ventricular arrhythmias.

More data are required on the role of TEER in patients with advanced HF.
Long-term results of TEER need to be further assessed, including the
clinical relevance of transmitral gradients after treatment of both pri-
mary and secondary MR.

Results of ongoing trials comparing MV surgery with TEER in non-
high risk primary MR patients are awaited.

Data on the mid- and long-term clinical impacts of transcatheter MV
replacement are required.

More data on the clinical impacts of surgical and transcatheter treat-
ment of atrial SMR are required.

Mitral stenosis

The potential role of TMVI using dedicated devices in high-risk
patients is to be determined, particularly those with severe
MAC.

Tricuspid regurgitation

The long-term risks and benefits of concomitant TV surgery in pa-
tients with less than moderate TR and annular dilatation undergoing
left-sided valve surgery need to be determined.

Further investigations are required on the outcomes of TV interven-
tion in asymptomatic patients with severe TR and RV dysfunction or
significant dilation.

The importance of addressing concomitant AF in patients with TR
needs to be investigated.

More data are required on the indications, timing, and long-term out-
comes of TV repair and replacement for TV disease.

Better understanding is required of the respective role of surgery vs
transcatheter TV therapy for TR treatment.

Tricuspid stenosis

The role of transcatheter TV replacement remains unexplored in pa-
tients with TS. The most efficient way to achieve ventricular pacing in
patients after TV replacement needs to be investigated.

Multiple and mixed valvular heart disease

Further evaluation of the impact on outcomes and indication for
intervention, as well as timing and modalities of intervention, is
required.

Prosthetic valves

Further development of current prosthetic valve devices is required
to address their main complications (e.g. improved tissue processing
to reduce degeneration of bioprostheses or new mechanical valve
designs to reduce risk of thrombosis).

Antithrombotic drugs in MHV patients:

— Whether UFH or LMWH should be preferred as bridging therapy
after MHV implantation, as well as their timing and dosage, remains
to be established.

— For patients with MHV undergoing major NCS, the optimal post-
operative management and bridging of VKA needs further
investigation.

— The role of pharmacogenomics for VKORC1, CYP2C9, and
CYP4F2 in patients with highly variable INR, and low TTR or major
vascular complications despite good adherence, should be further
investigated.

— More data on the risks and benefits of slow thrombolysis for valve
thrombosis are required.
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Pregnancy

* More data are required on optimal management of anticoagulation in
pregnant women with MHVs. Prospective studies comparing differ-
ent antithrombotic regimens are lacking.
Non-cardiac surgery

+ Clinical utility of scales for peri-operative risk evaluation needs to be
determined.
Sex-specific considerations

* The development of sex-adjusted surgical risk prediction tools is required.

+ Additional data are needed to validate sex-specific cut-offs indicating
interventions.

* Further research is needed to investigate sex-related differences in
the prognosis and treatment of specific valve diseases, especially
TR.

20. ‘What to do’ and ‘What not
to do’ messages from the
Guidelines

Class | and Class lll recommendations from throughout the guideline
document are summarized in Table 13.

Table 13 ‘What to do’ and ‘what not to do’

Recommendations Class® Level®
Recommendations for the management of coronary artery disease in patients with valvular heart disease

CCTA is recommended before valve intervention in patients with moderate or lower (<50%) pre-test likelihood of obstructive CAD. I

Invasive coronary angiography is recommended before valve intervention in patients with high and very high (>50%) pre-test likelihood of

obstructive CAD.

Invasive coronary angiography is recommended in the evaluation of CAD in patients with severe ventricular SMR. |
CABG is recommended in patients with a primary indication for valve surgery and coronary artery diameter stenosis >70%. |
Recommendations for the management of atrial fibrillation in patients with native valvular heart disease
DOACs are recommended for stroke prevention in preference to VKAs in patients with AF and AS, AR, or MR who are eligible for OAC. I
Concomitant surgical ablation is recommended in patients undergoing MV surgery with AF suitable for a rhythm control strategy to prevent
symptoms and recurrence of AF, according to an experienced team of electrophysiologists and arrhythmia surgeons.

Surgical closure of the LA appendage is recommended as an adjunct to OAC in patients with AF undergoing valve surgery to prevent

cardioembolic stroke and systemic thromboembolism.

The use of DOACs is not recommended in patients with AF and rheumatic MS with an MVA <2.0 cm?.
Recommendations on indications for surgery in severe aortic regurgitation

AV surgery is recommended in symptomatic patients with severe AR regardless of LV function. I

AV surgery is recommended in asymptomatic patients with severe AR and LVESD >50 mm or LVESDi >25 mm/m? [especially in patients

with small body size (BSA <1.68 m?)] or resting LVEF <50%.

Valve-sparing aortic root replacement is recommended in young patients with aortic root dilatation at experienced centres when durable

results are expected.

AV surgery is recommended in symptomatic and asymptomatic patients with severe AR undergoing CABG or surgery of the ascending

aorta.

Recommendations for intervention and mode of intervention in severe aortic stenosis

Symptomatic patients with severe aortic stenosis

Intervention is recommended in symptomatic patients with severe, high-gradient AS [mean gradient >40 mmHg, V ,,.x >4.0 m/s, and

AVA <1.0 cm? (or <0.6 cm?*/m? BSA)]. ! 8
Intervention is recommended in symptomatic patients with low-flow (SVi <35 mL/m?), low-gradient (<40 mmHg) AS with reduced LVEF I B
(<50%) after careful confirmation that AS is severe.

Asymptomatic patients with severe aortic stenosis

Intervention is recommended in asymptomatic patients with severe AS and LVEF <50% without another cause. | B
Mode of intervention in patients with symptomatic severe aortic stenosis

It is recommended that AV interventions are performed in Heart Valve Centres that report their local expertise and outcome data, have I c
on-site interventional cardiology and cardiac surgical programmes, and a structured collaborative Heart Team.

It is recommended that the mode of intervention is based on Heart Team assessment of individual clinical, anatomical, and procedural I c

characteristics, incorporating lifetime management considerations and estimated life expectancy.

Continued
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TAVI is recommended in patients >70 years of age with tricuspid AV stenosis, if the anatomy is suitable.

SAVR is recommended in patients <70 years of age, if the surgical risk is low.

SAVR or TAVI are recommended for all remaining candidates for an aortic BHV according to Heart Team assessment.

Concomitant aortic valve surgery at the time of coronary artery bypass grafting or ascending aorta surgery

SAVR is recommended in symptomatic and asymptomatic patients with severe AS undergoing CABG or surgical intervention on the
ascending aorta.

Recommendations for intervention in severe mitral regurgitation

Primary mitral regurgitation

MV repair is the recommended surgical technique to treat patients with severe PMR when the result is expected to be durable.

MV surgery is recommended in symptomatic patients with severe PMR considered operable by the Heart Team.

MV surgery is recommended in asymptomatic patients with severe PMR with LV dysfunction (LVESD >40 mm or LVESDi >20 mm/m? or
LVEF <60%).

Surgical MV repair is recommended in low-risk asymptomatic patients with severe PMR without LV dysfunction (LVESD <40 mm, LVESDi
<20 mm/m?, and LVEF >60%) when a durable result is likely, if at least three of the following criteria are fulfilled:

* AF

» SPAP at rest >50 mmHg

« LA dilatation (LAVI >60 mL/m? or LA diameter >55 mm)

* concomitant TR > moderate.

Ventricular secondary mitral regurgitation and concomitant coronary artery disease

MV surgery is recommended in patients with severe ventricular SMR undergoing CABG.

Ventricular secondary mitral regurgitation without concomitant coronary artery disease

TEER is recommended to reduce HF hospitalizations and improve quality of life in haemodynamically stable, symptomatic patients with
impaired LVEF (<50%) and persistent severe ventricular SMR, despite optimized GDMT and CRT (if indicated), fulfilling specific clinical and
echocardiographic criteria.

Recommendations for mitral stenosis

Indications for mitral valve surgery and transcatheter intervention in clinically severe rheumatic and degenerative mitral stenosis

PMC is recommended in symptomatic patients in the absence of unfavourable characteristics for PMC.
PMC is recommended in any symptomatic patients with a contraindication or a high risk for surgery.

MV surgery is recommended in symptomatic patients who are not suitable for PMC.
Recommendations for tricuspid regurgitation
Indications for intervention in tricuspid regurgitation

Careful evaluation of TR aetiology, stage of the disease (i.e. degree of TR severity, RV and LV dysfunction, and PH), patient operative risk,

and likelihood of recovery by a multidisciplinary Heart Team is recommended in patients with severe TR prior to intervention.
Patients with left-sided valvular heart disease requiring tricuspid valve surgery

Concomitant TV surgery is recommended in patients with severe primary or secondary TR.

Patients with severe tricuspid regurgitation (without left-sided valvular heart disease requiring surgery)
TV surgery is recommended in symptomatic patients with severe primary TR without severe RV dysfunction or severe PH.
Recommendations on tricuspid stenosis

Surgery is recommended in symptomatic patients with severe TS.

Surgery is recommended in patients with severe TS undergoing left-sided valve intervention.
Recommendations for surgery of concomitant left-sided valvular heart disease
Concomitant aortic stenosis

SAVR is recommended in patients with severe AS undergoing surgery for another valve.
Concomitant aortic regurgitation

AV surgery is recommended in patients with severe AR undergoing surgery for another valve.
Concomitant mitral regurgitation

MV surgery is recommended in patients with severe MR undergoing surgery for another valve.

B
(o)
(o)

C

Continued
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Recommendations on indications for intervention in patients with mixed moderate aortic stenosis and moderate aortic regurgitation

Intervention is recommended in symptomatic patients with mixed moderate AV stenosis and moderate regurgitation, and a mean

gradient >40 mmHg or V., >4.0 m/s. ! 8
Intervention is recommended in asymptomatic patients with mixed moderate AV stenosis and moderate regurgitation with V., >4.0 m/s, I c
and LVEF <50% not attributable to other cardiac disease.

Recommendations for prosthetic valve selection

Mechanical heart valves

An MHV is recommended according to the desire of the informed patient and if there is no contraindication to long-term anticoagulation. |

Biological heart valves

A BHV is recommended according to the desire of the informed patient. I
A BHV is recommended when an adequate quality of anticoagulation with VKA is unlikely, in patients at high bleeding risk, or with estimated

short life expectancy.

Recommendations for the management of antithrombotic therapy in patients with a mechanical heart valve replacement

Lifelong OAC with a VKA is recommended for all patients with MHVs to prevent thromboembolic complications. |
INR self-monitoring and self-management are recommended over standard monitoring in selected, trained patients to improve efficacy. |
It is recommended that INR targets are based on the type and position of the MHYV, and the patient’s risk factors and comorbidities. I
Patient education is recommended to improve the quality of OAC. 1

Following cardiac surgery with MHV implantation, it is recommended to start UFH or LMWH bridging and VKA within 24 h, or as soon as I
considered safe.

DOACs and/or DAPT are not recommended to prevent thrombosis in patients with an MHV. -

I " IIII i i ’

Recommendations for the management of antithrombotic therapy in patients with mechanical heart valves undergoing elective
non-cardiac surgery or invasive procedures

Continuing VKA treatment is recommended in patients with an MHV for minor or minimally invasive interventions associated with no or
minimal bleeding.

It is recommended to discontinue VKA at least 4 days before major elective NCS, aiming for an INR <1.5, and to resume VKA treatment
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within 24 h after surgery, or as soon as considered safe.

Recommendations for the management of antithrombotic therapy in patients with a biological heart valve or valve repair
Transcatheter aortic valve implantation without indication for oral anticoagulation

Low-dose ASA (75-100 mg/day) is recommended for 12 months after TAVI in patients without indication for OAC.

A

DAPT is not recommended to prevent thrombosis after TAVI, unless there is a clear indication. --
B
B

Routine use of OAC is not recommended after TAVI in patients without baseline indication.

Surgical biological heart valve with indication for oral anticoagulation

OAC continuation is recommended in patients with a clear indication for OAC undergoing surgical BHV implantation. 1
Transcatheter biological heart valve with indication for oral anticoagulation

OAC is recommended for TAVI patients who have other indications for OAC. |
Recommendations on management of prosthetic valve dysfunction

Haemolysis and paravalvular leak

It is recommended that the decision between transcatheter or surgical closure of clinically significant PVLs is based on Heart Team

evaluation, including patient risk, leak morphology, and local expertise. ! c
Reoperation is recommended if a PVL is related to endocarditis, or causes haemolysis requiring repeated blood transfusion or leading to HF I c
symptoms.

Mechanical heart valve failure

Reoperation is recommended in symptomatic patients with significant valve dysfunction not attributable to valve thrombosis. | C
Biological heart valve failure

Reintervention is recommended in symptomatic patients with significant valve dysfunction not attributable to valve thrombosis. | C
Valve thrombosis

TOE and/or 4D-CT are recommended in patients with suspected valve thrombosis to confirm the diagnosis. 1 C

Continued
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Mechanical heart valve thrombosis

Heart Team evaluation is recommended in patients with acute HF (NYHA class Ill or IV) due to obstructive MHV thrombosis to determine B
appropriate management (repeat valve replacement or low-dose slow infusion fibrinolysis).

Biological heart valve thrombosis

OAC using VKA is recommended in BHV thrombosis before considering reintervention. 1 B

4D, four-dimensional; AF, atrial fibrillation; AR, aortic regurgitation; AS, aortic stenosis; ASA, acetylsalicylic acid; AV, aortic valve; AVA, aortic valve area; BHV, biological heart valve; BSA, body
surface area; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCTA, coronary CT angiography; CRT, cardiac resynchronization therapy; CT, computed tomography;
DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulation; GDMT, guideline-directed medical therapy; h, hour; HF, heart failure; INR, international normalized ratio; LA, left atrium/
left atrial; LAVI, left atrial volume index; LMWH, low-molecular-weight heparin; LV, left ventricle/left ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic
diameter; LVESD;, left ventricular end-systolic diameter indexed to BSA; MHV, mechanical heart valve; MR, mitral regurgitation; MS, mitral stenosis; MV, mitral valve; MVA, mitral valve area;
NCS, non-cardiac surgery; NYHA, New York Heart Association; OAC, oral anticoagulation; PH, pulmonary hypertension; PMC, percutaneous mitral commissurotomy; PMR, primary mitral
regurgitation; PVL, paravalvular leak; RV, right ventricle/right ventricular; SAVR, surgical aortic valve replacement; SMR, secondary mitral regurgitation; SPAP, systolic pulmonary artery
pressure; SVi, stroke volume index; TAVI, transcatheter aortic valve implantation; TEER, transcatheter edge-to-edge repair; TOE, transoesophageal echocardiography; TR, tricuspid
regurgitation; TS, tricuspid stenosis; TV, tricuspid valve; UFH, unfractionated heparin; VKA, vitamin K antagonist; V., peak transvalvular velocity.

Class of recommendation.
®Level of evidence.
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