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1 Preamble

Guidelines summarize and evaluate available evidence with the aim of

assisting health professionals in proposing the best management

strategies for an individual patient with a given condition. Guidelines

and their recommendations should facilitate decision making of

health professionals in their daily practice. However, the final deci-

sions concerning an individual patient must be made by the
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responsible health professional(s) in consultation with the patient

and caregiver as appropriate.

A great number of guidelines have been issued in recent years by

the European Society of Cardiology (ESC) and its partners such as

the European Association for Cardio-Thoracic Surgery (EACTS), as

well as by other societies and organizations. Because of their impact

on clinical practice, quality criteria for the development of guidelines

have been established in order to make all decisions transparent to

the user. The recommendations for formulating and issuing ESC

Guidelines can be found on the ESC website (https://www.escardio.

org/Guidelines). The ESC Guidelines represent the official position of

the ESC on a given topic and are regularly updated.

In addition to the publication of Clinical Practice Guidelines, the

ESC carries out the EURObservational Research Programme of

international registries of cardiovascular diseases and interventions

which are essential to assess diagnostic/therapeutic processes, use of

resources and adherence to guidelines. These registries aim at pro-

viding a better understanding of medical practice in Europe and

around the world, based on high-quality data collected during routine

clinical practice.

The Members of this Task Force were selected by the ESC and

EACTS, including representation from relevant ESC and EACTS sub-

specialty groups, in order to represent professionals involved with the

medical care of patients with this pathology. Selected experts in the

field undertook a comprehensive review of the published evidence for

management of a given condition according to ESC Clinical Practice

Guidelines Committee (CPG). A critical evaluation of diagnostic and

therapeutic procedures was performed, including assessment of the

risk�benefit ratio. The level of evidence and the strength of the rec-

ommendation of particular management options were weighed and

graded according to predefined scales, as outlined below.

The experts of the writing and reviewing panels provided declara-

tion of interest forms for all relationships that might be perceived as

real or potential sources of conflicts of interest. Their declarations of

interest were reviewed according to the ESC declaration of interest

rules and can be found on the ESC website (http://www.escardio.org/

guidelines) and have been compiled in a report and published in a

supplementary document simultaneously to the guidelines.

This process ensures transparency and prevents potential biases in

the development and review processes. Any changes in declarations of

interest that arise during thewriting periodwere notified to the ESC and

updated. The Task Force received its entire financial support from the

ESC and EACTSwithout any involvement from the healthcare industry.

The ESC CPG supervises and coordinates the preparation of new

guidelines. The Committee is also responsible for the endorsement

process of these guidelines. The ESC Guidelines undergo extensive

review by the CPG and external experts. After appropriate revisions

the guidelines are signed-off by all the experts involved in the Task

Force. The finalized document is signed-off by the CPG for publica-

tion in the European Heart Journal and the European Journal of

Cardio-Thoracic Surgery. The guidelines were developed after care-

ful consideration of the scientific and medical knowledge and the evi-

dence available at the time of their dating.

The task of developing ESC/EACTS Guidelines also includes the

creation of educational tools and implementation programmes for

the recommendations including condensed pocket guideline ver-

sions, summary slides, summary cards for non-specialists and an elec-

tronic version for digital applications (smartphones, etc.). These

versions are abridged and thus, for more detailed information, the

user should always access to the full text version of the guidelines,

which is freely available via the ESC and EACTS website and hosted

on the EHJ and EJCTS website. The National Cardiac Societies of the

ESC are encouraged to endorse, adopt, translate and implement all

ESC Guidelines. Implementation programmes are needed because it

has been shown that the outcome of disease may be favourably influ-

enced by the thorough application of clinical recommendations.

Table 1 Classes of recommendations
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Class I Evidence and/or general agreement 
that a given treatment or procedure is 

Is recommended or is indicated

Wording to use

Class III Evidence or general agreement that the 
given treatment or procedure is not 
useful/effective, and in some cases 
may be harmful.

Is not recommended

   Class IIb
established by evidence/opinion.

May be considered

   Class IIa Weight of evidence/opinion is in Should be considered

Class II 
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Health professionals are encouraged to take the ESC/EACTS

Guidelines fully into account when exercising their clinical judgment,

as well as in the determination and the implementation of preventive,

diagnostic or therapeutic medical strategies. However, the ESC/

EACTS Guidelines do not override in any way whatsoever the indi-

vidual responsibility of health professionals to make appropriate and

accurate decisions in consideration of each patient’s health condition

and in consultation with that patient or the patient’s caregiver where

appropriate and/or necessary. It is also the healthcare professional’s

responsibility to verify the rules and regulations applicable in each

country to drugs and devices at the time of prescription.

2 Introduction

2.1 Why do we need new guidelines on
valvular heart disease?
Since the publication of the previous version of the guidelines on the

management of valvular heart disease (VHD) in 2017, new evidence

has accumulated, particularly on the following topics:

• Epidemiology: the incidence of the degenerative aetiology has

increased in industrialized countries while, unfortunately, rheu-

matic heart disease is still too frequently observed in many parts

of the world.1�3

• Current practices regarding interventions and medical manage-

ment have been analysed in new surveys at the national and

European level.

• Non-invasive evaluation using three-dimensional (3D) echocar-

diography, cardiac computed tomography (CCT), cardiac mag-

netic resonance (CMR), and biomarkers plays a more and more

central role.

• New definitions of severity of secondary mitral regurgitation

(SMR) based on the outcomes of studies on intervention.

• New evidence on anti-thrombotic therapies leading to new rec-

ommendations in patients with surgical or transcatheter biopros-

theses for bridging during perioperative periods and over the

long term. The recommendation for non- vitamin K antagonist

oral anticoagulants (NOACs) was reinforced in patients with

native valvular disease, except for significant mitral stenosis, and

in those with bioprostheses.

• Risk stratification for the timing of intervention. This applies mostly

to (i) the evaluation of progression in asymptomatic patients based

on recent longitudinal studies mostly in aortic stenosis, and (ii)

interventions in high-risk patients in whom futility should be

avoided. Regarding this last aspect, the role of frailty is outlined.

• Results and indication of intervention:

� The choice of the mode of intervention: current evidence

reinforces the critical role of the Heart Team, which

should integrate clinical, anatomical, and procedural

characteristics beyond conventional scores, and

informed patient’s treatment choice.

� Surgery: increasing experience and procedural safety

led to expansion of indications toward earlier inter-

vention in asymptomatic patients with aortic stenosis,

aortic regurgitation or mitral regurgitation and stress

the preference for valve repair when it is expected

to be durable. A particular emphasis is put on the

need for more comprehensive evaluation and earlier

surgery in tricuspid regurgitation.

� Transcatheter techniques: (i) Concerning transcath-

eter aortic valve implantation (TAVI), new infor-

mation from randomized studies comparing TAVI

vs. surgery in low-risk patients with a follow-up of

2 years has led to a need to clarify which types of

patients should be considered for each mode of

intervention. (ii) Transcatheter edge-to-edge

repair (TEER) is increasingly used in SMR and has

been evaluated against optimal medical therapy

resulting in an upgrade of the recommendation.

(iii) The larger number of studies on transcatheter

valve-in-valve implantation after failure of surgical

bioprostheses served as a basis to upgrade its

Table 2 Levels of evidence

Level of 
evidence A

Data derived from multiple randomized clinical trials 
or meta-analyses. 

Level of 
evidence B

Data derived from a single randomized clinical trial
or large non-randomized studies. 

Level of 
evidence C

Consensus of opinion of the experts and/or small studies, 
retrospective studies, registries.
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.indication. (iv) Finally, the encouraging preliminary

experience with transcatheter tricuspid valve

interventions (TTVI) suggests a potential role of

this treatment in inoperable patients, although this

needs to be confirmed by further evaluation.

The new evidence described above made a revision of the recom-

mendations necessary.

2.2 Methodology
In preparation of the 2021 VHD Guidelines, a methodology group

has been created for the first time, to assist the Task Force for the

collection and interpretation of the evidence supporting specific rec-

ommendations. The group was constituted of two European Society

of Cardiology (ESC) and two European Association for Cardio-

Thoracic Surgery (EACTS) delegates who were also members of the

Table 3 What is new

New or Revised Recommendations in 2017 version Class Recommendations in 2021 version Class

Section 3: Management of atrial fibrillation in patients with native VHD

Revised Surgical excision or external clipping of the LAA

may be considered in patients undergoing valve

surgery.
IIb

LAA occlusion should be considered to reduce the

thromboembolic risk in patients with AF and

a CHA2DS2VASc score >_2 undergoing valve

surgery.

IIa

Revised NOACs should be considered as an alternative to

VKAs in patients with aortic stenosis, aortic regur-

gitation and mitral regurgitation presenting with

AF.

IIa

For stroke prevention in AF patients who are eligi-

ble for OAC, NOACs are recommended in pref-

erence to VKAs in patients with aortic stenosis,

aortic and mitral regurgitation.

I

Section 4. Recommendations on indications for surgery in severe aortic regurgitation

Revised Surgery is indicated in asymptomatic patients with

resting ejection fraction <_50%.
I

Surgery is recommended in asymptomatic patients

with LVESD >50mm or LVESD >25mm/m2 BSA

(in patients with small body size) or resting LVEF

<_50%. I

Surgery should be considered in asymptomatic

patients with resting ejection fraction >50% with

severe LV dilatation: LVEDD >70mm or LVESD

>50mm (or LVESD >25mm/m2 BSA in patients

with small body size).

IIa

New Surgery may be considered in asymptomatic

patients with LVESD >20mm/m2 BSA (especially

in patients with small body size) or resting LVEF

<_55%, if surgery at low-risk.

IIb

Revised Heart Team discussion is recommended in

selected patients in whom aortic valve repair may

be a feasible alternative to valve replacement.

I

Aortic valve repair may be considered in selected

patients at experienced centres when durable

results are expected.

IIb

Section 4. Recommendations on indications for surgery in aortic root or tubular ascending aortic aneurysm (irrespective of the severity of

aortic regurgitation)

Revised Aortic valve repair, using the reimplantation or

remodelling with aortic annuloplasty technique, is

recommended in young patients with aortic root

dilation and tricuspid aortic valves, when per-

formed by experienced surgeons.

I

Valve-sparing aortic root replacement is recom-

mended in young patients with aortic root dilation,

if performed in experienced centres and durable

results are expected.

I

Section 5. Recommendations on indications for intervention in symptomatic and asymptomatic aortic stenosis

Symptomatic aortic stenosis

Revised Intervention is indicated in symptomatic patients

with severe, high-gradient aortic stenosis (mean

gradient >_40 mmHg or peak velocity >_4.0 m/s).
I

Intervention is recommended in symptomatic

patients with severe, high-gradient aortic stenosis

[mean gradient >_40mmHg, peak velocity >_4.0m/s

and valve area <_1.0 cm2 (or <_0.6 cm2/m2)].

I

Asymptomatic patients with severe aortic stenosis

New Intervention should be considered in asympto-

matic patients with severe aortic stenosis and sys-

tolic LV dysfunction (LVEF <55%) without another

cause.

IIa

Continued
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Table 3 Continued

New or Revised Recommendations in 2017 version Class Recommendations in 2021 version Class

Revised SAVR should be considered in asymptomatic

patients with normal ejection fraction and none of

the above-mentioned exercise test abnormalities if

the surgical risk is low and one of the following

findings is present:

• Very severe aortic stenosis defined by a Vmax

>5.5 m/s.

• Severe valve calcification and a rate of Vmax

progression >_0.3 m/s/year.

• Markedly elevated BNP levels (>3x age- and

sex-corrected normal range) confirmed by

repeated measurements without other

explanations.

• Severe pulmonary hypertension (systolic pul-

monary artery pressure at rest >60 mmHg

confirmed by invasive measurement) without

other explanation.

IIa

Intervention should be considered in asympto-

matic patients with LVEF >55% and a normal exer-

cise test if the procedural risk is low and one of

the following parameters is present:

• Very severe aortic stenosis (mean gradient

>_60 mmHg or Vmax >_5m/s).

• Severe valve calcification (ideally assessed by

CCT) and Vmax progression >_0.3m/s/year.

• Markedly elevated BNP levels (>3� age- and

sex-corrected normal range) confirmed by

repeated measurements and without other

explanation.

IIa

Section 5. Recommended mode of intervention In patients with aortic stenosis

Revised The choice for intervention must be based on

careful individual evaluation of technical suitability

and weighing of risks and benefits of each modality.

In addition, the local expertise and outcomes data

for the given intervention must be taken into

account.

I

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 treat-

ment choice.

I

Revised SAVR is recommended in patients at low surgical

risk (STS or EuroSCORE II <4% or logistic

EuroSCORE I <10%, and no other risk factors not

included in these scores, such as frailty, porcelain

aorta, sequelae of chest radiation).

I

SAVR is recommended in younger patients who

are low risk for surgery (<75 years and STS-

PROM/ EuroSCORE II <4%) or in patients who

are operable and unsuitable for transfemoral TAVI.

I

Revised TAVI is recommended in patients who are not

suitable for SAVR as assessed by the Heart Team. I

TAVI is recommended in older patients (>_75

years), or in those who are high-risk (STS-PROM/

EuroSCORE II >8%) or unsuitable for surgery.

I

Revised In patients who are at increased surgical risk (STS

or EuroSCORE II >_4% or logistic EuroSCORE I

>_10%, or other risk factors not included in these

scores such as frailty, porcelain aorta, sequelae of

chest radiation), the decision between SAVR and

TAVI should be made by the Heart Team accord-

ing to the individual patient characteristics, with

TAVI being favoured in elderly patients suitable for

transfemoral access.

I

SAVR or TAVI are recommended for remaining

patients according to individual clinical, anatomical

and procedural characteristics.

I

New Non-transfemoral TAVI may be considered in

patients who are inoperable for SAVR and unsuit-

able for transfemoral TAVI.

IIb

Section 6. Indications for intervention in severe primary mitral regurgitation

Revised Surgery is indicated in asymptomatic patients with

LV dysfunction (LVESD>_45 mm and/or

LVEF<_60%).

I

Surgery is recommended in asymptomatic patients

with LV dysfunction (LVESD >_40 mm and/or LVEF

<_60%).

I

Continued
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Table 3 Continued

New or Revised Recommendations in 2017 version Class Recommendations in 2021 version Class

Revised Surgery should be considered in asymptomatic

patients with preserved LV function (LVESD

<45 mm and LVEF >60%) and AF secondary to

mitral regurgitation or pulmonary hypertension

(SPAP at rest >50 mmHg).

IIa

Surgery should be considered in asymptomatic

patients with preserved LV function (LVESD

<40 mm and LVEF >60%) and AF secondary to

mitral regurgitation or pulmonary hypertension

(SPAP at rest >50 mmHg).

IIa

Revised Surgery should be considered in asymptomatic

patients with preserved LVEF (>60%) and LVESD

40�44 mm when a durable repair is likely, surgical

risk is low, the repair is performed in a Heart Valve

Centre and at least one of the following findings is

present:

• flail leaflet or;

• presence of significant LA dilatation (volume

index >_60 mL/m2 BSA) in sinus rhythm.

IIa

Surgical mitral valve repair should be considered in

low-risk asymptomatic patients with LVEF >60%,

LVESD <40 mm and significant LA dilatation (vol-

ume index >_60 mL/m2 or diameter >_55 mm)

when performed in a Heart Valve Centre and a

durable repair is likely.

IIa

Section 6. Indications for mitral valve intervention in chronic severe secondary mitral regurgitation

New Valve surgery/intervention is recommended only

in patients with severe SMR who remain sympto-

matic despite GDMT (including CRT if indicated)

and has to be decided by a structured collaborative

Heart Team.

I

Patients with concomitant coronary artery or other cardiac disease requiring treatment

New In symptomatic patients, who are judged not

appropriate for surgery by the Heart Team on the

basis of their individual characteristics, PCI (and/or

TAVI) possibly followed by TEER (in case of per-

sisting severe SMR) should be considered.

IIa

Revised Surgery is indicated in patients with severe SMR

undergoing CABG and LVEF >30%.
I

Valve surgery is recommended in patients under-

going CABG or other cardiac surgery.
I

Patients without concomitant coronary artery or other cardiac disease requiring treatment

Revised When revascularization is not indicated and surgi-

cal risk is not low, a percutaneous edge-to-edge

procedure may be considered in patients with

severe secondary mitral regurgitation and LVEF

>30% who remain symptomatic despite optimal

medical management (including CRT if indicated)

and who have a suitable valve morphology by

echocardiography, avoiding futility.

IIb

TEER should be considered in selected sympto-

matic patients, not eligible for surgery and fulfilling

criteria suggesting an increased chance of respond-

ing to the therapy.
IIa

Revised In patients with severe SMR and LVEF <30% who

remain symptomatic despite optimal medical man-

agement (including CRT if indicated) and who have

no option for revascularization, the Heart Team

may consider a percutaneous edge-to-edge proce-

dure or valve surgery after careful evaluation for a

ventricular assist device or heart transplant

according to individual patient characteristics.

IIb

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 trans-catheter valve therapy if

applicable, after careful evaluation for ventricular

assist device or heart transplant.

IIb

Section 8: Indications for intervention in primary tricuspid regurgitation

Revised Surgery should be considered in asymptomatic or

mildly symptomatic patients with severe isolated

primary tricuspid regurgitation and progressive RV

dilatation or deterioration of RV function.

IIa

Surgery should be considered in asymptomatic or

mildly symptomatic patients with isolated severe

primary tricuspid regurgitation and RV dilatation

who are appropriate for surgery.

IIa
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Table 3 Continued

New or Revised Recommendations in 2017 version Class Recommendations in 2021 version Class

Section 8: Indications for intervention in secondary tricuspid regurgitation

Revised After previous left-sided surgery and in absence of

recurrent left-sided valve dysfunction, surgery

should be considered in patients with severe tri-

cuspid regurgitation who are symptomatic or have

progressive RV dilatation/dysfunction, in the

absence of severe RV or LV dysfunction and

severe pulmonary vascular disease/hypertension.

IIa

Surgery should be considered in patients with

severe secondary tricuspid regurgitation (with or

without previous left-sided surgery) who are

symptomatic or have RV dilatation, in the absence

of severe RV or LV dysfunction and severe pulmo-

nary vascular disease/hypertension.

IIa

New Transcatheter treatment of symptomatic secon-

dary severe tricuspid regurgitation may be consid-

ered in inoperable patients at a Heart Valve

Centre with expertise in the treatment of tricuspid

valve disease.

IIb

Section 11. Recommendations for prosthetic valve selection

New A bioprosthesis may be considered in patients

already on long-term NOACs due to the high risk

for thromboembolism.

IIb

Revised A bioprosthesis should be considered in those

(patients) whose life expectancy is lower than the

presumed durability of the bioprosthesis.

IIa

A bioprosthesis is recommended when good-qual-

ity anticoagulation is unlikely (adherence problems,

not readily available), contraindicated because of

high bleeding risk (previous major bleed, comor-

bidities, unwillingness, adherence problems, life-

style, occupation) and in those patients whose life

expectancy is lower than the presumed durability

of the bioprosthesis.

I

Section 11. Recommendations for perioperative and postoperative antithrombotic management of valve replacement or repair

Management of antithrombotic therapy in the perioperative period

New Bridging of OAC, when interruption is needed, is

recommended in patients with any of the following

indication:

• Mechanical prosthetic heart valve.

• AF with significant mitral stenosis.

• AF with a CHA2DS2-VASc score >_3 for

women or 2 for men.

• Acute thrombotic event within the previous 4

weeks.

• High acute thromboembolic risk.

I

New It is recommended that VKAs are timely discontin-

ued prior to elective surgery to aim for an INR

<1.5.

I

New In patients undergoing surgery, it is recommended

that aspirin therapy, if indicated, is maintained dur-

ing the periprocedural period.

I

New In patients who have undergone valve surgery with

an indication for postoperative therapeutic bridg-

ing, it is recommended to start either UFH or

LMWH 12�24 hours after surgery.

I

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

initiate VKAs on the first postoperative day.
I

Continued
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Table 3 Continued

New or Revised Recommendations in 2017 version Class Recommendations in 2021 version Class

New In patients treated with DAPT after recent PCI

(within 1 month) who need to undergo heart valve

surgery, in the absence of an indication for OAC, it

is recommended to resume the P2Y12 inhibitor

postoperatively, as soon as there is no concern

over bleeding.

I

New In patients treated with DAPT after recent PCI

(within 1 month) who need to undergo heart valve

surgery, in the absence of an indication for OAC,

bridging P2Y12 inhibitors with glycoprotein IIb/IIIa

inhibitors or cangrelor may be considered.

IIb

Patients with an indication to concomitant antiplatelet therapy

Revised In patients undergoing an uncomplicated PCI dual

therapy comprising VKA and clopidogrel (75 mg/

day) should be considered as an alternative to 1-

month triple antithrombotic therapy in patients in

whom the bleeding risk outweighs the ischaemic

risk.

IIa

After uncomplicated PCI or ACS in patients

requiring long -term OAC, early cessation (<_1

week) of aspirin and continuation of dual therapy

with OAC and a P2Y12 inhibitor (preferably clopi-

dogrel) for up to 6 months (or up to 12 months in

ACS) is recommended if the risk of stent throm-

bosis is low or if concerns about bleeding risk pre-

vail over concerns about risk of stent thrombosis,

irrespective of the type of stent used.

I

New Discontinuation of antiplatelet treatment in

patients treated with an OAC is recommended

after 12 months.

I

New In patients treated with a VKA (e.g. MHVs), clopi-

dogrel alone should be considered in selected

patients (e.g. HAS-BLED >_3 or ARC-HBR met and

low risk of stent thrombosis) for up to 12 months.

IIa

New In patients requiring aspirin and/or clopidogrel in

addition to VKA, the dose intensity of VKA should

be considered and carefully regulated with a target

INR in the lower part of the recommended target

range and a time in the therapeutic range >65-

70%.

IIa

New After uncomplicated PCI or ACS in patients

requiring both OAC and antiplatelet therapy, triple

therapy with aspirin, clopidogrel and OAC for lon-

ger than 1 week should be considered when the

risk of stent thrombosis outweighs the risk of

bleeding, with a total duration (<_1 month) decided

according to assessment of these risks and clearly

specified at hospital discharge.

IIa

Surgical valve replacement

New NOACs should be considered over VKA after 3

months following surgical implantation of a BHV, in

patients with AF.

IIa

New In patients with no baseline indications for OAC,

low-dose aspirin (75-100 mg/day) or OAC using a

VKA should be considered for the first 3 months

after surgical implantation of an aortic BHV.

IIa

New NOACs may be considered over VKA within 3

months following surgical implantation of a BHV in

mitral position in patients with AF.

IIb
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Task Force. Although the principle activities of the group concerned

the chapter on aortic stenosis and SMR, it was not limited to these

two domains. The methodology group was at disposal, upon request

of the Task Force members, to resolve specific methodological

issues.

2.3 Content of these guidelines
Decision making in VHD involves accurate diagnosis, timing of inter-

vention, risk assessment and, based on these, selection of the most

suitable type of intervention. These guidelines focus on acquired

VHD, are oriented towards management, and do not deal with endo-

carditis,4 congenital valve disease5 (including pulmonary valve dis-

ease), or recommendations concerning sports cardiology and

exercise in patients with cardiovascular disease,6 as separate

guidelines have been published by the ESC on these topics.

2.4 New format of the guidelines
The new guidelines have been adapted to facilitate their use in clinical

practice and to meet readers’ demands by focusing on condensed,

clearly represented recommendations. At the end of the document,

key points summarize the essentials. Gaps in evidence are listed to

propose topics for future research. The guideline document will be

harmonized with the chapter on VHD included in the ESC Textbook of

Cardiovascular Medicine (ISBN: 9780198784906). The guidelines and

the textbook are complementary. Background information and

detailed discussion of the data that have provided the basis for the

recommendations will be found in the relevant book chapter.

2.5 How to use these guidelines
The Committee emphasizes that many factors ultimately determine

the most appropriate treatment in individual patients within a given

community. These factors include the availability of diagnostic equip-

ment, the expertise of cardiologists and surgeons, especially in the

field of valve repair and percutaneous intervention, and, notably, the

wishes of well-informed patients. Furthermore, owing to the lack of

evidence-based data in the field of VHD, most recommendations are

largely the result of expert consensus opinion. Therefore, deviations

from these guidelines may be appropriate in certain clinical

circumstances.

Table 3 Continued

New or Revised Recommendations in 2017 version Class Recommendations in 2021 version Class

Transcatheter Aortic Valve Implantation

New OAC is recommended lifelong for TAVI patients

who have other indications for OAC.
I

Revised SAPT may be considered after TAVI in the case of

high bleeding risk.
IIb

Lifelong SAPT is recommended after TAVI in

patients with no baseline indication for OAC.
I

New Routine use of OAC is not recommended after

TAVI in patients with no baseline indication for

OAC.

III

Section 11. Recommendations on management of prosthetic valve dysfunction

Haemolysis and paravalvular leak

New Decision on transcatheter or surgical closure of

clinically significant paravalvular leaks should be

considered based on patient risk status, leak mor-

phology, and local expertise.

IIa

Bioprosthetic thrombosis

New Anticoagulation should be considered in patients

with leaflet thickening and reduced leaflet motion

leading to elevated gradients, at least until

resolution.

IIa

Bioprosthetic failure

New Transcatheter valve-in-valve implantation in the

mitral and tricuspid position may be considered in

selected patients at high-risk for surgical re-

intervention.

IIb

ACS= acute coronary syndrome; AF = atrial fibrillation; ARC-HBR=Academic Research Consortium - high bleeding risk; BHV= biological heart valve; BNP=B-type natriuretic

peptide; BSA= body surface area; CABG=Coronary artery bypass grafting; CCT= cardiac computed tomography; CRT= cardiac resynchronization therapy; DAPT= dual anti-

platelet therapy; EuroSCORE= European System for Cardiac Operative Risk Evaluation; GDMT= guideline-directed medical therapy; INR= international normalized ratio;

LA= left atrium/left atrial; LAA= left atrial appendage; LMWH= low-molecular-weight heparin; LV = left ventricle/left ventricular; LVEDD= left ventricular end-diastolic diame-

ter; LVEF = left ventricular ejection fraction; LVESD= Left ventricular end-systolic diameter; MHV=mechanical heart valve; NOAC=non-vitamin K antagonist oral anticoagu-

lant; OAC=oral anticoagulation; PCI = percutaneous coronary intervention; RV= right ventricle/right ventricular; SAPT= single antiplatelet therapy; SAVR= surgical aortic

valve replacement; SMR= secondary mitral regurgitation; SPAP= systolic pulmonary arterial pressure; STS-PROM=Society of Thoracic Surgeons - predicted risk of mortality;

TAVI = transcatheter aortic valve implantation; TEER= transcatheter edge-to-edge repair; UFH= unfractionated heparin; VHD= valvular heart disease; VKA= vitamin K antago-

nist; Vmax=peak transvalvular velocity.
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3 General comments

This section defines and discusses concepts common to all the types

of VHD including the Heart Team and Heart Valve Centres, the main

evaluation steps of patients presenting with VHD, as well as the most

commonly associated cardiac diseases.

3.1 Concepts of Heart Team and Heart
Valve Centre
The main purpose of Heart Valve Centres as centres of excellence in

the treatment of VHD is to deliver optimal quality of care with a

patient-centred approach. The main requirements of a Heart Valve

Centre are presented in Table 4.

This is achieved through high procedural volume in conjunction

with specialized training, continuous education, and focused clinical

interest. Heart Valve Centres should promote timely referral of

patients with VHD for comprehensive evaluation before irreversible

damage occurs.

Decisions concerning treatment and intervention should be

made by an active and collaborative Heart Team with expertise in

VHD, comprising clinical and interventional cardiologists, cardiac

surgeons, imaging specialists with expertise in interventional imag-

ing,7,8 cardiovascular anaesthesiologists, and other specialists if

necessary (e.g. heart failure specialists or electrophysiologists).

Dedicated nursing personnel with expertise in the care of patients

with VHD are also an important asset to the Heart Team. The

Heart Team approach is particularly advisable for the manage-

ment of high-risk and asymptomatic patients, as well as in case of

uncertainty or lack of strong evidence.

Heart Valve Clinics are an important component of the Heart

Valve Centres, aiming to provide standardized organization of care

based on guidelines. Access to Heart Valve Clinics improves

outcomes.9

Physicians experienced in the management of VHD and dedicated

nurses organize outpatient visits, and referral to the Heart Team, if

needed. Earlier referral should be encouraged if patient’s symptoms

develop or worsen before the next planned visit.10,11

Beside the whole spectrum of valvular interventions, expertise

in interventional and surgical management of coronary artery dis-

ease (CAD), vascular diseases, and complications must be

available.

Techniques with a steep learning curve may be performed with

better results at hospitals with high procedural volume and experi-

ence. The relationship between case volume and outcomes for sur-

gery and transcatheter interventions is complex but should not be

denied.12�14 However, the precise numbers of procedures per indi-

vidual operator or hospital required to provide high-quality care

remain controversial as inequalities exist between high- and middle-

income countries.15 High-volume TAVI programmes are associated

with lower mortality at 30 days, particularly at hospitals with a high

surgical aortic valve replacement (SAVR) volume.16,17 The data avail-

able on transcatheter mitral valve repair14,18 and, even more so,

transcatheter tricuspid procedures are more limited.

Since performance does not exclusively relate to intervention vol-

ume, internal quality assessment consisting of systematic recording of

procedural data and patient outcomes at the level of a given Heart

Valve Centre is essential, as well as participation in national or ESC/

EACTS registries.

A Heart Valve Centre should have structured and possibly com-

bined training programmes for interventionalists, cardiac surgeons,

and imaging specialists13,19,20 (https://ebcts.org/syllabus/). New tech-

niques should be taught by competent mentors to minimize the

effects of the learning curve.

Finally, Heart Valve Centres should contribute to optimizing the

management of patients with VHD, provide corresponding services

at the community level, and promote networks that include other

medical departments, referring cardiologists and primary care

physicians.

3.2 Patient evaluation
The aims of the evaluation of patients with VHD are to diagnose,

quantify, and assess the mechanism of VHD, as well as its

consequences.

Table 4 Requirements for a Heart Valve Centre

Requirements

Centre performing heart valve procedures with institutional cardiology

and cardiac surgery departments with 24 h/7-day services.

Heart Team: clinical cardiologist, interventional cardiologist, cardiac

surgeon, imaging specialist with expertise in interventional imaging, cardi-

ovascular anaesthesiologist.

Additional specialists if required: heart failure specialist, electro-

physiologist, geriatrician and other specialists (intensive care, vascular

surgery, infectious disease, neurology). Dedicated nursing personnel is

an important asset to the Heart Team.

The Heart Team must meet on a frequent basis and work with standard

operating procedures and clinical governance arrangements defined

locally.

A hybrid catheterization laboratory is desirable.

The entire spectrum of surgical and transcatheter valve procedures

should be available.

High volume for hospital and individual operators.

Multimodality imaging including echocardiography, CCT, CMR, and

nuclear medicine, as well as expertise on guidance of surgical and inter-

ventional procedures.

Heart Valve Clinic for outpatient and follow-up management.

Data review: continuous evaluation of outcomes with quality review

and/or local/external audit.

Education programmes targeting patient primary care, operator,

diagnostic and interventional imager training and referring

cardiologist.

CCT= cardiac computed tomography; CMR= cardiac magnetic resonance.
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3.2.1 Clinical evaluation

Precise evaluation of the patient’s history and symptomatic status,

and proper physical examination, in particular auscultation21 and

search for heart failure signs, are crucial. In addition, assessment of

their comorbidities and general condition require particular atten-

tion. The essential questions in the evaluation of a patient for valvular

intervention are summarized in Figure 1 (Central illustration).

3.2.2 Echocardiography

Following adequate clinical evaluation, echocardiography is the key

technique used to confirm the diagnosis of VHD, as well as to assess

its aetiology, mechanisms, function, severity, and prognosis. It should

be performed and interpreted by properly trained imagers.22,23

Echocardiographic criteria for the definition of severe valve steno-

sis and regurgitation are addressed in specific documents24,25 and

Heart Valve Centre

Centre of excellence in the

treatment of VHD

Heart Valve Clinic

Standardized organisation of

care providing guideline-

directed treatment of VHD

Network

Medical departments, referring

cardiologists and primary

care physicians

Aetiology, lesion

and mechanisms

of VHD

Severity of VHD

Symptoms

related to VHD

Life expectancy

and quality

of life

Optimal local

resources

Benefits outweigh

the risks

Treatment

options

Patient’s goals

Individual anatomical and procedural factors

Echocardiography (TTE and TOE), CCT

Patient-centred evaluation for intervention

Integrative echocardiography, CCT

CMR, stress testing

Clinical evaluation, biomarkers, stress testing

in asymptomatic patients

Age/estimated life expectancy, sex,

country, comorbidities

Operative risk, comorbidities, markers of

progression in asymptomatic patients

Values and expectations of the informed patient

Heart Team decision

Availability and expected outcomes of a

given intervention at a given centre

Clinical and

imaging

assessment

Heart

Team

evaluation

Figure 1 Central illustration: Patient-centred evaluation for intervention. VHD= valvular heart disease; CCT= cardiac computed tomography;

CMR= cardiac magnetic resonance; TOE= transoesophageal echocardiography; TTE= transthoracic echocardiography.
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summarized in the specific sections of these guidelines.

Echocardiography is also key to evaluating the feasibility of a specific

intervention.

Indices of left ventricular (LV) enlargement and function are strong

prognostic factors. Recent studies suggest that global longitudinal

strain has greater prognostic value than LV ejection fraction (LVEF),

although cut-off values are not uniform.26,27 Transoesophageal

echocardiography (TOE) should be considered when transthoracic

echocardiography (TTE) is of suboptimal quality or when thrombo-

sis, prosthetic valve dysfunction, or endocarditis is suspected.

TOE is useful when detailed functional valve anatomy is required

to assess repairability. Intraprocedural TOE, preferably 3D, is

used to guide transcatheter mitral and tricuspid valve procedures

and to assess the immediate result of surgical valve operations.

Multimodality imaging may be required in specific conditions for

evaluation and/or procedural guidance in TAVI and transcatheter

mitral interventions.28,29

3.2.3 Other non-invasive investigations

3.2.3.1 Stress testing

The primary purpose of exercise testing is to unmask the objective

occurrence of symptoms in patients who claim to be asymptomatic.

It is especially useful for risk stratification in aortic stenosis.30 Exercise

testing will also determine the level of recommended physical activ-

ity, including participation in sports. It should be emphasized that

stress testing is safe and useful in asymptomatic patients with VHD.

Unfortunately, the VHD II survey indicates that it is rarely performed

in asymptomatic patients.1

Exercise echocardiography may identify the cardiac origin of dysp-

noea. Prognostic impact has been shown mainly for aortic stenosis

and mitral regurgitation.31,32

The use of stress tests to detect CAD associated with severe valv-

ular disease is discouraged because of their low diagnostic value and

potential risks in symptomatic patients with aortic stenosis.

3.2.3.2 Cardiac magnetic resonance

In patients with inadequate echocardiographic quality or discrepant

results, CMR should be used to assess the severity of valvular lesions,

particularly regurgitant lesions, and to assess ventricular volumes, sys-

tolic function, abnormalities of the ascending aorta, and myocardial

fibrosis.33 CMR is the reference method for the evaluation of right

ventricular (RV) volumes and function and is therefore particularly

useful to evaluate the consequences of tricuspid regurgitation.34 It

also has an incremental value for assessing the severity of aortic and

mitral regurgitation.

3.2.3.3 Computed tomography

CCT may contribute to the evaluation of valve disease severity,

particularly in aortic stenosis35,36 and possibly associated disease

of the thoracic aorta (dilatation, calcification), as well as to evalu-

ate the extent of MAC. CCT should be performed whenever the

echocardiographic data indicate an aortic enlargement >40 mm,

to clarify aortic diameter and to assess aortic morphology and

configuration. CCT is essential in the pre-procedural planning of

TAVI and can also be useful to assess patient-prosthesis mismatch

(PPM).37 It is also a prerequisite for pre-procedural planning of

mitral and tricuspid valve interventions.38 Positron emission

tomography (PET)/CCT is useful in patients with a suspicion of

endocarditis of a prosthetic valve.39,40

3.2.3.4 Cinefluoroscopy

Cinefluoroscopy is particularly useful for assessing the kinetics of the

leaflet occluders of a mechanical prosthesis.

3.2.3.5 Biomarkers

B-type natriuretic peptide (BNP) serum levels, corrected for age and

sex, are useful in asymptomatic patients and may assist selection of

the appropriate time point for a given intervention,41 particularly if

the level rises during follow-up. Other biomarkers have been tested,

with evidence for fibrosis, inflammation, and adverse ventricular

remodelling, which could improve decision making.42

3.2.3.6 Multimarkers and staging

In patients with at least moderate aortic stenosis and LVEF >50%,

staging according to damage associated with aortic stenosis on LV/

RV, left atrium (LA), mitral /tricuspid valve, and pulmonary circulation

was predictive of excess mortality after TAVI and SAVR, and may

help to identify patients who will benefit from an intervention.43,44

3.2.4 Invasive investigations

3.2.4.1 Coronary angiography

Coronary angiography is recommended for the assessment of CAD

when surgery or an intervention is planned, to determine if concomi-

tant coronary revascularization is recommended (see recom-

mendations for management of CAD in patients with VHD).45,46

Alternatively, owing to its high negative predictive value, CCT may be

used to rule out CAD in patients who are at low risk of atherosclero-

sis. The usefulness of fractional flow reserve or instantaneous wave-

free ratio in patients with VHD is not well established, and caution is

warranted in the interpretation of these measurements when VHD,

and in particular aortic stenosis, is present.47,48

3.2.4.2 Cardiac catheterization

The measurement of pressures and cardiac output or the assessment

of ventricular performance and valvular regurgitation by ventricular

angiography or aortography is restricted to situations where non-

invasive evaluation by multimodality imaging is inconclusive or dis-

cordant with clinical findings. When elevated, pulmonary pressure is

the only criterion to support the indication for surgery, and confirma-

tion of echo data by invasive measurement is recommended. Right

heart catheterization is also indicated in patients with severe tricuspid

regurgitation as Doppler gradient may be impossible or underesti-

mate the severity of pulmonary hypertension.

3.2.5 Assessment of comorbidity

The choice of specific examinations to assess comorbidity is guided

by the clinical evaluation.

3.3 Risk stratification
Risk stratification applies to any sort of intervention and is required

for weighing the risk of intervention against the expected natural his-

tory of VHD and for choosing the type of intervention. Most experi-

ence relates to surgery and TAVI.
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3.3.1 Risk scores

The Society of Thoracic Surgeons (STS) predicted risk of mortality

(PROM) score (http://riskcalc.sts.org/stswebriskcalc/calculate) and

the European System for Cardiac Operative Risk Evaluation II

(EuroSCORE II; http://www.euroscore.org/calc.html) accurately dis-

criminate high- and low-risk surgical patients and show good calibra-

tion to predict postoperative outcome after valvular surgery in the

majority of the patients,49,50 while risk estimation may be less accu-

rate in high-risk patients.51 The STS-PROM score is dynamic and

changes over time. Of note, the risk scores have not been validated

for isolated tricuspid surgical interventions.

In isolation, surgical scores have major limitations for practical use

in patients undergoing transcatheter intervention because they do

not include major risk factors such as frailty, as well as anatomical

factors with impact on the procedure, either surgical or transcatheter

[porcelain aorta, previous chest radiation, mitral annular calcification

(MAC)].

New scores have been developed to estimate the risk in patients

undergoing TAVI, with better accuracy and discrimination than the

surgical risk scores, despite numerous limitations52�54

(Supplementary Table 1).

Experience with risk stratification is currently limited for other

interventional procedures, such as mitral or tricuspid interventions.

3.3.2 Other factors

Other factors should be taken into account:

• Frailty, defined as a decrease of physiologic reserve and ability to

maintain homeostasis leading to an increased vulnerability to

stresses and conferring an increased risk of morbidity and mortal-

ity after both surgery and TAVI.55 The assessment of frailty

should not rely on a subjective approach, such as the ‘eyeball

test’, but rather on a combination of different objective

estimates.55�59 Several tools are available for assessing frailty

(Supplementary Table 2,59 and Supplementary Table 3).60

• Malnutrition61 and cognitive dysfunction62 both predict poor

prognosis.

• Other major organ failures (Supplementary Table 4), in particular

the combination of severe lung disease,63,64 postoperative pain

from sternotomy or thoracotomy and prolonged time under

anaesthesia in patients undergoing SAVR via full sternotomy, may

contribute to pulmonary complications. There is a positive asso-

ciation between the impairment of renal function and increased

mortality after valvular surgery and transcatheter procedures,65

especially when the glomerular filtration rate is <30 mL/min.

Liver disease, is also an important prognostic factor.66

• Anatomical aspects affecting procedural performance such as

porcelain aorta or severe MAC67 (see Table 6 in section 5.1.3,

and Supplementary Figure 1).

At the extreme of the risk spectrum, futility should be avoided.

Therapeutic futility has been defined as a lack of medical efficacy, par-

ticularly when the physician judges that the therapy is unlikely to pro-

duce its intended clinical results, or lack of meaningful survival

according to the personal values of the patient. Assessment of futility

goes beyond survival and includes functional recovery. The futility of

interventions has to be taken into consideration, particularly for

transcatheter interventions.63

The high prevalence of comorbidity in the elderly makes assess-

ment of the risk/benefit ratios of interventions more difficult, there-

fore the role of the Heart Team is essential in this specific population

of patients (Supplementary Table 5).

3.4 Patient-related aspects
Patient-related life expectancy and expected quality of life should be

considered. The patient and their family should be thoroughly

informed and assisted in their decision on the best treatment

option.13 A patient-centred approach would take patient-reported

outcome measures and patient-reported experience measures into

consideration and make these parameters part of the informed

choice offered to patients.68,69

When benefit in symptom relief aligns with a patient’s goals, care is

not futile. However, care is futile when no life prolongation or symp-

tom relief is anticipated.70

3.5 Local resources
Even if it is desirable that Heart Valve Centres are able to perform a

large spectrum of procedures, either surgical or catheter-based,

specialization and thereby expertise in specific domains will vary and

should be taken into account when deciding on the orientation of the

patient in specific cases, such as complex surgical valve repair or

transcatheter intervention.

In addition, penetration of transcatheter interventions is heteroge-

neous worldwide and highly dependent on socioeconomic inequal-

ities.15,71 Appropriate stewardship of economic resources is a

fundamental responsibility of the Heart Team.

3.6 Management of associated conditions
3.6.1 Coronary artery disease

Recommendations for the management of CAD associated with

VHD are provided below and are detailed in specific sections (sec-

tion 5 and section 6.2) of this guideline document, as well as in other

dedicated guideline documents.45,46,72,73

Recommendations for management of CAD in patients
with VHD.

Recommendations Classa Levelb

Diagnosis of CAD

Coronary angiography is recommended before

valve surgery in patients with severe VHD and

any of the following:

• History of cardiovascular disease.

• Suspected myocardial ischaemia.c

• LV systolic dysfunction.

• In men >40 years of age and postmenopausal

women.

• One or more cardiovascular risk factors.

I C
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3.6.2 Atrial fibrillation

Detailed recommendations on the management of patients with

atrial fibrillation (AF) including management of anticoagulation are

provided in specific guidelines.74 NOACs are recommended in

patients with aortic stenosis, aortic regurgitation or mitral regurgita-

tion presenting with AF75�78 as subgroup analyses of randomized

controlled trials (RCTs) support the use of apixaban, dabigatran,

edoxaban, and rivaroxaban. The use of NOACs is not recommended

in patients who have AF associated with clinically significant mitral

stenosis or those with mechanical prostheses.

Surgical ablation of AF combined with mitral valve surgery effec-

tively reduces the incidence of AF but has no impact on adjusted

short-term survival. An increased rate of pacemaker implantation has

been observed after surgical ablation (9.5%, vs. 7.6% in the group

with AF and no surgical ablation).79 Concomitant AF ablation should

be considered in patients undergoing cardiac surgery, balancing the

benefits of freedom from atrial arrhythmias with the risk factors for

recurrence, such as age, LA dilatation, years in AF, renal dysfunction,

and other cardiovascular risk factors. In addition, left atrial appendage

(LAA) occlusion should be considered in combination with valve sur-

gery in patients with AF and a CHA2DS2VASc score >_2 to reduce

the thromboembolic risk.80�82 The selected surgical technique

should ensure complete occlusion of the LAA. For patients with AF

and risk factors for stroke, long-term oral anticoagulation (OAC) is

currently recommended, irrespective of the use of surgical ablation

of AF and/or surgical LAA occlusion.

Recommendations for the management of AF in native VHD are

summarized in the following table. The recommendations concerning

patients with valve prostheses, and the combination of anticoagulants

and antiplatelet agents in patients undergoing PCI, are described in

section 11 (section 11.3.2.2 and related table of recommendations

for perioperative and postoperative antithrombotic management of

valve replacement or repair).

3.7 Endocarditis prophylaxis
Antibiotic prophylaxis should be considered for high-risk procedures

in patients with prosthetic valves, including transcatheter valves, or

with repairs using prosthetic material, and in patients with previous

episode(s) of infective endocarditis.4 Particular attention to dental

and cutaneous hygiene and strict aseptic measures during any invasive

procedure are advised in this population. Antibiotic prophylaxis

should be considered in dental procedures involving manipulation of

the gingival or periapical region of the teeth or manipulation of the

oral mucosa.4

Coronary angiography is recommended in the

evaluation of severe SMR.
I C

Coronary CT angiography should be considered

as an alternative to coronary angiography before

valve surgery in patients with severe VHD and

low probability of CAD.d

IIa C

Indications for myocardial revascularization

CABG is recommended in patients with a pri-

mary indication for aortic/mitral/tricuspid valve

surgery and coronary artery diameter stenosis

>_70%.e,f

I C

CABG should be considered in patients with a

primary indication for aortic/mitral/tricuspid

valve surgery and coronary artery diameter

stenosis >_50�70%.

IIa C

PCI should be considered in patients with a pri-

mary indication to undergo TAVI and coronary

artery diameter stenosis >70% in proximal

segments.

IIa C

PCI should be considered in patients with a pri-

mary indication to undergo transcatheter mitral

valve intervention and coronary artery diameter

stenosis >70% in proximal segments.

IIa C

CABG= coronary artery bypass grafting; CAD= coronary artery disease;

CT= computed tomography; LV = left ventricle/left ventricular;

PCI = percutaneous coronary intervention; SMR= secondary mitral regurgitation;

TAVI = transcatheter aortic valve implantation; VHD= valvular heart disease.
aClass of recommendation.
bLevel of evidence.
cChest pain, abnormal non-invasive testing.
dCoronary CT angiography may also be used in patients requiring emergency sur-

gery with acute infective endocarditis with large vegetations protruding in front

of a coronary ostium.
eStenosis >_50% can be considered for left main stenosis.
fFFR <_0.8 is a useful cut-off indicating the need for an intervention in patients

with mitral or tricuspid diseases, but has not been validated in patients with aortic

stenosis.

Adapted from45,72

Recommendations on management of atrial fibrillation
in patients with native VHD

Recommendations Classa Levelb

Anticoagulation

For stroke prevention in AF patients who are eli-

gible for OAC, NOACs are recommended in

preference to VKAs in patients with aortic

stenosis, aortic and mitral

regurgitation.75�78,83,84

I A

The use of NOACs is not recommended in

patients with AF and moderate to severe mitral

stenosis.

III C

Surgical interventions

Concomitant AF ablation should be considered

in patients undergoing valve surgery, balancing

the benefits of freedom from atrial arrhythmias

and the risk factors for recurrence (LA dilata-

tion, years in AF, age, renal dysfunction, and

other cardiovascular risk factors).79,85�90

IIa A

LAA occlusion should be considered to reduce

the thromboembolic risk in patients, with

AF and a CHA2DS2VASc score >_2 undergoing

valve surgery.82

IIa B

AF= atrial fibrillation; LA= left atrium/left atrial; LAA= left atrial appendage;

NOAC=non-vitamin K antagonist oral anticoagulant; OAC=oral anticoagula-

tion; VKA= vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
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3.8 Prophylaxis for rheumatic fever
Prevention of rheumatic heart disease should preferably target the first

attack of acute rheumatic fever. Antibiotic treatment of group A Strep-

tococcus infection throat is key in primary prevention. Echocardio-

graphic screening in combination with secondary antibiotic prophylaxis

in children with evidence of latent rheumatic heart disease is currently

investigated to reduce its prevalence in endemic regions.91 In patients

with established rheumatic heart disease, secondary long-term prophy-

laxis against rheumatic fever is recommended: benzathine benzyl peni-

cillin 1.2 MUI every 3 to 4 weeks over 10 years. Lifelong prophylaxis

should be considered in high-risk patients according to the severity of

VHD and exposure to group A Streptococcus.92�95

4 Aortic regurgitation

Aortic regurgitation can be caused by primary disease of the aortic

valve cusps and/or abnormalities of the aortic root and ascending aortic

geometry. Degenerative tricuspid and bicuspid aortic regurgitation are

the most common aetiologies in high-income countries, accounting for

approximately two-thirds of the underlying aetiology of aortic regurgi-

tation in the EURObservational Registry Programme Valvular Heart

Disease II registry.1Other causes include infective and rheumatic endo-

carditis. Acute severe aortic regurgitation is mostly caused by infective

endocarditis, and less frequently by aortic dissection.

4.1 Evaluation
4.1.1 Echocardiography

Echocardiography is the key examination used to describe valve anat-

omy, quantify aortic regurgitation, evaluate its mechanisms, define

the morphology of the aorta, and determine the feasibility of valve-

sparing aortic surgery or valve repair.96,97 Identification of the mecha-

nism follows the same principle such as for mitral regurgitation:

normal cusps but insufficient coaptation due to dilatation of the aortic

root with central jet (type 1), cusp prolapse with eccentric jet (type

2), or retraction with poor cusp tissue quality and large central or

eccentric jet (type 3).96 Quantification of aortic regurgitation follows

an integrated approach considering qualitative, semi-quantitative, and

quantitative parameters24,98 (Table 5). New parameters obtained by

3D echocardiography and two-dimensional (2D) strain imaging as LV

global longitudinal strain may be useful, particularly in patients with

borderline LVEF where they may help in the decision for surgery.99

Measurement of the aortic root and ascending aorta in 2D is

performed at four levels: annulus, sinuses of Valsalva, sinotubular

junction, and tubular ascending aorta.100,101 Measurements are per-

formed in the parasternal long-axis view from leading edge to leading

edge at end diastole, except for the aortic annulus, which is measured

in mid systole. As it will have surgical consequences, it is important to

differentiate three phenotypes of the ascending aorta: aortic root

aneurysms (sinuses of Valsalva >45 mm), tubular ascending aneurysm

(sinuses of Valsalva <40�45 mm), and isolated aortic regurgitation

(all aortic diameters <40 mm). The calculation of indexed values to

account for body size has been suggested,102 in particular in patients

with small stature. Anatomy of the aortic valve cusps and its suitability

for valve repair should be provided by preoperative TOE if aortic

valve repair or a valve-sparing surgery of the aortic root is

considered. Intraoperative evaluation of the surgical result by TOE is

mandatory in patients undergoing aortic valve preservation or repair.

4.1.2 Computed tomography and cardiac magnetic

resonance

CMR should be used to quantify the regurgitant fraction when echo-

cardiographic measurements are equivocal or discordant with clinical

findings. In patients with aortic dilatation, CCT is recommended to

assess the maximum diameter at four levels, as in echocardiography.

CMR can be used for follow-up, but indication for surgery should

preferably be based on CCT measurements. Different methods of

aortic measurements have been reported. To improve reproducibil-

ity, it is recommended to measure diameters using the inner-inner-

edge technique at end diastole on the strictly transverse plane by

double oblique reconstruction perpendicular to the axis of blood

flow of the corresponding segment. Maximum root diameter should

be taken from sinus-to-sinus diameter rather than sinus-to-

commissure diameter, as it correlates more closely to long-axis lead-

ing-edge-to-leading-edge echo maximum diameters.103,104

4.2 Indications for intervention
Acute aortic regurgitation may require urgent surgery. It is mainly

caused by infective endocarditis and aortic dissection but may also

occur after blunt chest trauma and iatrogenic complications during

catheter-based cardiac interventions. Specific guidelines deal with

Table 5 Echocardiographic criteria for the definition of
severe aortic valve regurgitation

Qualitative

Valve morphology Abnormal/flail/large coaptation

defect

Colour flow regurgitant jet areaa Large in central jets, variable in

eccentric jets

CW signal of regurgitant jet Dense

Other Holodiastolic flow reversal in

descending aorta (EDV >20 cm/s)

Semiquantitative

Vena contracta width (mm) >6

Pressure half-timeb (ms) <200

Quantitative

EROA (mm2) >_30

Regurgitant volume (mL/beat) >_60

Enlargement of cardiac

chambers

LV dilatation

CW=continuous wave; EDV= end-diastolic velocity; EROA=effective regurgi-

tant orifice area; LV = left ventricle/left ventricular.
aAt a Nyquist limit of 50�60 cm/s.
bPressure half-time is shortened with increasing LV diastolic pressure, vasodilator

therapy, and in patients with a dilated compliant aorta, or lengthened in chronic

aortic regurgitation.

Adapted from Lancellotti P et al. Recommendations for the echocardiographic

assessment of native valvular regurgitation: an executive summary from the

European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging

2013;14:611�644. Copyright (2013) by permission of Oxford University Press

on behalf of the European Society of Cardiology.
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these entities.4,101 The recommendations on indications for surgery

in severe aortic regurgitation and aortic root disease may be related

to symptoms, status of the LV, or dilatation of the aorta [see table of

recommendations on indications for surgery in severe aortic regurgi-

tation and aortic root or tubular ascending aortic aneurysm (irre-

spective of the severity of aortic regurgitation), and Figure 2].

In symptomatic patients, surgery is recommended irrespective of

the LVEF as long as aortic regurgitation is severe and the operative

risk is not prohibitive.105�109 Surgery is recommended in sympto-

matic and asymptomatic patients with severe aortic regurgitation

undergoing coronary artery bypass grafting (CABG), or surgery of

the ascending aorta or another valve.110,111 In asymptomatic patients

with severe aortic regurgitation, impairment of LV function [LVEF

<_50% or left ventricular end-systolic diameter (LVESD) >50mm] are

associated with worse outcomes and surgery should therefore be

pursued when these cut-offs are reached.107,108,112�114 LVESD should

be related to body surface area (BSA) and a cut-off of 25 mm/m2 BSA

appeared to be more appropriate, especially in patients with small

body size (BSA <1.68 m2) or with large BSA who are not over-

weight.108,115 Some recent retrospective, non-randomized studies

emphasized the role of indexed LVESD and proposed a lower cut-off

value of 20 or 22 mm/m2 BSA for the indexed LVESD.116�118One of

these studies also suggests a higher cut-off value of 55% for LVEF.118

Based on these data, low-risk surgery may be discussed in some

selected asymptomatic patients with LVESD >20 mm/m2 or resting

LVEF between 50% and 55%. In patients not reaching the thresholds

for surgery, close follow-up is needed, and exercise testing should be

liberally performed to identify borderline symptomatic patients.

Progressive enlargement of the LV, or a progressive decrease in its

function in asymptomatic patients not reaching the thresholds for

surgery but with significant LV dilatation [left ventricular end-diastolic

diameter (LVEDD) >65 mm], may also be an appropriate indicator

for timing operations in asymptomatic patients.

TAVI may be considered in experienced centres for selected

patients with aortic regurgitation and ineligible for SAVR.119,120

In patients with a dilated aorta, the rationale for surgery has been

best defined in patients with Marfan syndrome and root dila-

tion.121,122 Root aneurysms require root replacement, with or with-

out preservation of the native aortic valve. In contrast, tubular

ascending aortic aneurysms in the presence of normal aortic valves

require only a supracommissural tube graft replacement. In patients

with aortic diameters borderline indicated for aortic surgery, the fam-

ily history, age, and anticipated risk of the procedure should be taken

into consideration. Irrespective of the degree of aortic regurgitation

and type of valve pathology, in patients with an aortic diameter

>_55 mmwith tricuspid or bicuspid aortic valves, ascending aortic sur-

gery is recommended (see recommendations on indications for sur-

gery in severe aortic regurgitation and aortic root disease) when the

operative risk is not prohibitive.123�125 In individuals with bicuspid

aortic valve, when additional risk factors or coarctation126 are

present, surgery should be considered when aortic diameter is

>_50 mm.127�129 In all patients with Marfan syndrome, aortic surgery

is recommended for a maximal aortic diameter >_50 mm.5,121,122

When additional risk factors are present in patients with Marfan syn-

drome and in patients with a TGFBR1 or TGFBR2 mutation (including

Loeys�Dietz syndrome), surgery should be considered at a maximal

aortic diameter >_45 mm121,130 and even earlier (aortic diameter of

The choice of the surgical procedure should be adapted according

to the experience of the team, the presence of an aortic root aneur-

ysm, characteristics of the cusps, life expectancy, and desired anticoa-

gulation status.

Valve replacement is the standard procedure in the majority of

patients with aortic regurgitation. Aortic valve-sparing root replacement

and valve repair yield good long-term results in selected patients, with

low rates of valve-related events as well as good quality of life131�140

when performed in experienced centres. Aortic valve-sparing root

replacement is recommended in younger patients who have an enlarge-

ment of the aortic root with normal cusp motion, when performed by

experienced surgeons.133�136,140 In selected patients, aortic valve

repair132,132,137 or the Ross procedure138,139 may be an alternative to

valve replacement, when performed by experienced surgeons.

Recommendations on indications for surgery in (A)
severe aortic regurgitation and (B) aortic root or tubu-
lar ascending aortic aneurysm (irrespective of the
severity of aortic regurgitation)

Indications for surgery Classa Levelb

A) Severe aortic regurgitation

Surgery is recommended in symptomatic

patients regardless of LV function.105�109
I B

Surgery is recommended in asymptomatic

patients with LVESD >50mm or LVESD

>25mm/m2 BSA (in patients with small body

size) or resting LVEF <_50%.107,108,112,114,115

I B

Surgery may be considered in asymptomatic

patients with LVESD >20mm/m2 BSA (especially

in patients with small body size) or resting LVEF

<_55%, if surgery is at low risk.

IIb C

Surgery is recommended in symptomatic and

asymptomatic patients with severe aortic regur-

gitation undergoing CABG or surgery of the

ascending aorta or of another valve.

I C

Aortic valve repair may be considered in

selected patients at experienced centres when

durable results are expected.

IIb C

B) Aortic root or tubular ascending aortic aneurysmc (irre-

spective of the severity of aortic regurgitation)

Valve-sparing aortic root replacement is recom-

mended in young patients with aortic root dila-

tion, if performed in experienced centres and

durable results are expected.133�136,140

I B

Ascending aortic surgery is recommended in

patients with Marfan syndrome who have aortic

root disease with a maximal ascending aortic

diameter >_50mm.

I C

Continued
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40mm or more) in women with low BSA, TGFBR2 mutation, and

severe extra-aortic features.130 For patients who have an indication

for aortic valve surgery, an aortic diameter ≥45mm is considered

to indicate concomitant surgery of the aortic root or tubular

ascending aorta. The patient’s stature, the aetiology of the valvular

disease (bicuspid valve), and the intraoperative shape and

wall thickness of the ascending aorta should be considered for

individual decisions.
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4.3 Medical therapy
Medical therapy, especially angiotensin-converting enzyme inhibitors

(ACEI) or dihydropiridines, may provide symptomatic improvement

in individuals with chronic severe aortic regurgitation in whom sur-

gery is not feasible. The value of ACEI or dihydropiridine in delaying

surgery in the presence of moderate or severe aortic regurgitation in

asymptomatic patients has not been established and their use is not

recommended for this indication.

In patients who undergo surgery but continue to suffer from heart

failure or hypertension, ACEI, angiotensin receptor blockers (ARBs),

and beta-blockers are useful.141,142

In patients with Marfan syndrome, beta-blockers remain the main-

stay for medical treatment and reducing shear stress and aortic

growth rate and should be considered before and after sur-

gery.143�145 While ARBs did not prove to have a superior effect

when compared to beta-blockers, they may be considered as an

alternative in patients intolerant to beta-blockers.146�148 By analogy,

while there are no studies that provide supporting evidence, it is

common clinical practice to advise beta-blocker or ARBs in patients

with bicuspid aortic valve if the aortic root and/or ascending aorta is

dilated. Management of aortic regurgitation during pregnancy is dis-

cussed in section 13.

4.4 Serial testing
All asymptomatic patients with severe aortic regurgitation and nor-

mal LV function should be followed up at least every year. In patients

with either a first diagnosis or with LV diameter and/or ejection frac-

tion showing significant changes or approaching thresholds for

Ascending aortic surgery should be considered

in patients who have aortic root disease with

maximal ascending aortic diameter:

• >_55mm in all patients.

• >_45mm in the presence of Marfan syndrome

and additional risk factorsd or patients with a

TGFBR1 or TGFBR2 mutation (including

Loeys�Dietz syndrome).e

• >_50mm in the presence of a bicuspid valve

with additional risk factorsd or coarctation.

IIa C

When surgery is primarily indicated for the

aortic valve, replacement of the aortic root or

tubular ascending aorta should be considered

when >_45mm.f

IIa C

BSA= body surface area; CABG= coronary artery bypass grafting; CCT= cardiac

computed tomography; CMR= cardiac magnetic resonance; ECG=electrocardio-

gram; LV= left ventricle/left ventricular; LVEF= left ventricular ejection fraction;

LVESD= left ventricular end-systolic diameter.
aClass of recommendation.
bLevel of evidence.
cFor clinical decision making, dimensions of the aorta should be confirmed by

ECG-gated CCT.
dFamily history of aortic dissection (or personal history of spontaneous vascular

dissection), severe aortic or mitral regurgitation, desire for pregnancy, uncon-

trolled systemic arterial hypertension and/or aortic size increase >3mm/year

(using serial echocardiography or CMR measurements at the same level of the

aorta confirmed by ECG-gated CCT).

fConsidering age, BSA, aetiology of the valvular disease, presence of a bicuspid

aortic valve, and intraoperative shape and thickness of the ascending aorta.

Management of patients with aortic regurgitation

Significant enlargement of ascending aortaa

Follow-up Surgeryb

LVEF ≤ 50% or

LVESD > 50 mm

(or > 25 mm/m2 BSA)

N

N

Y

Y

Severe aortic regurgitationN

N

Y

Symptoms Y

Figure 2 Management of patients with aortic regurgitation. BSA= body surface area; LV= left ventricle/left ventricular; LVESD= left ventricle end-sys-

tolic diameter; LVEF= left ventricular ejection fraction. aSee recommendations on indications for surgery in severe aortic regurgitation and aortic root dis-

ease for definition. bSurgery should also be considered if significant changes in LV or aortic size occur during follow-up.

E
S
C

/E
A

C
T

S
 2

0
2
1

ESC/EACTS Guidelines580

eA lower threshold of 40 mmmay be considered in women with low BSA, TGFBR2

mutation and severe extra-aortic features.130

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rh

e
a
rtj/a

rtic
le

/4
3
/7

/5
6
1
/6

3
5
8
4
7
0
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

surgery, follow-up should be continued at 3�6-month intervals.

Surgery may be considered in asymptomatic patients with significant

LV dilatation (LVEDD>65mm), and with progressive enlargement in

the size of LV or progressive decrease of LVEF during follow-up.

Patient’s BNP levels could be of potential interest as a predictor of

outcomes (particularly symptom onset and deterioration of LV func-

tion) and may be helpful in the follow-up of asymptomatic patients.149

Patients with mild-to-moderate aortic regurgitation can be seen on a

yearly basis and echocardiography performed every 2 years.

If the ascending aorta is dilated (>40 mm), it is recommended to

systematically perform CCT or CMR. Follow-up assessment of the

aortic dimension should be performed using echocardiography and/

or CMR. Any increase >3 mm should be validated by CCT angiogra-

phy/CMR and compared with baseline data. After repair of the

ascending aorta, Marfan patients remain at risk for dissection of the

residual aorta and lifelong regular multidisciplinary follow-up at an

expert centre is required.

4.5 Special patient populations
If aortic regurgitation requiring surgery is associated with severe pri-

mary and secondary mitral regurgitation, both should be treated dur-

ing the same operation.

In patients with moderate aortic regurgitation who undergo

CABG or mitral valve surgery, the decision to treat the aortic valve is

controversial, as data show that progression of moderate aortic

regurgitation is very slow in patients without aortic dilation.150 The

Heart Team should decide based on the aetiology of aortic regurgita-

tion, other clinical factors, the life expectancy of the patient, and the

patient’s operative risk.

The level of physical and sports activity in the presence of a dilated

aorta remains a matter of clinical judgment in the absence of evi-

dence. Current guidelines are very restrictive, particularly regarding

isometric exercise, to avoid a catastrophic event.151 This approach is

justified in the presence of connective tissue disease, but a more lib-

eral approach is likely to be appropriate in other patients.

Given the familial risk of thoracic aortic aneurysms, screening and

referral for genetic testing of the patient’s first-degree relatives with

appropriate imaging studies is indicated in patients with connective

tissue disease. For patients with bicuspid valves, it is appropriate to

have an echocardiographic screening of first-degree relatives.

5 Aortic stenosis

Aortic stenosis is the most common primary valve lesion requiring

surgery or transcatheter intervention in Europe1 and North America.

Its prevalence is rising rapidly as a consequence of the ageing

population.2,152

5.1 Evaluation
5.1.1 Echocardiography

Echocardiography is key to confirming the diagnosis and severity of

aortic stenosis, assessing valve calcification, LV function and wall

thickness, detecting other valve disease or aortic pathology, and pro-

viding prognostic information.43,153,154 Assessment should be under-

taken when blood pressure (BP) is well controlled to avoid the

confounding flow effects of increased afterload. New

echocardiographic parameters, stress imaging and CCT

provide important adjunctive information when severity is uncertain

(Figure 3).

Current international recommendations for the echocardio-

graphic evaluation of patients with aortic stenosis25 depend upon

measurement of mean pressure gradient (the most robust parame-

ter), peak transvalvular velocity (Vmax), and valve area. Although valve

area is the theoretically ideal measurement for assessing severity,

there are numerous technical limitations. Clinical decision making in

discordant cases should therefore take account of additional parame-

ters: functional status, stroke volume, Doppler velocity index,156

degree of valve calcification, LV function, the presence or absence of

LV hypertrophy, flow conditions, and the adequacy of BP control.25

Low flow is arbitrarily defined by a stroke volume index (SVi) <_35

mL/m2—a threshold that is under current debate.155,157,158 The use

of sex -specific thresholds has been recently proposed.159 Four broad

categories can be defined:

• High-gradient aortic stenosis [mean gradient >_40 mmHg, peak

velocity >_4.0 m/s, valve area <_1 cm2 (or <_0.6 cm2/m2)]. Severe

aortic stenosis can be assumed irrespective of LV function and

flow conditions.

• Low-flow, low-gradient aortic stenosis with reduced ejection

fraction (mean gradient <40 mmHg, valve area <_1 cm2, LVEF

<50%, SVi <_35 mL/m2). Low-dose dobutamine stress echocar-

diography (DSE) is recommended to distinguish between true

severe and pseudo-severe aortic stenosis (increase in valve area

to >1.0 cm2 with increased flow) and identify patients with no

flow (or contractile) reserve.160 However, utility in elderly

patients has only been evaluated in small registries.161

• Low-flow, low-gradient aortic stenosis with preserved ejection

fraction (mean gradient <40 mmHg, valve area <_1 cm2, LVEF

>_50%, SVi <_35 mL/m2). Typically encountered in hypertensive

elderly subjects with small LV size and marked hypertro-

phy.157,162 This scenario may also result from conditions associ-

ated with low stroke volume (e.g. moderate/severe mitral

regurgitation, severe tricuspid regurgitation, severe mitral steno-

sis, and large ventricular septal defect and severe RV dysfunction).

Diagnosis of severe aortic stenosis is challenging and requires

careful exclusion of measurement errors and other explanations

for the echocardiographic findings,25 as well as the presence or

absence of typical symptoms (with no other explanation), LV

hypertrophy (in the absence of coexistent hypertension) or

reduced LV longitudinal strain (with no other cause). CCT

assessment of the degree of valve calcification provides impor-

tant additional information [thresholds (Agatston units) for

severe aortic stenosis: men >3000, women >1600= highly likely;

men >2000, women >1200= likely; men <1600, women

<800= unlikely].35,36,163,164

• Normal-flow, low-gradient aortic stenosis with preserved ejec-

tion fraction (mean gradient <40 mmHg, valve area <_1 cm2,

LVEF>_50%, SVi >35 mL/m2). These patients usually have only

moderate aortic stenosis.36,165�167

5.1.2 Additional diagnostic and prognostic parameters

The resting Doppler velocity index (DVI, also termed ‘dimensionless

index’)—the ratio of the left ventricular outflow tract (LVOT) time-

ESC/EACTS Guidelines 581

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rh

e
a
rtj/a

rtic
le

/4
3
/7

/5
6
1
/6

3
5
8
4
7
0
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



Valve morphology by echocardiography suspicious of AS

AVA ≤ 1.0 cm2

Reassess under

normal

flow conditions

N

N

Y

CCT to assess

AV calcificationePseudo-severe ASd Severe ASSevere AS

Assess

velocity/gradient

Low-gradient AS

Vmax < 4 m/s,

ΔPm < 40 mmHg

High-gradient AS

Vmax ≥ 4 m/s,

ΔPm ≥ 40 mmHg

High flow statusaModerate AS

NY

High flow status

reversible

Check blood pressure and exclude measurement errors

that may cause underestimation of gradient, flow or AVA

Y

Define flow statusa

Low flow

SVi ≤ 35 mL/m2

Normal flow

SVi > 35 mL/m2

Severe AS unlikely

LVEF ≥ 50%

Y

DSE flow reservec

N

AVA ≤ 1.0 cm2

Y

Y Integrated approachb

N

N

Figure 3 Integrated imaging assessment of aortic stenosis. AS= aortic stenosis; AV= aortic valve; AVA= aortic valve area; CT= computed tomography;

DPm=mean pressure gradient; DSE= dobutamine stress echocardiography; LV= left ventricle/left ventricular; LVEF= left ventricular ejection fraction;

SVi = stroke volume index; Vmax=peak transvalvular velocity. aHigh flowmay be reversible in patients with anaemia, hyperthyroidism or arterio-venous fis-

tulae, and may also be present in patients with hypertrophic obstructive cardiomyopathy. Upper limit of normal flow using pulsed Doppler echocardiogra-

phy: cardiac index 4.1 L/min/m2 in men and women, SVi 54 mL/m2 in men, 51 mL/m2 in women).155 bConsider also: typical symptoms (with no other

explanation), LV hypertrophy (in the absence of coexistent hypertension) or reduced LV longitudinal function (with no other cause). cDSE flow

reserve=>20% increase in stroke volume in response to low-dose dobutamine. dPseudo-severe aortic stenosis=AVA >1.0 cm2 with increased flow.
eThresholds for severe aortic stenosis assessed by means of CT measurement of aortic valve calcification (Agatston units): men >3000, women

>1600= highly likely; men >2000, women >1200= likely; men <1600, women <800= unlikely.
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velocity integral (TVI) to that of the aortic valve jet—does not

require calculation of LVOT area and may assist evaluation when

other parameters are equivocal (a value <0.25 suggests that severe

aortic stenosis is highly likely).156 Assessment of global longitudinal

strain provides additional information concerning LV function and a

threshold of 15% may help to identify patients with severe asympto-

matic aortic stenosis who are at higher risk of clinical deterioration

or premature mortality.26,168 TOE allows evaluation of concomitant

mitral valve disease and may be of value for periprocedural imaging

during TAVI and SAVR.169

Natriuretic peptides predict symptom-free survival and outcome

in normal and low-flow severe aortic stenosis.170,171 They can be

used to arbitrate the source of symptoms in patients with multiple

potential causes and identify those with high-risk asymptomatic aortic

stenosis whomay benefit from early intervention (section 5.2.2, Table

6 and Figure 3).

Exercise testing may unmask symptoms and is recommended for

risk stratification of asymptomatic patients with severe aortic steno-

sis.172 Exercise echocardiography provides additional prognostic

information by assessing the increase in mean pressure gradient and

change in LV function.173

CCT provides information concerning the anatomy of the aortic

root and ascending aorta, and the extent and distribution of valve and

vascular calcification, and feasibility of vascular access.174

Quantification of valve calcification predicts disease progression and

clinical events164 and may be useful when combined with geometric

assessment of valve area in assessing the severity of aortic stenosis in

patients with low valve gradient.35,36,163,164

Myocardial fibrosis is a major driver of LV decompensation in

aortic stenosis (regardless of the presence or absence of CAD),

which can be detected and quantified using CMR. Amyloidosis is also

frequently associated with aortic stenosis in elderly patients (inci-

dence 9�15%).175 When cardiac amyloidosis is clinically suspected,

based on symptoms (neuropathy and hematologic data), diphospho-

nate scintigraphy and/or CMR should be considered. Both entities

persist following valve intervention and are associated with poor

long-term prognosis.176�179

Coronary angiography is essential prior to TAVI and SAVR to

determine the potential need for concomitant revascularization (see

section 3.2.4.1 and section 5.5). Retrograde LV catheterization is not

recommended unless there are symptoms and signs of severe aortic

stenosis and non-invasive investigations are inconclusive.

5.1.3 TAVI diagnostic workup

Prior to TAVI, CCT is the preferred imaging tool to assess: (i) aortic

valve anatomy, (ii) annular size and shape, (iii) extent and distribution

of valve and vascular calcification, (iv) risk of coronary ostial obstruc-

tion, (v) aortic root dimensions, (vi) optimal fluoroscopic projections

for valve deployment, and (vii) feasibility of vascular access (femoral,

subclavian, axillary, carotid, transcaval or transapical). Adverse ana-

tomical findings may suggest that SAVR is a better treatment option

(Table 6). TOE is more operator-dependent but may be considered

when CCT is difficult to interpret or relatively contraindicated (e.g.

chronic renal failure).

Table 6 Clinical, anatomical and procedural factors that
influence the choice of treatment modality for an individ-
ual patient

Favours Favours

TAVI SAVR

Clinical characteristics

Lower surgical risk 2 1

Higher surgical risk 1 2

Younger agea 2 1

Older agea 1 2

Previous cardiac surgery (particularly intact cor-

onary artery bypass grafts at risk of injury during

repeat sternotomy)

1 2

Severe frailtyb 1 2

Active or suspected endocarditis 2 1

Anatomical and procedural factors

TAVI feasible via transfemoral approach 1 2

Transfemoral access challenging or impossible

and SAVR feasible

Transfemoral access challenging or impossible

and SAVR inadvisable

2

1
c

1

2

Sequelae of chest radiation 1 2

Porcelain aorta 1 2

High likelihood of severe patient�prosthesis

mismatch (AVA <0.65 cm2/m2 BSA)
1 2

Severe chest deformation or scoliosis 1 2

Aortic annular dimensions unsuitable for avail-

able TAVI devices
2 1

Bicuspid aortic valve 2 1

Valve morphology unfavourable for TAVI (e.g.

high risk of coronary obstruction due to low

coronary ostia or heavy leaflet/LVOT

calcification)

2 1

Thrombus in aorta or LV 2 1

Concomitant cardiac conditions requiring intervention

Significant multi-vessel CAD requiring surgical

revascularizationd
2 1

Severe primary mitral valve disease 2 1

Severe tricuspid valve disease 2 1

Significant dilatation/aneurysm of the aortic root

and/or ascending aorta
2 1

Septal hypertrophy requiring myectomy 2 1

AVA= aortic valve area, BSA= body surface area, CAD= coronary artery dis-

ease; ESC= European Society of Cardiology; LV = left ventricle/left ventricular;

LVOT= left ventricular outflow tract; SAVR= surgical aortic valve replacement;

TAVI = transcatheter aortic valve implantation.

Integration of these factors provides guidance for the Heart Team decision (indi-

cations for intervention are provided in the table of recommendations on indica-

tions for intervention in symptomatic and asymptomatic aortic stenosis and

recommended mode of intervention).
aLife expectancy is highly dependent on absolute age and frailty, differs between

men and women, and may be a better guide than age alone. There is wide varia-

tion across Europe and elsewhere in the world (http://ghdx.healthdata.org/

record/ihme-data/gbd-2017-life-tables-1950-2017).
bSevere frailty = >2 factors according to Katz index59 (see section 3.3 for further

discussion).
cVia non-transfemoral approach.
dAccording to the 2019 ESC Guidelines for the diagnosis and management of

chronic coronary syndromes.
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5.2 Indications for intervention (SAVR or
TAVI)
Indications for aortic valve intervention are summarized in the table

of recommendations on indications for intervention in symptomatic

and asymptomatic aortic stenosis and recommended mode of inter-

vention and in Figure 4.

5.2.1 Symptomatic aortic stenosis

Symptomatic severe aortic stenosis has dismal prognosis and early

intervention is strongly recommended in all patients. The only

exceptions are for those in whom intervention is unlikely to improve

quality of life or survival (due to severe comorbidities) or for those

with concomitant conditions associated with survival <1 year (e.g.

malignancy) (section 3).

Intervention is recommended in symptomatic patients with high-

gradient aortic stenosis, regardless of LVEF. However, management

of patients with low-gradient aortic stenosis is more challenging:

• LV function usually improves after intervention in patients with

low-flow, low-gradient aortic stenosis, when reduced ejection

fraction is predominantly caused by excessive afterload.32,180

Management of patients with severe aortic stenosisa 

Symptoms Y

N

LVEF < 50%

Intervention likely to be

of benefitb (after assessment of

comorbidity and frailty)

Physically active

Exercise test

Symptoms or sustained fall

in BP below baseline

Indicators of adverse

prognosisd and

low procedural risk
Heart Team evaluationc

Educate patient and

reassess in 6 months

(or as soon as possible

if symptoms occur)

Medical therapy

N

Y Y N

N

N

N

Y

Y

Y

Patients < 75 years at

low-risk for SAVR

(STS-PROM/

EuroSCORE II < 4%)e

OR

Unsuitable for TF TAVI

and operable

All other patients

Patients ≥ 75 years

OR

Unsuitable/High risk 

for SAVR (STS-PROM/

EuroSCORE II > 8%)e

AND

Suitable for TF TAVI

SAVRf

SAVRf

or 

TAVIf
TAVIf

Figure 4 Management of patients with severe aortic stenosis. BP= blood pressure; EuroSCORE= European System for Cardiac Operative Risk

Evaluation; LVEF= left ventricular ejection fraction; SAVR= surgical aortic valve replacement; STS-PROM=Society of Thoracic Surgeons � predicted risk

of mortality; TAVI = transcatheter aortic valve implantation; TF= transfemoral. aSee Figure 3: Integrated imaging assessment of aortic stenosis. bProhibitive

risk is defined in Supplementary Table 5. cHeart Team assessment based upon careful evaluation of clinical, anatomical, and procedural factors (see Table 6

and table on Recommendations on indications for intervention in symptomatic and asymptomatic aortic stenosis and recommended mode of interven-

tion). The Heart Team recommendation should be discussed with the patient who can then make an informed treatment choice. dAdverse features

according to clinical, imaging (echocardiography/CT), and/or biomarker assessment. eSTS-PROM: http://riskcalc.sts.org/stswebriskcalc/#/calculate,

EuroSCORE II: http://www.euroscore.org/calc.html. fIf suitable for procedure according to clinical, anatomical, and procedural factors (Table 6).
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Conversely, improvement is uncertain if the primary cause of

reduced ejection fraction is scarring due to myocardial infarction

or cardiomyopathy. Intervention is recommended when severe

aortic stenosis is confirmed by stress echocardiography (true

severe aortic stenosis; Figure 3),32 while patients with pseudo-

severe aortic stenosis should receive conventional heart failure

treatment.142,181 The presence or absence of flow reserve

(increase in stroke volume >_20%) does not appear to influence

prognosis in contemporary series of patients undergoing TAVI or

SAVR,182�184 and although those with no flow reserve show

increased procedural mortality, both modes of intervention

improve ejection fraction and clinical outcomes.32,180,182

Decision making for such patients should take account of comor-

bidities, degree of valve calcification, extent of CAD, and feasibil-

ity of revascularization.

• Data concerning the natural history of low-flow, low-gradient

aortic stenosis and preserved ejection fraction, and outcomes

after SAVR and TAVI remain controversial.162,165,167 Intervention

should only be considered in those with symptoms and significant

valve obstruction (see table of recommendations on indications

for intervention in symptomatic and asymptomatic aortic steno-

sis and recommended mode of intervention and Figure 4).

• The prognosis of patients with normal-flow, low-gradient aortic

stenosis and preserved ejection fraction is similar to that of mod-

erate aortic stenosis—regular clinical and echocardiographic sur-

veillance is recommended.165,166,185

5.2.2 Asymptomatic aortic stenosis

Intervention is recommended in asymptomatic patients with severe

aortic stenosis and impaired LV function of no other cause,9 and

those who are asymptomatic during normal activities but develop

symptoms during exercise testing.172,186 Management of asympto-

matic severe aortic stenosis is otherwise controversial and the deci-

sion to intervene requires careful assessment of the benefits and risks

in an individual patient.

In the absence of adverse prognostic features, watchful waiting has

generally been recommended with prompt intervention at symptom

onset.187 Data from a single RCT have shown significant reduction in

the primary endpoint (death during or within 30 days of surgery or

cardiovascular death during the entire follow-up period) following

early SAVR compared with conservative management [1% vs. 15%;

hazard ratio 0.09; 95% confidence interval (CI), 0.01�0.67;

P=0.003].188 However, subjects were selected per inclusion criteria

(median age 64 years, minimal comorbidities, low operative risk) and

follow-up in the conservative group was limited. Further randomized

trials [EARLY TAVR (NCT03042104), AVATAR (NCT02436655),

EASY-AS (NCT04204915), EVOLVED (NCT03094143)] will help

determine future recommendations.

Predictors of symptom development and adverse outcomes in

asymptomatic patients include clinical characteristics (older age, athe-

rosclerotic risk factors), echocardiographic parameters (valve calcifi-

cation, peak jet velocity189,190), LVEF, rate of haemodynamic

progression,189 increase in mean gradient >20 mmHg with exer-

cise,172 severe LV hypertrophy,191 indexed stroke volume,158 LA

volume,192 LV global longitudinal strain,26,168,193 and abnormal bio-

marker levels (natriuretic peptides, troponin, and fetuin-

A).170,171,194,195 Early intervention may be considered in asympto-

matic patients with severe aortic stenosis and one or more of these

predictors if procedural risk is low (although application of TAVI in

this setting has yet to be formally evaluated) (Table 6 and Figure 4).

Otherwise, watchful waiting is a safer and more appropriate strategy.

5.2.3 The mode of intervention

Use of SAVR and TAVI as complementary treatment options has

allowed a substantial increase in the overall number of patients with

aortic stenosis undergoing surgical or transcatheter intervention in

the past decade.196 RCTs have assessed the two modes of interven-

tion across the spectrum of surgical risk in predominantly elderly

patients and a detailed appraisal of the evidence base is provided in

Supplementary Section 5. In brief, these trials used surgical risk scores

to govern patient selection and demonstrate that TAVI is superior to

medical therapy in extreme-risk patients,197 and non-inferior to

SAVR in high-198�201 and intermediate-risk patients at follow-up

extending to 5 years.202�208 The more recent PARTNER 3 and

Evolut Low Risk trials demonstrate that TAVI is non-inferior to

SAVR in low-risk patients at 2-year follow-up.209�212 Importantly,

patients in the low-risk trials were predominantly male and relatively

elderly (e.g. PARTNER 3: mean age 73.4 years, <70 years 24%,

70�75 years 36%, >75 years 40%, >80 years 13%) whilst those with

low-flow aortic stenosis or adverse anatomical characteristics for

either procedure (including bicuspid aortic valves or complex coro-

nary disease) were excluded.

Rates of vascular complications, pacemaker implantation, and para-

valvular regurgitation are consistently higher after TAVI, whereas

severe bleeding, acute kidney injury, and new-onset AF are more fre-

quent after SAVR. Although the likelihood of paravalvular regurgita-

tion has been reduced with newer transcatheter heart valve designs,

pacemaker implantation (and new-onset left bundle branch block)

may have long-term consequences213�215 and further refinements

are required. Most patients undergoing TAVI have a swift recovery,

short hospital stay, and rapidly return to normal activities.216,217

Despite these benefits, there is wide variation in worldwide access to

the procedure as a result of high device costs and differing levels of

healthcare resources.71,218,219

The Task Force has attempted to address the gaps in evidence

and provide recommendations concerning the indications for

intervention and mode of treatment (Recommendations on indi-

cations for intervention in symptomatic and asymptomatic aortic

stenosis and recommended mode of intervention, Figure 4) that

are guided by the RCT findings and compatible with real-world

Heart Team decision making for individual patients (many of

whom fall outside the RCT inclusion criteria). Aortic stenosis is a

heterogeneous condition and selection of the most appropriate

mode of intervention should be carefully considered by the Heart

Team for all patients, accounting for individual age and estimated

life expectancy, comorbidities (including frailty and overall quality

of life, section 3), anatomical and procedural characteristics (Table

6), the relative risks of SAVR and TAVI and their long-term out-

comes, prosthetic heart valve durability, feasibility of transfemoral

TAVI, and local experience and outcome data. These factors

should be discussed with the patient and their family to allow

informed treatment choice.
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The interplay between estimated life expectancy and prosthetic

heart valve durability is a key consideration in these discussions. Age

is a surrogate for life expectancy but had no impact on the outcomes

of the low-risk RCTs at 1�2 year follow-up. Life expectancy varies

widely across the world and is highly dependent on absolute age, sex,

frailty, and the presence of comorbidities (http://ghdx.healthdata.org/

record/ihme-data/gbd-2017-life-tables-1950-2017); it may be a better

guide than age alone but is difficult to determine in individual patients.

Recommendations on indications for interventiona in
symptomatic (A) and asymptomatic (B) aortic stenosis
and recommended mode of intervention (C)

A) Symptomatic aortic stenosis Classb Levelc

Intervention is recommended in symptomatic

patients with severe, high-gradient aortic steno-

sis [mean gradient >_40mmHg, peak velocity

>_4.0m/s, and valve area <_1.0 cm2 (or <_0.6 cm2/

m2)].235,236

I B

Intervention is recommended in symptomatic

patients with severe low-flow (SVi <_35 mL/m2),

low-gradient (<40mmHg) aortic stenosis with

reduced ejection fraction (<50%), and evidence

of flow (contractile) reserve.32,237

I B

Intervention should be considered in sympto-

matic patients with low-flow, low-gradient

(<40mmHg) aortic stenosis with normal ejec-

tion fraction after careful confirmation that the

aortic stenosis is severed (Figure 3).

IIa C

Intervention should be considered in sympto-

matic patients with low-flow, low-gradient

severe aortic stenosis and reduced ejection frac-

tion without flow (contractile) reserve, particu-

larly when CCT calcium scoring confirms severe

aortic stenosis.

IIa C

Intervention is not recommended in patients

with severe comorbidities when the intervention

is unlikely to improve quality of life or prolong

survival >1 year.

III C

B) Asymptomatic patients with severe aortic stenosis

Intervention is recommended in asymptomatic

patients with severe aortic stenosis and systolic

LV dysfunction (LVEF <50%) without another

cause.9,238,239

I B

Intervention is recommended in asymptomatic

patients with severe aortic stenosis and demon-

strable symptoms on exercise testing.

I C

Intervention should be considered in asympto-

matic patients with severe aortic stenosis and

systolic LV dysfunction (LVEF <55%) without

another cause.9,240,241

IIa B

Intervention should be considered in asympto-

matic patients with severe aortic stenosis and a

sustained fall in BP (>20 mmHg) during exercise

testing.

IIa C
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Intervention should be considered in asympto-

matic 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 aortic stenosis (mean gradient

>_60 mmHg or Vmax >5m/s).9,242

• Severe valve calcification (ideally assessed by

CCT) and Vmax progression >_0.3m/s/

year.164,189,243

• Markedly elevated BNP levels (>3� age- and

sex-corrected normal range) confirmed by

repeated measurements and without other

explanation.163,171

IIa B

C) Mode of intervention

Aortic valve interventions must be performed in

Heart Valve Centres that declare their local

expertise and outcomes data, have active inter-

ventional cardiology and cardiac surgical pro-

grammes on site, and a structured collaborative

Heart Team approach.

I C

The choice between surgical and transcatheter

intervention must be based upon careful evalua-

tion of clinical, anatomical, and procedural fac-

tors 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.

I C

SAVR is recommended in younger patients who

are low risk for surgery (<75 yearse and STS-

PROM/EuroSCORE II <4%)e,f, or in patients

who are operable and unsuitable for transfe-

moral TAVI.244

I B

TAVI is recommended in older patients (>_75

years), or in those who are high risk (STS-

PROM/EuroSCORE IIf >8%) or unsuitable for

surgery.197�206,245

I A

SAVR or TAVI are recommended for remaining

patients according to individual clinical,

anatomical, and procedural character-

istics.202�205,207,209,210,212 f,g

I B

Non-transfemoral TAVI may be considered in

patients who are inoperable and unsuitable for

transfemoral TAVI.

IIb C

Balloon aortic valvotomy may be considered as a

bridge to SAVR or TAVI in haemodynamically

unstable patients and (if feasible) in those with

severe aortic stenosis who require urgent high-

risk NCS (Figure 11).

IIb C

D) Concomitant aortic valve surgery at the time of other car-

diac/ascending aorta surgery

SAVR is recommended in patients with severe

aortic stenosis undergoing CABG or surgical

intervention on the ascending aorta or another

valve.

I C

Continued
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Although some (now abandoned) surgical bioprosthetic designs

have failed early, the durability of contemporary surgical biopros-

thetic valves beyond 10 years is well established.220 Conversely,

registry data provide some reassurance concerning the long-term

durability of TAVI devices up to 8 years but largely relate to older

high-/intermediate-risk patients,221�224 whereas information con-

cerning durability in low-risk patients is currently limited to 2-year

follow-up. Data comparing the durability of transcatheter heart

valves and surgical bioprostheses directly remain limited. Rates of

aortic valve re-intervention were higher after TAVI using a

balloon-expandable valve compared to SAVR at 5-year follow-up

in the PARTNER 2A trial (3.2% vs. 0.8%; hazard ratio, 3.3; 95% CI,

1.3�8.1),206 whereas rates of structural valve deterioration

(SVD) were not statistically different following SAVR and TAVI

using the third generation SAPIEN 3 device in a parallel observa-

tional registry over the same time frame.225

Valve-in-valve TAVI is an established treatment option for sur-

gical bioprosthetic valve deterioration but may not be appropriate

or feasible in all patients due to the increased likelihood of PPM in

patients with a small aortic root (or undersized original prosthe-

sis), incompatible surgical valve designs associated with increased

risk of coronary occlusion, or difficult vascular access; re-do SAVR

should also be considered in these settings.226�228 Favourable

short-term outcomes of redo-TAVI have been demonstrated in

selected older patients with transcatheter heart valve deteriora-

tion,229 despite theoretical concerns relating to maintained coro-

nary access.230

A bicuspid aortic valve is more frequent in younger patients with

aortic stenosis. While several registries have reported excellent out-

comes of TAVI in patients with a bicuspid valve who were unsuitable

for surgery,231�233 SAVR remains more appropriate in patients with

aortic stenosis affecting a bicuspid valve and in those with associated

disease (e.g. aortic root dilatation, complex coronary disease, or

severe mitral regurgitation) requiring a surgical approach.

In summary, prosthetic heart valve durability is a key consideration

in younger patients (<75 years) at low surgical risk and SAVR (if feasi-

ble) is therefore the preferred treatment option. Conversely, durabil-

ity is a lower priority in older patients (>_75 years), or those who are

inoperable or high risk for surgery, and TAVI is preferred in these

groups (particularly if feasible via transfemoral approach). The Heart

Team should make tailored recommendations for remaining patients

based upon their individual characteristics (Table 6). This guidance

should be re-addressed when further data concerning the long-term

durability of TAVI become available.

Balloon aortic valvuloplasty (BAV) may be considered as a bridge

to TAVI or SAVR in patients with decompensated aortic stenosis and

(when feasible) in those with severe aortic stenosis who require

urgent high-risk non-cardiac surgery (NCS) (section 12). The proce-

dure carries significant risk of complications234 and should only be

undertaken after Heart Team discussion.

5.3 Medical therapy
No medical therapies influence the natural history of aortic steno-

sis. Statins (which demonstrated favourable effects in pre-clinical

studies) do not affect disease progression246 and clinical trials tar-

geting calcium metabolic pathways are ongoing. Patients with heart

failure who are unsuitable (or waiting) for SAVR or TAVI should be

medically treated according to ESC heart failure Guidelines.247 ACEI

are safe in aortic stenosis (provided that BP is monitored carefully)

and may have beneficial myocardial effects before the onset of symp-

toms, and after TAVI and SAVR.248�250 Coexisting hypertension

should be treated to avoid additional afterload, although medication

(particularly vasodilators) should be titrated to avoid symptomatic

hypotension.

Antithrombotic therapy after TAVI is discussed in section 11.

5.4 Serial testing
Rate of progression of aortic stenosis varies widely. Asymptomatic

patients, their family and medical carers need careful education, with

emphasis on the importance of regular follow-up (ideally in a Heart

Valve Clinic9) and prompt reporting of symptoms. Those with severe

aortic stenosis should be followed up every 6 months (at least) to

allow earliest symptom detection (using exercise testing if symptoms

are doubtful) and any change in echocardiographic parameters (par-

ticularly LVEF). Measurement of natriuretic peptides may be

considered.

Several studies suggest that the prognosis of moderate degenerative

aortic stenosis is worse than previously considered251�254 (particularly

if there is significant valve calcification) and these patients should be re-

evaluated at least annually. Younger patients with mild aortic stenosis

and no significant calcification may be followed up every 2�3 years.

5.5 Special patient populations
Women with aortic stenosis have higher mortality than men, result-

ing from late diagnosis and initial specialist assessment followed by

less frequent and delayed referral for intervention.255�257 Measures

are needed to improve this situation and ensure that both sexes

receive equivalent care.

CAD and aortic stenosis frequently coexist and the combination

confers higher risk of clinical events, therefore the need to consider

revascularization in conjunction with aortic valve intervention is

SAVR should be considered in patients with

moderate aortic stenosish undergoing CABG or

surgical intervention on the ascending aorta or

another valve after Heart Team discussion.

IIa C

BNP=B-type natriuretic peptide; BP = blood pressure; CABG=coronary artery

bypass grafting; CCT= cardiac computed tomography; EuroSCORE= European

System for Cardiac Operative Risk Evaluation; LV= left ventricle/left ventricular;

LVEF = left ventricular ejection fraction; NCS = non-cardiac surgery;

SAVR= surgical aortic valve replacement; STS-PROM=Society of Thoracic

Surgeons � predicted risk of mortality; SVi = stroke volume index;

TAVI = transcatheter aortic valve implantation; Vmax=peak transvalvular velocity.
aSAVR or TAVI.
bClass of recommendation.
cLevel of evidence.
dExplanations other than severe aortic stenosis for a small valve area but low

gradient despite preserved LVEF are frequent and must be carefully excluded

(Figure 3).
eSTS-PROM: http://riskcalc.sts.org/stswebriskcalc/#/calculate, EuroSCORE II:

http://www.euroscore.org/calc.html.
fIf suitable for surgery (see Table 6).
gIf suitable for transfemoral TAVI (see Table 6).
hModerate aortic stenosis is defined as a valve area of 1.0�1.5 cm2 (or mean

aortic gradient of 25�40mmHg) in normal flow conditions—clinical assessment

is essential to determine whether SAVR is appropriate for an individual patient.
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common. The impact of coronary revascularization in patients with

silent CAD accompanying aortic stenosis is unclear and further stud-

ies are warranted in this context (section 3). Both simultaneous

SAVR and CABG, and SAVR late after CABG, carry a higher proce-

dural risk than isolated SAVR. Nevertheless, retrospective data indi-

cate that patients with moderate aortic stenosis, in whom CABG is

indicated, benefit from concomitant SAVR. Patients aged <70

years with mean gradient progression >_5 mmHg/year benefit from

SAVR at the time of CABG once baseline peak gradient exceeds

30 mmHg.258 Decisions for individual patients should take into

account haemodynamic data, rate of progression, extent of leaflet

calcification, life expectancy, and associated comorbidities, as well as

the individual risk of concomitant SAVR or deferred TAVI.244

Percutaneous coronary intervention (PCI) and TAVI may be

undertaken as combined or staged procedures according to the clini-

cal situation, pattern of CAD, and extent of myocardium at risk.259 In

the SURTAVI trial, there was no significant difference in the primary

endpoint (all-cause mortality or stroke at 2-year follow-up) in

intermediate-risk patients with severe aortic stenosis and non-

complex CAD (SYNTAX score <22) undergoing either TAVI and

PCI or SAVR and CABG [16.0% (95% CI, 11.1�22.9) vs. 14% (95%

CI, 9.2�21.1); P= 0.62].260 Assessing the clinical value of systematic

PCI in TAVI patients with significant associated CAD is the objective

of ongoing RCTs. Patients with severe symptomatic aortic stenosis

and diffuse CAD unsuitable for revascularization should receive opti-

mal medical therapy and undergo SAVR or TAVI according to individ-

ual characteristics.

Severity of mitral regurgitation accompanying severe aortic steno-

sis may be overestimated as a result of elevated LV pressures and

careful quantification is required. In patients with severe primary

mitral regurgitation (PMR), mitral valve surgery is required at the

time of SAVR. In patients with severe SMR, surgery may also be con-

sidered in the presence of significant annular dilatation and marked

LV enlargement. In high-risk or inoperable patients with severe aortic

stenosis and severe mitral regurgitation, combined (or more often

sequential) TAVI and TEER may be feasible, but there is insufficient

experience to allow robust recommendations.261�263 In patients

with severe PMR, TEER should be considered early if the patient

remains symptomatic and mitral regurgitation is still severe after

TAVI. In patients with severe SMR, TAVI should be followed by care-

ful clinical and echocardiographic reassessment to determine

whether further mitral intervention is required.264

Section 4 provides recommendations for the management of

aneurysm/dilatation of the ascending aorta accompanying aortic

stenosis. Assessment and management of congenital aortic stenosis is

addressed in ESCGuidelines on adult congenital heart disease.265

6 Mitral regurgitation

Mitral regurgitation is the second-most frequent VHD in Europe.1,3

The underlying mechanism (primary or secondary) determines the

therapeutic approach.

6.1 Primary mitral regurgitation
Primary lesion of one or more components of the mitral valve appa-

ratus characterizes PMR. Degenerative aetiology (fibroelastic

deficiency and Barlow disease) is most frequent in Western coun-

tries.1,2,266 In low-income countries, rheumatic aetiology is the most

frequent cause of mitral regurgitation.267 Endocarditis can cause PMR

and is addressed in the corresponding ESCGuidelines.4

6.1.1 Evaluation

Echocardiography is the first choice of imaging technique to grade

PMR (Table 7). An integrative approach including qualitative, semi-

quantitative, and quantitative measures of mitral regurgitation (besides

quantification of LV and LA dimensions) is recommended.24,268

Routinely measured effective regurgitant orifice area (EROA) is

strongly associated with all-cause mortality, and compared with the

general population an excess mortality appears for an EROA

>_20 mm2 and steadily increases beyond 40 mm2.269 Evaluation of the

specific lesion leading to mitral regurgitation has prognostic implica-

tions266,270 and is fundamental to determine the feasibility of surgical

and transcatheter valve repair271�273 (Supplementary Figure 1). Three-

dimensional TOE provides an ‘en face’ view of the mitral leaflets

resembling the surgical inspection of the valve, thereby facilitating

Heart Team discussion.24,268 In addition, 3D echocardiography has

shown better agreement with CMR in quantifying the regurgitant vol-

ume than 2D echocardiography, particularly in eccentric, multiple and

late-systolic regurgitant jets.274�277 When various echocardiographic

parameters used to grade mitral regurgitation are inconsistent, CMR

is a valid alternative to quantify the regurgitant volume and is the

reference standard to quantify LV and LA volumes.278 In addition,

quantification of mitral regurgitation with CMR has shown prognostic

implications.277 Finally, preliminary data show that myocardial fibrosis

assessed with CMR is frequent in PMR and has been associated with

sudden cardiac death and ventricular arrhythmias.279

Exercise echocardiography permits evaluation of changes in mitral

regurgitant volume and pulmonary pressures during peak exercise

and is particularly helpful in patients with discordant symptoms and

regurgitation grade at rest.280,281 In asymptomatic patients with

severe PMR and non-dilated LV and LA, low BNP values are associ-

ated with lowmortality and can be useful during follow-up.41,282

LV dimensions and ejection fraction are considered to guide the

management of patients with severe PMR. However, there is cumula-

tive evidence showing that LV global longitudinal strain has incremen-

tal prognostic value in patients treated with surgical repair.283,284

Recently, the Mitral Regurgitation International Database (MIDA)

score has been proposed to estimate the risk of all-cause mortality in

patients with severe PMR due to flail leaflet, who are under medical

treatment or surgically treated.285 Among the variables included in

the score, LA diameter >_55 mm and LVESD >_40 mm are new

thresholds that have been included in the current recommendations.

Right heart catheterization is systematically used to confirm pul-

monary hypertension diagnosed by echocardiography when this is

the only criterion to refer the patient for surgery.

6.1.2 Indications for intervention

Urgent surgery is indicated in patients with acute severe mitral regur-

gitation. In the case of papillary muscle rupture as the underlying dis-

ease, valve replacement is generally required.

Indications for surgery in severe chronic PMR are shown in the fol-

lowing table of recommendations and in Figure 5. Surgery is
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recommended in patients with symptomatic severe PMR and accept-

able surgical risk according to the Heart Team decision. The presence

of LVEF <_60%, LVESD >_40 mm,285,286 LA volume >_60 mL/m2 or

diameter >_55 mm,287,288 systolic pulmonary arterial pressure (SPAP)

>50 mmHg,289 and AF290,291 have been associated with worse out-

comes and are considered triggers for intervention regardless of

symptomatic status.292 In the absence of these criteria, watchful wait-

ing is a safe strategy in asymptomatic patients with severe PMR and

ideally should be performed in a Heart Valve Clinic.

When surgery is considered, mitral valve repair is the surgical

intervention of first choice when the results are expected to be dura-

ble according to the Heart Team evaluation since it is associated with

better survival compared to mitral valve replacement.293,294 PMR

due to segmental valve prolapse can be repaired with a low risk of

recurrence and reoperation.294�296 The reparability of rheumatic

lesions, extensive valve prolapse and to a greater extent leaflet calcifi-

cation or extensive annular calcification is more challenging.297,298

Patients requiring a predictably complex repair should undergo sur-

gery in experienced repair centres with high repair rates, low opera-

tive mortality, and a record of durable results. When repair is not

feasible, mitral valve replacement with preservation of the subvalvular

apparatus is favoured.

Transcatheter mitral valve implantation for severe PMR is a safe

alternative in patients with contraindications for surgery or high oper-

ative risk.299�302 TEER is the most evidenced, while the safety and

efficacy of other techniques have been demonstrated in smaller

series.303�306 The efficacy of more recent TEER system iterations307

will be investigated in high-risk (MITRA-HR study NCT03271762)308

and intermediate-risk patients (REPAIR-MR study NCT04198870).

Table 7 Severe mitral regurgitation criteria based on 2D echocardiography

Primary mitral regurgitation Secondary mitral regurgitation

Qualitative

Mitral valve morphology Flail leaflet, ruptured papillary muscle, severe

retraction, large perforation

Normal leaflets but with severe tenting, poor leaflet coaptation

Colour flow jet area Large central jet (>50% of LA) or eccentric wall

impinging jet of variable size

Large central jet (>50% of LA) or eccentric wall impinging

jet of variable size

Flow convergence Large throughout systole Large throughout systole

Continuous wave Doppler jet Holosystolic/dense/triangular Holosystolic/dense/triangular

Semiquantitative

Vena contracta width (mm) >_7 (>_8 mm for biplane) >_7 (>_8 mm for biplane)

Pulmonary vein flow Systolic flow reversal Systolic flow reversal

Mitral inflow E-wave dominant (>1.2 m/s) E-wave dominant (>1.2 m/s)

TVI mitral/TVI aortic >1.4 >1.4

Quantitative

EROA (2D PISA, mm2) >_40 mm2 >_40 mm2 (may be >_30 mm2 if elliptical regurgitant orifice area)

Regurgitant volume (mL/beat) >_60 mL >_60 mL (may be >_45 mL if low flow conditions)

Regurgitant fraction (%) >_50% >_50%

Structural

Left ventricle Dilated (ESD >_40 mm) Dilated

Left atrium Dilated (diameter >_55 mm or volume >_60 mL/m2) Dilated

2D= two-dimensional; ESD= endsystolic diameter; EROA=effective regurgitant orifice area; LA= left atrium; PMR= primary mitral regurgitation; SMR= secondary mitral

regurgitation; PISA =proximal isovelocity surface area; TVI = time-velocity integral.

Adapted from Lancellotti P et al. Recommendations for the echocardiographic assessment of native valvular regurgitation: an executive summary from the European

Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 2013;14:611�644. Copyright (2013) by permission of Oxford University Press on behalf of the European

Society of Cardiology.

Reproduced from Zoghbi WA et al. Recommendations for noninvasive evaluation of native valvular regurgitation: a report from the American Society of Echocardiography

developed in collaboration with the Society for Cardiovascular Magnetic Resonance. J Am Soc Echocardiogr 2017;30:303�371. Copyright (2017), with permission from the

American Society of Echocardiography.
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Recommendations on indications for intervention in
severe primary mitral regurgitation

Recommendations Classa Levelb

Mitral valve repair is the recommended surgical

technique when the results are expected to be

durable.293�296

I B

Surgery is recommended in symptomatic

patients who are operable and not high

risk.293�296

I B

Surgery is recommended in asymptomatic

patients with LV dysfunction (LVESD >_40 mm

and/or LVEF <_60%).277,286,292
I B

Surgery should be considered in asymptomatic

patients with preserved LV function (LVESD

<40 mm and LVEF >60%) and AF secondary to

mitral regurgitation or pulmonary hypertensionc

(SPAP at rest >50 mmHg).285,289

IIa B
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6.1.3 Medical therapy

In acute mitral regurgitation, nitrates and diuretics are used to reduce

filling pressures. Sodium nitroprusside reduces afterload and regurgi-

tant fraction. Inotropic agents and an intra-aortic balloon pump are of

use in hypotension and haemodynamic instability.

In chronic PMRwith preserved LVEF, there is no evidence to support

the prophylactic use of vasodilators. In patients with overt heart failure,

medical treatment as per current heart failure guidelines applies.247

6.1.4 Serial testing

Asymptomatic patients with severe mitral regurgitation and LVEF

>60% should be followed clinically and by echocardiography every 6

months, ideally in the setting of a Heart Valve Centre.309Measurement

of BNP levels, exercise echocardiography, electrocardiogram-Holter

monitoring and CMR are useful complementary diagnostic and risk

stratification tools.268 The association between PMR, sudden cardiac

death and ventricular arrhythmias remains controversial.310�312 The

presence of mitral annulus disjunction (abnormal atrial displacement of

the hinge point of the mitral valve away from the ventricular myocar-

dium) has been also associated with increased risk of ventricular

arrhythmias.310,311,313 Interestingly, the majority of these patients did

not have severe mitral regurgitation. In asymptomatic patients with

severe PMR and progressive increase of LV size (LVESD approaching

40 mm) or decrease of LVEF on serial studies, surgical mitral valve

repair should be discussed. Asymptomatic patients with moderate

mitral regurgitation and preserved LV function can be followed on a

yearly basis and echocardiography should be performed every

1�2 years. After intervention, serial follow-up focuses on evaluation

of symptomatic status, presence of arrhythmic events, assessment of

valve function,314 and recurrence of mitral regurgitation. After surgical

mitral valve repair, high-volume centres have reported good durability

with a recurrence rate of moderate or severe mitral regurgitation of

12.5% at 20 years of follow-up.296 After transcatheter mitral valve

repair, the currently reported rates of residual moderate and severe

mitral regurgitation (23�30%) would suggest that yearly echocardio-

gram is appropriate.14,300,301

6.1.5 Special populations

Sex differences in terms of prevalence of underlying aetiology of PMR

and management have been reported.298,315,316 Despite the reduc-

tion in the prevalence of rheumatic disease in Western countries,

women still have higher rates of rheumatic mitral regurgitation than

men and emerging aetiologies such as radiation heart disease are also

more frequent in women.297 These aetiologies are often character-

ized by severe calcification of the mitral valve apparatus and associ-

ated with mitral stenosis precluding durable repair. Women with

PMR referred for surgical treatment received mitral valve repair at a

similar rate to men.316 However, women more frequently present

with post-operative heart failure, probably related to a later referral

and more advanced disease as compared to men.

6.2 Secondary mitral regurgitation
In SMR, the valve leaflets and chordae are structurally normal and

mitral regurgitation results from an imbalance between closing and

tethering forces secondary to alterations in LV and LA geome-

try.317,318 It is most commonly seen in dilated or ischaemic cardio-

myopathies, both in severely dilated LV with markedly depressed LV

function or after an isolated infero-basal myocardial infarction leading

to posterior leaflet tethering, despite almost normal LV size and ejec-

tion fraction. SMR may also arise as a consequence of LA enlarge-

ment and mitral annular dilatation in patients with longstanding AF, in

whom LVEF is usually normal and LV dilatation less pronounced (so

called ‘atrial functional mitral regurgitation’).319

6.2.1 Evaluation

The echocardiographic criteria to define severe SMR do not differ

from those used in PMR and an integrative approach should be used

(Table 7).24,268However, it should be acknowledged that when quan-

tifying EROA and regurgitant volume in SMR, lower thresholds may

be applied to define severe SMR. In heart failure patients, the total

forward LV stroke volume is lower and that may lead to lower esti-

mated regurgitant volume (<60 mL/beat). Calculation of regurgitant

fraction in those circumstances could account for lower flows and

has shown prognostic implications.320 In addition, the crescent shape

of the regurgitant orifice, characteristic of SMR, may lead to underes-

timation of the vena contracta width and of the EROA. An EROA

>_30 mm2 by 2D proximal isovelocity surface area (PISA) likely corre-

sponds to severe SMR. In contrast, whether an EROA >_20 mm2

defines severe SMR remains controversial. In heart failure patients,

even mild mitral regurgitation is associated with poor prognosis321

and evidence that surgical or transcatheter treatment of moderate

SMR does not seem to improve patient outcomes322,323 supports

the change in definition of severe SMR. Caution is required, there-

fore, when labelling severe SMR based solely on prognostic implica-

tions. Other factors such as the extent of myocardial scar, as

assessed with CMR, have been associated with poor prognosis.324 In

addition, LVEF has been shown to be misleading in patients with

severe SMR, while LV global longitudinal strain has been shown to

have incremental prognostic value.325,326 The use of 3D echocardiog-

raphy, CMR and exercise echocardiography may help to identify

patients with severe mitral regurgitation when 2D echocardiography

at rest is inconclusive.24,268

Surgical mitral valve repair should be considered

in low-risk asymptomatic patients with LVEF

>60%, LVESD <40 mmd and significant LA dilata-

tion (volume index >_60 mL/m2 or diameter

>_55 mm) when performed in a Heart Valve

Centre and a durable repair is likely.285,288

IIa B

TEER may be considered in symptomatic

patients who fulfil the echocardiographic criteria

of eligibility, are judged inoperable or at high sur-

gical risk by the Heart Team and for whom the

procedure is not considered futile.299�302

IIb B

AF= atrial fibrillation; LA= left atrium/left atrial; LV= left ventricle/left ventricular;

LVEF = left ventricular ejection fraction; LVESD= left ventricular end-systolic

to-edge repair.
aClass of recommendations.
bLevel of evidence.
cIf an elevated SPAP is the only indication for surgery, the value should be con-

firmed by invasive measurement.
dCut-offs refer to average-size adults and may require adaptations in patients

with unusually small or large stature.
E
S
C

/E
A

C
T

S
 2

0
2
1

ESC/EACTS Guidelines590

diameter; SPAP= systolic pulmonary arterial pressure; TEER = transcatheter edge-
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6.2.2 Medical therapy

Optimal medical therapy in line with the guidelines for the manage-

ment of heart failure247 should be the first and essential step in the

management of all patients with SMR and should include replacement

of ACEI or ARB with sacubitril/valsartan, sodium-glucose co-trans-

porter 2 inhibitors and/or ivabradine, whenever indicated.247,327

Indications for cardiac resynchronization therapy (CRT) should be

evaluated in accordance with related guidelines.247 If symptoms persist

after optimization of conventional heart failure therapy, options for

mitral valve intervention should be promptly evaluated before further

deterioration of LV systolic function or cardiac remodelling occur.

6.2.3 Indications for intervention

Chronic SMR is associated with impaired prognosis321,328 and its

interventional management is complex (see recommendations on

indications for mitral valve intervention in chronic severe SMR, and

Figure 6). The detailed analysis of the available level of evidence made

by the methodology group of the task force is available in

Supplementary Section 5. The importance of decision making by a

multidisciplinary Heart Team needs to be emphasized in this setting.

The Heart Team, including a heart failure specialist, should optimize

guideline-directed medical therapy (GDMT) and consider the indica-

tions of electrophysiological, transcatheter and surgical interventions,

their priority and order of implementation.

The evidence supporting surgical intervention remains limited.

Mitral valve surgery is recommended in patients with severe SMR

undergoing CABG or other cardiac surgery.329,330 The surgical

approach has to be tailored to the individual patient.247,331 In selected

patients without advanced LV remodelling, mitral valve repair with an

undersized complete rigid ring restores valve competence, improves

symptoms, and results in reverse LV remodelling.331Additional valvu-

lar/subvalvular techniques or chordal sparing valve replacement may

be considered in patients with echocardiographic predictors of repair

failure.332 Valve replacement avoids recurrence of mitral regurgita-

tion, although this does not translate into better LV reverse

Symptoms

Management of patients with severe chronic primary mitral regurgitation

LVEF ≤ 60% or

LVESD ≥ 40 mm

Operative risk

judged by the

Heart Team

N Y

Follow-up
Surgical mitral

valve repair

Surgery

(repair whenever

possible)

TEER if

anatomically

suitable/extended

HF treatmentb

Palliative care

New onset of AF or

SPAP > 50 mmHg

High likelihood of durable

repair, low surgical risk,

and LA dilatationa

N

YN

Y

Y

Inoperable or

at high surgical

risk

High risk of futility

YN

N

Figure 5 Management of patients with severe chronic primary mitral regurgitation. AF= atrial fibrillation; HF= heart failure; LA= left atrium/left atrial;

LVEF= left ventricular ejection fraction; LVESD= left ventricular end-systolic diameter; SPAP= systolic pulmonary arterial pressure; TEER: transcatheter

edge-to-edge repair. aLA dilatation: volume index >_60 mL/m2 or diameter >_55 mm at sinus rhythm. bExtended heart failure treatment includes the follow-

ing: CRT; ventricular assist devices; heart transplantation.247

ESC/EACTS Guidelines 591
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remodelling or survival.333 Indications for isolated mitral valve surgery

in SMR are particularly restrictive, owing to significant procedural

risk, high rates of recurrent mitral regurgitation, and the absence of

proven survival benefit.333�335 In patients with atrial functional mitral

regurgitation, LVEF is usually normal, LV dilatation less pronounced

and mitral annular dilatation represents the main mechanism of mitral

regurgitation. This subgroup may be more effectively treated by ring

annuloplasty often associated with ablation of AF but evidence is still

limited.319

TEER with the MitraClip system is a minimal-invasive treatment

option for SMR. Two RCTs (COAPT and MITRA-FR)323,336,337 have

evaluated its safety and efficacy in patients with symptomatic heart

failure and severe SMR persisting despite medical therapy, who were

considered either ineligible or not appropriate for surgery by the

Heart Team (Supplementary Table 7). The results indicate that the

procedure is safe and effectively reduces SMR up to 3 years.338

However, in the MITRA-FR trial,323,336MitraClip implantation had no

impact on the primary endpoint of all-cause mortality or heart failure

hospitalization at 12 months and 2 years compared to GDMT alone.

In the COAPT trial,337 MitraClip implantation substantially reduced

the primary endpoint of cumulative hospitalizations for heart failure,

as well as several pre-specified secondary endpoints, including all-

cause mortality at 2 years.

Subanalyses of the COAPT trial confirm the positive response to

TEER in several patient subgroups;339�343 conversely, the effect of

the interventional treatment was neutral throughout all subgroups in

an echocardiographic subanalyses of the MITRA-FR trial.344

The conflicting results of these two trials have generated consider-

able discussion. These diverging results might be partially explained

by effect size of the trials, differences in trial design, patient selection,

echocardiographic assessment of SMR severity, use of medical ther-

apy, and technical factors. Patients in COAPT demonstrated greater

severity of SMR (EROA 41±15mm2 vs. 31±10mm2) and less LV dila-

tation (mean indexed LV end-diastolic volume 101±34 mL/m2 vs.

135±35 mL/m2) than those enrolled in MITRA-FR. Perhaps reflecting

greater severity of SMR in relation to LV dimensions (‘disproportion-

ate’ mitral regurgitation), patients in COAPT were overall more likely

to benefit from TEER in terms of reduced mortality and heart failure

hospitalization.345

Additional studies are needed to identify patients who will benefit

the most from TEER.

Therefore, TEER should be considered in selected patients with

severe SMR fulfilling the COAPT inclusion criteria,346�348who receive

optimal medical therapy supervised by a heart failure specialist and are

as close as possible to the patients actually enrolled in the study.

Optimization of the procedural result should also be pursued. In addi-

tion, TEER may be considered only in selected cases when the

COAPT criteria are not fulfilled with the aim of improving symptoms

and quality of life.349�353 In patients with less severe SMR (EROA

<30mm2) and advanced LV dilatation/dysfunction, the prognostic ben-

efit of MitraClip remains unproven.323,354,355 Patients with end-stage

LV and/or RV failure and no option for revascularization may be better

served by cardiac transplantation or LV assist device implantation.

Valve intervention is generally not an option when LVEF is <15%.247

The management of moderate ischaemic SMR in patients under-

going CABG remains an object of debate.322,330 Surgery is more likely

to be considered if myocardial viability is present and if comorbidity is

low. Exercise-induced dyspnoea and a large increase in mitral regurgi-

tation severity and SPAP favour combined surgery.

Transcatheter mitral valve repair systems other than TEER, as well

as transcatheter mitral valve replacement devices, are currently the

subject of intense investigation but clinical data are still limited.

Recommendations on indications for mitral valve inter-
vention in chronic severe secondary mitral regurgitationa

Recommendations Classb Levelc

Valve surgery/intervention is recommended

only in patients with severe SMR who remain

symptomatic despite GDMT (including CRT if

indicated) and has to be decided by a structured

collaborative Heart Team.247,323,336,337

I B

Patients with concomitant coronary artery or other cardiac

disease requiring treatment

Valve surgery is recommended in patients

undergoing CABG or other cardiac

surgery.329,330,333
I B

In symptomatic patients, who are judged not

appropriate for surgery by the Heart Team on

the basis of their individual characteristics,d PCI

(and/or TAVI) possibly followed by TEER (in

case of persisting severe SMR) should be

considered.

IIa C

Patients without concomitant coronary artery or other cardiac

disease requiring treatment

TEER should be considered in selected sympto-

matic patients, not eligible for surgery and fulfill-

ing criteria suggesting an increased chance of

responding to the treatment.337,338,356,357 e

IIa B

Valve surgery may be considered in sympto-

matic patients judged appropriate for surgery by

the Heart Team.

IIb C

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.e

IIb C

2D= two-dimensional; CABG= coronary artery bypass grafting; CRT= cardiac

resynchronization therapy; EROA= effective regurgitation orifice area; GDMT

= guideline-directed medical therapy; LVEF = left ventricular ejection fraction;

SMR= secondary mitral regurgitation; PCI = percutaneous coronary intervention;

SMR= secondary mitral regurgitation; TAVI = transcatheter aortic valve implanta-

tion; TEER: transcatheter edge-to-edge repair.
aSee Table 7 for SMR quantification (an EROA >_30 mm2 by 2D proximal isove-

locity surface area corresponds likely to severe SMR). Quantification of SMR

must always be performed under optimal guidelines-directed medical treatment.
bClass of recommendation.
cLevel of evidence.
dLVEF, predicted surgical risk, amount of myocardial viability, coronary anatomy/

target vessels, type of concomitant procedure needed, TEER eligibility, likelihood

of durable surgical repair, need of surgical mitral replacement, local expertise.
eCOAPT criteria (Cardiovascular Outcomes Assessment of the MitraClip

Percutaneous Therapy for Heart Failure Patients With Functional Mitral

Regurgitation): see Supplementary Table 7.
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Symptoms despite GDMT

Management of patients with chronic severe secondary mitral regurgitation

Appropriate for surgery

on the base of individual

patient characteristicsa

Persisting severe

SMR and 

symptoms

NY

Y
Severe comorbidities or

life expectancy < 1 year

N

CAD or other

cardiac disease

requiring treatment

PCI/TAVI

Appropriate for

valve surgery

Fulfilling criteria suggesting

an increased chance of

responding to TEERc

HTx/LVAD

Palliative care
TEER

Close

follow-up

TEER in selected

cases or other

transcatheter

valve therapy if

applicable (for

symptoms

improvement),

after careful

evaluation

for HTx/LVAD

MV

surgeryb

N

Referral to Heart Team

GDMT optimization

CRT when indicated (ESC HF Guidelines)

CABG or

other cardiac

surgery

AND

MV

surgery

End stage

LV/RV

failure

N

Palliative

care

Y N

YN

Y Y N

Y

Figure 6 Management of patients with chronic severe secondary mitral regurgitation. CAD=coronary artery disease; CABG= coronary artery bypass

grafting; CRT= cardiac resynchronization therapy; ESC= European Society of Cardiology; GDMT= guideline-directed medical therapy; HF= heart failure;

HTx= heart transplantation; LVAD= left ventricular assist devices; LV= left ventricle/left ventricular; LVEF= left ventricular ejection fraction; MV=mitral

valve; PCI= percutaneous coronary intervention; RV= right ventricle/right ventricular; SMR= secondary mitral regurgitation; TAVI= transcatheter aortic

valve implantation; TEER: transcatheter edge-to-edge repair. aLVEF, predicted surgical risk, amount of myocardial viability, coronary anatomy/target ves-

sels, type of concomitant procedure needed, TEER eligibility, likelihood of durable surgical repair, need of surgical mitral replacement, local expertise.
bParticularly when concomitant tricuspid valve surgery is needed. cCOAPT criteria (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous

Therapy for Heart Failure PatientsWith Functional Mitral Regurgitation): see Supplementary Table 7.
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7 Mitral stenosis

Aetiology of mitral stenosis is mostly rheumatic or degenerative.

Rheumatic fever is the most common cause of mitral stenosis world-

wide. Its prevalence has greatly decreased in industrialized countries,

but it remains a significant healthcare problem in developing coun-

tries and affects young patients.2,267,358 Degenerative mitral stenosis

related to MAC is a distinct pathology and its prevalence significantly

increases with age.359,360 Both types of mitral stenosis are more fre-

quent in females.361 In rare cases, mitral stenosis due to valve rigidity

but without commissural fusion, may be related to chest radiation,

carcinoid heart disease, or inherited metabolic diseases.

7.1 Rheumatic mitral stenosis
7.1.1 Evaluation

Clinically significant mitral stenosis is defined by a mitral valve

area (MVA) <_1.5 cm2. Commissural fusion with thickening of the pos-

terior leaflet is the most important mechanism of stenosis.

Echocardiography is the preferred method for diagnosis, assessment of

severity, and haemodynamic consequences of mitral stenosis. Valve

area using 2D planimetry is the referencemeasurement of mitral steno-

sis severity, whereas mean transvalvular gradient and pulmonary pres-

sures reflect its consequences and have a prognostic role.362 3D-TTE

planimetry may have an additional diagnostic value. TTE usually pro-

vides sufficient information for routine management. Scoring systems

have been developed to help assess suitability for percutaneous mitral

commissurotomy (PMC; Supplementary Table 8),363�365 TOE should

be performed to exclude LA thrombus before PMCor after an embolic

episode, and to obtain detailed information on mitral anatomy (com-

missural zones and subvalvular apparatus) before intervention when

TTE is suboptimal. Stress testing is indicated in patients with no symp-

toms or symptoms equivocal or discordant with the severity of mitral

stenosis. Exercise echocardiography may provide objective information

by assessing changes in mitral gradient and pulmonary artery pressure

and is superior to DSE. Echocardiography plays an important role in

the periprocedural monitoring of PMC and follow-up.

7.1.2 Indications for intervention

The type of treatment (PMC or surgery), as well as its timing, should

be decided based on clinical characteristics, anatomy of valve and

subvalvular apparatus, and local expertise.366�369 In general, indica-

tion for intervention should be limited to patients with clinically signif-

icant (moderate-to-severe) rheumatic mitral stenosis (valve area

<_1.5 cm2) in whom PMC has had a significant impact on its manage-

ment. In Western countries where incidence of rheumatic fever and

number of PMC is low, this treatment should be restricted to expert

operators in specialized centres to improve safety and procedural

success rate.366 Efforts should be made to increase availability of

PMC in developing countries where access to treatment is limited

due to economic reasons.267 PMC should be considered as an initial

treatment for selected patients with mild to moderate calcification or

impaired subvalvular apparatus, but who have otherwise favourable

clinical characteristics.360

The management of clinically significant rheumatic mitral stenosis is

summarized in Figure 7 and the indications and contraindications for

PMC are provided in the table of recommendations below, and Table 8.

Recommendations on indications for percutaneous
mitral commissurotomy and mitral valve surgery in
clinically significant (moderate or severe) mitral steno-
sis (valve area �1.5 cm2)

Recommendations Classa Levelb

PMC is recommended in symptomatic patients

without unfavourable characteristicsc for

PMC.360,363�365,367

I B

PMC is recommended in any symptomatic patients

with a contraindication or a high risk for surgery.
I C

Mitral valve surgery is recommended in sympto-

matic patients who are not suitable for PMC in

the absence of futility.

I C

PMC should be considered as initial treatment

in symptomatic patients with suboptimal anat-

omy but no unfavourable clinical characteristics

for PMC.c

IIa C

PMC should be considered in asymptomatic

patients without unfavourable clinical and ana-

tomical characteristicsc for PMC and:

• High thromboembolic risk (history of systemic

embolism, dense spontaneous contrast in the

LA, new-onset or paroxysmal AF), and/or

• High risk of haemodynamic decompensation

(systolic pulmonary pressure >50mmHg at rest,

need for major NCS, desire for pregnancy).

IIa C

AF= atrial fibrillation; LA= left atrium/left atrial; MVA=mitral valve area;

NCS = non-cardiac surgery; PMC=percutaneous mitral commissurotomy.
aClass of recommendation.
bLevel of evidence.
cUnfavourable characteristics for PMC can be defined by the presence of several

of the following characteristics. Clinical characteristics: old age, history of com-

missurotomy, New York Heart Association class IV, permanent AF, severe pul-

monary hypertension. Anatomical characteristics: echocardiographic score >8,

Cormier score 3 (calcification of mitral valve of any extent as assessed by fluoro-

scopy), very small MVA, severe tricuspid regurgitation. For the definition of

scores, see Supplementary Table 8.
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Table 8 Contraindications for percutaneous mitral com-
missurotomy in rheumatic mitral stenosisa

Contraindications

MVA >1.5 cm2a

LA thrombus

More than mild mitral regurgitation

Severe or bi-commissural calcification

Absence of commissural fusion

Severe concomitant aortic valve disease, or severe combined tricuspid

stenosis and regurgitation requiring surgery

Concomitant CAD requiring bypass surgery

CAD= coronary artery disease; LA= left atrium/left atrial; MVA=mitral valve

area; PMC=percutaneous mitral commissurotomy.
aPMC may be considered in patients with valve area >1.5 cm2 with symptoms

that cannot be explained by another cause and if the anatomy is favourable.
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7.1.3 Medical therapy

Diuretics, beta-blockers, digoxin, non-dihydropyridine calcium chan-

nel blockers and ivabradine can improve symptoms. Anticoagulation

with vitamin K antagonist (VKA) with a target international normal-

ized ratio (INR) between 2 and 3 is indicated in patients with AF.

Patients with moderate-to-severe mitral stenosis and AF should be

kept on VKA and not receive NOACs. Currently there is no solid

evidence to support the use of NOACs in this setting370 and a

randomized clinical trial is underway (INVICTUS VKA NCT

02832544). Neither cardioversion nor catheter pulmonary vein

isolation are indicated before intervention in patients with significant

mitral stenosis, as they do not durably restore sinus rhythm. If AF is

of recent onset and the LA is only moderately enlarged, cardiover-

sion should be performed soon after successful intervention, it

should also be considered in patients with less than severe mitral

stenosis. Amiodarone is most effective in maintaining the sinus

rhythm after cardioversion. In patients in sinus rhythm, OAC is rec-

ommended when there has been a history of systemic embolism or a

thrombus 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 mmor LA volume >60mL/m2).

Symptoms

High risk of embolism

or haemodynamic

decompensationa

Contraindication

to PMC

Management of clinically significant rheumatic mitral stenosis (MVA ≤ 1.5 cm2)

Y

Favourable

anatomical

characteristicsc

Contraindication to

or unfavourable

characteristics for PMC

Symptoms

Exercise testing

N

N

N Y

Contraindication

or high risk

for surgery
Y

N

Y

Y

Follow up PMC Surgeryd PMCb SurgerySurgery

N

Favourable

clinical

characteristicsc

N

YN Y

Y

N

Figure 7 Management of clinically significant rheumatic mitral stenosis (MVA <_1.5 cm2). AF= atrial fibrillation; LA= left atrium/left atrial; MVA=mitral

valve area; NCS= non-cardiac surgery; PMC=percutaneous mitral commissurotomy. aHigh thromboembolic risk: history of systemic embolism, dense

spontaneous contrast in the LA, new-onset AF. High-risk of haemodynamic decompensation: systolic pulmonary pressure >50 mmHg at rest, need for

major NCS, desire for pregnancy. bSurgical commissurotomy may be considered by experienced surgical teams in patients with contraindications to PMC.
cSee recommendations on indications for PMC and mitral valve surgery in clinically significant mitral stenosis in section 7.2. dSurgery if symptoms occur for

a low level of exercise and operative risk is low.
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7.1.4 Serial testing

Asymptomatic patients with clinically significant mitral stenosis

should be followed up yearly by clinical and echocardiographic

examinations; and at longer intervals (2�3 years) in case of moderate

stenosis. Follow-up of patients after successful PMC is similar to that

of asymptomatic patients and should be more frequent if asympto-

matic restenosis occurs.

7.1.5 Special patient populations

When symptomatic restenosis occurs after surgical commissurot-

omy or PMC, re-intervention in most cases requires valve replace-

ment, but PMC can be proposed in selected candidates with

favourable characteristics if the predominant mechanism is commis-

sural refusion.369

In patients with severe rheumatic mitral stenosis combined with

severe aortic valve disease, surgery is preferable when it is not con-

traindicated. The management of patients in whom surgery is contra-

indicated is difficult and requires a comprehensive and individualized

evaluation by the Heart Team. In cases with severe mitral stenosis

associated with moderate aortic valve disease, PMC can be per-

formed to postpone the surgical treatment of both valves. In patients

with severe tricuspid regurgitation, PMC may be considered in

selected patients with sinus rhythm, moderate atrial enlargement,

and severe functional tricuspid regurgitation secondary to pulmonary

hypertension. In other cases, surgery on both valves is preferred.371

In the elderly population with rheumatic mitral stenosis when sur-

gery is high risk, PMC is a useful option, even if as palliative

care.364,367,368 Treatment of patients with low-gradient severe mitral

stenosis (MVA <_1.5 cm2, mean gradient <10 mmHg) is difficult, as

these patients are older and have less optimal anatomy.372

7.2 Degenerative mitral stenosis with
mitral annular calcification
MAC is a distinct entity that differs from rheumatic mitral stenosis.

Usually, these patients are elderly and may have significant comorbid-

ities including disease of other valves. Overall, the prognosis is poor

due to high-risk profile and technical anatomic challenges resulting

from the presence of annular calcification.373 Between 9% and 15%

of the general population may have MAC, with higher frequency in

elderly patients (40%).67,374�376 Furthermore, almost half of patients

with aortic stenosis undergoing TAVI have MAC, and the disease is

severe in 9.5% of cases.359,377 Severe MACmay result in mitral steno-

sis (more frequently) or mitral regurgitation, or both.

7.2.1 Evaluation

In patients with degenerative mitral stenosis and MAC, the echocar-

diographic evaluation of the disease severity is difficult and the usual

parameters lack validation. Planimetry is less reliable due to diffuse

calcium and irregular orifice. The mean transmitral gradient has been

shown to have prognostic value.378 For the evaluation of severity, it is

necessary to take into account the abnormalities of LA and LV com-

pliance before indicating an intervention. If an intervention is planned,

echocardiography is used for initial evaluation and CCT is necessary

to assess the degree and location of calcification and to evaluate the

feasibility of an intervention.379

7.2.2 Indications for intervention

Treatment options, including transcatheter and surgical approaches,

are high-risk procedures and evidence from randomized trials is lack-

ing. Even if the procedure is done successfully and the transvalvular

gradient is reduced, due to low compliance of the LA and LV the

mean atrial pressure may remain elevated.

In elderly patients with degenerative mitral stenosis and MAC, sur-

gery is technically challenging and high risk.380 As there is no commis-

sural fusion, degenerative mitral stenosis is not amenable to PMC.359

In symptomatic inoperable patients with suitable anatomy, prelimi-

nary experience showed that transcatheter mitral valve implantation

(in mitral position, using an inverted balloon-expandable TAVI pros-

thesis), is feasible in selected patients with severe mitral stenosis,

when performed by experienced operators after careful pre-

planning using multimodality imaging.379 The largest case series

reported to date included only 116 patients.381 However, operative

mortality is high, in particular due to the risk of LVOT obstruction

and mid-term results are less favourable compared to mitral valve-in-

valve procedures.382,383 The most recent case series show that

results are improving owing to better patient selection and the use of

different accesses, as well as concomitant or preventive measures

such as alcohol septal ablation384 or laceration/resection of the ante-

rior leaflet.385�387

Recently, a preliminary case series suggested that transcatheter

mitral valve replacement using a dedicated prosthesis is feasible and

can result in symptom improvement.388

8 Tricuspid regurgitation

Moderate or severe tricuspid regurgitation is observed in 0.55% of

the general population and its prevalence increases with age, affecting

about 4% of the patients aged 75 years or more.389 Aetiology is sec-

ondary in >_90% of cases, due to pressure and/or volume overload

mediated RV dilatation or enlarged right atrium and tricuspid annulus

due to chronic AF. Secondary tricuspid regurgitation is associated

with left-sided valvular or myocardial dysfunction in most cases,

whereas it is isolated in 8.1% of subjects and independently related to

mortality.389 Secondary tricuspid regurgitation may also develop late

after left-sided valve surgery.390,391

Causes of primary tricuspid regurgitation include infective endo-

carditis [especially in intravenous (i.v.) drug addicts], rheumatic heart

disease, carcinoid syndrome, myxomatous disease, endomyocardial

fibrosis, congenital valve dysplasia (e.g. Ebstein’s anomaly), thoracic

trauma, and iatrogenic valve damage.

Atrial fibrillation induces annular remodelling even in the absence

of left-heart disease.392 Cardiac implantable electronic device-lead

implantation leads to progressive tricuspid regurgitation in 20�30%

of the patients393�395 and predicts its progression over time.396

In patients with heart failure and reduced LVEF, secondary tricus-

pid regurgitation is a very frequent finding and is an independent pre-

dictor of clinical outcomes.397

8.1 Evaluation
Tricuspid regurgitation should be evaluated first by echocardiogra-

phy. In primary tricuspid regurgitation, specific abnormalities of the

valve can be identified. In secondary tricuspid regurgitation, annular
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dilatation, along with RV and right atrium dimensions, as well as RV

function should be measured, owing to their prognostic relevance.398

In experienced laboratories, RV strain27 and/or 3D measurements of

RV volumes399,400 may be considered to overcome the existing limi-

tations of conventional RV function indices.102 When available, CMR

is the preferred method to assess the RV400 due to its high accuracy

and reproducibility.401

Echocardiographic evaluation of tricuspid regurgitation severity is

based on an integrative approach considering multiple qualitative and

quantitative parameters (Table 9). Due to the non-circular and non-

planar shape of the regurgitant orifice, biplane vena contracta width

should be considered in addition to the conventional 2D measure-

ment.402 Similarly, underestimation of tricuspid regurgitation severity

by the PISA method may occur.403 In case of inconsistent findings, the

3D vena contracta area may be evaluated, although diverging cut-offs

have been reported.402,404�406 Recently, a new grading scheme

including two additional grades (‘massive’ and ‘torrential’) has been

proposed407 and used in clinical studies on transcatheter interven-

tions.408,409 Studies showed an incremental prognostic value of the

two additional grades (massive and torrential) in terms of mortality

and rehospitalization for heart failure in patients with advanced

disease.410�412

Alternatively, calculation of the tricuspid regurgitant volume by

CMR using RV volumetry may be helpful.

Importantly, estimation of pulmonary pressures using Doppler gra-

dient may be impossible or might underestimate the severity of pul-

monary hypertension in the presence of severe tricuspid

regurgitation, justifying cardiac catheterization to evaluate pulmonary

vascular resistances.413

8.2 Indications for intervention
Severe tricuspid regurgitation is associated with impaired

survival389,414�416 and worsening heart failure.397,417 In clinical prac-

tice, tricuspid valve interventions are underused and often initiated

too late.418�420 Appropriate timing of intervention is crucial to avoid

irreversible RV damage and organ failure with subsequent increased

surgical risk421,422 (see table of recommendations on indications for

intervention in tricuspid valve disease in section 9 and Figure 8).

Surgery is recommended in symptomatic patients with severe pri-

mary tricuspid regurgitation. In selected asymptomatic or mildly symp-

tomatic patients who are appropriate for surgery, an intervention

should also be considered when RV dilatation or declining RV function

is observed. However, exact thresholds have not yet been defined.

According to observational data, tricuspid valve repair should be

performed liberally during left-sided surgery in patients with secon-

dary tricuspid regurgitation. Indeed, it does not increase operative

risk, but promotes reverse remodelling of the RV and improves func-

tional status when annular dilatation is present, even in the absence

of severe tricuspid regurgitation.423�427

The benefit of surgical correction of isolated secondary tricuspid

regurgitation compared to medical treatment is not well established428

and the procedure has a non-negligible risk of periprocedural mortality

andmorbidity when patients present late.429�432However, in carefully

selected candidates, surgery can be performed safely with good long-

term survival.418,433 It should therefore be considered early in selected

symptomatic patients appropriate for surgery, as well as in those with

no or mild symptoms, RV dilatation and severe tricuspid regurgitation.

Although a tricuspid annular pulmonary systolic excursion (TAPSE)

<17 mm has been associated with worse prognosis in patients with

secondary tricuspid regurgitation,398,434 thresholds for severe RV dys-

function making intervention futile have not yet been defined.

Reoperation on the tricuspid valve in new-onset or worsening sec-

ondary tricuspid regurgitation after left-sided surgery carries a high

procedural risk, possibly due to late referral and subsequent poor

clinical condition.435 To improve prognosis, treatment of severe tri-

cuspid regurgitation in this challenging scenario should be considered

even in asymptomatic patients if there are signs of RV dilatation or

decline in RV function (after exclusion of left-sided valve dysfunction,

severe RV or LV dysfunction and severe pulmonary vascular disease/

hypertension).

Whenever possible, annuloplasty with prosthetic rings is prefera-

ble to valve replacement,423,430,436 which should only be considered

when the tricuspid valve leaflets are tethered and the annulus

severely dilated. In presence of a cardiac implantable electronic

device lead, the technique used should be adapted to the patient’s

condition and the surgeon’s experience.437

TTVI are under clinical development. Early registry and study data

demonstrated the feasibility to reduce tricuspid regurgitation using

various systems, enabling either leaflet approximation,408,438�440

direct annuloplasty,409,441 or valve replacement,442�444 with subse-

quent symptomatic and haemodynamic improvement.445,446 In a

propensity-score-matched study comparing medical treatment to

TTVI, all-cause mortality and rehospitalizations at 1 year were lower

among the patients who received the interventional treatment.447

Several RCTs will investigate the efficacy of TTVI against medical

treatment.

Table 9 Echocardiographic criteria for grading severity
of tricuspid regurgitation

Qualitative

Tricuspid valve morphology Abnormal/flail

Colour flow regurgitant jet Very large central jet or eccentric

wall impinging jeta

CW signal of regurgitant jet Dense/triangular with early peaking

Semiquantitative

Vena contracta width (mm) >7a,b

PISA radius (mm) >9c

Hepatic vein flowc Systolic flow reversal

Tricuspid inflow E-wave dominant >_1m/sd

Quantitative

EROA (mm2) >_40

Regurgitant volume (mL/beat) >_45

Enlargement of cardiac

chambers/vessels

RV, RA, inferior vena cava

CW=continuous wave; EROA= effective regurgitant orifice area; PISA= proximal

isovelocity surface area; RA= right atrium/right atrial; RV= right ventricle/right ven-

tricular; TR= tricuspid regurgitation.
aAt a Nyquist limit of 50�60 cm/s.
bPreferably biplane.
cBaseline Nyquist limit shift of 28 cm/s.
dIn the absence of other causes of elevated RA pressure.
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Therefore, TTVI may be considered by the Heart Team at experi-

enced Heart Valve Centres in symptomatic, inoperable, anatomically

eligible patients in whom symptomatic or prognostic improvement

can be expected. For detailed anatomical evaluation, TOE and CCT

may be preferred owing to higher spatial resolution.448,449

8.3 Medical therapy
Diuretics are useful in the presence of right heart failure. To counter-

balance the activation of the renin-angiotensin-aldosterone system

associated with hepatic congestion, the addition of an aldosterone

antagonist may be considered.247 Dedicated treatment of pulmonary

hypertension is indicated in specific cases. Although data are limited,

rhythm control may help to decrease tricuspid regurgitation and

contain annular dilatation in patients with chronic AF.450 Importantly,

in the absence of advanced RV dysfunction or severe pulmonary

hypertension, none of the above-mentioned therapies should delay

referral for surgery or transcatheter therapy.

9 Tricuspid stenosis

Tricuspid stenosis is often combined with tricuspid regurgitation and

most frequently of rheumatic origin. It is therefore usually associated

with left-sided valve lesions, particularly mitral stenosis. Other causes

are rare, including congenital, carcinoid and drug-induced valve dis-

eases,Whipple’s disease, endocarditis, and large right atrial tumour.

Management of tricuspid regurgitation

Need for left-sided valve surgery

Severe secondary TR

N Y

N

Severity/aetiology of TR Severity/aetiology of TR

Severe primary TR Mild-moderate TR
Severe primary or

secondary TR

Medical therapy
TV repair or

replacementb

Evaluation of trans-

catheter therapya

TV repair or

replacementb

Severe RV/LV

dysfunction or

severe pulmonary

hypertension

Symptomatic

RV dilatation

Symptomatic

RV dilatation

TA dilatation

No concomitant

TV surgery
Y

N

N

N Y

N

N

Medical therapy

Appropriate for

surgery according

to the Heart Team

N

Y

Y

Y

Y

Y

Figure 8 Management of tricuspid regurgitation. LV= left ventricle/left ventricular; RV= right ventricle/right ventricular; TA= tricuspid annulus;

TR= tricuspid regurgitation; TV= tricuspid valve. aThe Heart Teamwith expertise in the treatment of tricuspid valve disease evaluates anatomical eligibility for

transcatheter therapy including jet location, coaptation gap, leaflet tethering, potential interference with pacing lead. bReplacement when repair is not feasible.
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9.1 Evaluation
Echocardiography provides the most useful information. Tricuspid

stenosis is often overlooked and requires careful evaluation.

Echocardiographic evaluation of valve anatomy and subvalvular appa-

ratus is important to assess valve reparability. No generally accepted

grading of tricuspid stenosis severity exists, but a mean echocardio-

graphic transvalvular gradient >_5 mmHg at normal heart rate is con-

sidered indicative of significant tricuspid stenosis.362

9.2 Indications for intervention
Intervention on the tricuspid valve is usually performed concomi-

tantly during procedures for left-sided valve disease in patients who

are symptomatic despite medical therapy. Although the lack of pliable

leaflet tissue is a main limitation for valve repair, the choice between

repair and replacement depends on anatomy and surgical expertise.

Owing to satisfactory long-term durability, biological prostheses are

usually preferred over mechanical valves, which have a high risk of

thrombosis.451

Percutaneous tricuspid balloon valvuloplasty has been performed

in a limited number of cases, either alone or in combination with

PMC. It frequently induces significant regurgitation and long-term

results are lacking.452 It can be considered in rare cases with anatomi-

cally suitable valves, when tricuspid stenosis is isolated or additional

mitral stenosis can also be treated interventionally (see recommen-

dations on indications for PMC and mitral valve surgery in clinically

significant mitral stenosis in section 7).

9.3 Medical therapy
Diuretics are useful in the presence of heart failure symptoms but are

of limited long-term efficacy.

10 Combined and multiple-valve
diseases

Significant stenosis and regurgitation can be found on the same

valve. Disease of multiple valves may be encountered in several

conditions, particularly in rheumatic and congenital heart disease,

but also less frequently in degenerative valve disease. There is a

lack of data on combined or multiple-valve disease.453�460 This

does not allow for evidence-based recommendations. The general

principles for the management of combined or multiple-valve dis-

ease are as follows:

• When either stenosis or regurgitation is predominant, man-

agement follows the recommendations concerning the pre-

dominant VHD. When the severity of both stenosis and

regurgitation is balanced, indications for interventions should

be based on symptoms and objective consequences rather

than on the indices of severity of stenosis or regur-

gitation.453�456 In this setting, Doppler pressure gradient

reflects the global haemodynamic burden (stenosis and regur-

gitation) of the valve lesion.453

• Besides the separate assessment of each valve lesion, it is nec-

essary to consider the interaction between the different valve

lesions. As an illustration, associated mitral regurgitation may

Recommendations on indications for intervention in tri-
cuspid valve disease

Recommendations Classa Levelb

Recommendations on tricuspid stenosis

Surgery is recommended in symptomatic

patients with severe tricuspid stenosis.c
I C

Surgery is recommended in patients with severe

tricuspid stenosis undergoing left-sided valve

intervention.d
I C

Recommendations on primary tricuspid regurgitation

Surgery is recommended in patients with severe

primary tricuspid regurgitation undergoing left-

sided valve surgery.

I C

Surgery is recommended in symptomatic

patients with isolated severe primary tricuspid

regurgitation without severe RV dysfunction.

I C

Surgery should be considered in patients with

moderate primary tricuspid regurgitation under-

going left-sided valve surgery.

IIa C

Surgery should be considered in asymptomatic

or mildly symptomatic patients with isolated

severe primary tricuspid regurgitation and RV

dilatation who are appropriate for surgery.

IIa C

Recommendations on secondary tricuspid regurgitation

Surgery is recommended in patients with severe

secondary tricuspid regurgitation undergoing

left-sided valve surgery.423�427

I B

Surgery should be considered in patients with

mild or moderate secondary tricuspid regurgita-

tion with a dilated annulus (>_40 mm or >21

mm/m2 by 2D echocardiography) undergoing

left-sided valve surgery.423,425�427

IIa B

Surgery should be considered in patients with

severe secondary tricuspid regurgitation (with or

without previous left-sided surgery) who are

symptomatic or have RV dilatation, in the

absence of severe RV or LV dysfunction and

severe pulmonary vascular disease/hyperten-

sion.418,433 e

IIa B

Transcatheter treatment of symptomatic secon-

dary severe tricuspid regurgitation may be con-

sidered in inoperable patients at a Heart Valve

Centre with expertise in the treatment of tricus-

pid valve disease.f

IIb C

2D= two-dimensional; LV = left ventricle/left ventricular; PMC=percutaneous

mitral commissurotomy; RV= right ventricle/right ventricular.
aClass of recommendation.
bLevel of evidence.
cPercutaneous balloon valvuloplasty can be attempted as a first approach if tricus-

pid stenosis is isolated.
dPercutaneous balloon valvuloplasty can be attempted if PMC can be performed

on the mitral valve.
eIn patients with previous surgery recurrent left-sided valve dysfunction needs to

be excluded.
fTranscatheter treatment can be performed according to Heart Team at experi-

enced valve centres in anatomically eligible patients in whom improvement of

quality of life or survival can be expected.
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lead to underestimation of the severity of aortic stenosis, as

decreased stroke volume due to mitral regurgitation lowers

the flow across the aortic valve and hence the aortic gra-

dient.453 This underlines the need to combine different meas-

urements, including assessment of valve areas, if possible using

methods that are less dependent on loading conditions, such

as planimetry.457

• Indications for intervention are based on global assessment of

the consequences of the different valve lesions (i.e. symptoms or

presence of LV dilatation or dysfunction). Intervention can be

considered for non-severe multiple lesions associated with symp-

toms or leading to LV impairment.453

• The decision to intervene on multiple valves should take into

account the age, comorbidities, and risk of combined procedures,

and should be made by the Heart Team after precise and com-

prehensive evaluation of valve lesions and their interactions with

each other.453,461 The risk of combined intervention should be

weighed against the evolution of untreated valve disease and the

inherent risk of subsequent intervention.

• The choice of surgical technique/interventional procedure

should take into account the presence of the other

VHD.453,458,459,461

• When interventional procedures are considered, staged proce-

dures may be preferable in cases with aortic stenosis and mitral

regurgitation (see section 5.5). Improved 1-year survival after

combined transcatheter treatment of mitral and tricuspid regurgi-

tation has been reported compared to mitral regurgitation

alone.263 PMC may delay surgery, in situations such as severe

mitral stenosis associated with moderate aortic regurgitation.

The management of specific associations of VHD is detailed in the

individual sections of this document.

11 Prosthetic valves

11.1 Choice of prosthetic valve
Factors for valve selection are the patient’s life expectancy, lifestyle,

and environmental factors, bleeding and thromboembolic risks

related to anticoagulation, potential for surgical or transcatheter re-

intervention, and, importantly, informed patient preference.

Generally, biological heart valves (BHVs) should be preferred in

patients with shorter anticipated survival or comorbidities that may

lead to further surgical procedures, and those who are at increased

risk for bleeding complications. Thromboembolic complications are

less frequent in pregnant women with BHVs.

Recommendations for prosthetic valve selection

Recommendations Classa Levelb

Mechanical prostheses

A mechanical prosthesis is recommended

according to the desire of the informed patient

and if there are no contraindications to long-

term anticoagulation.c

I C

A mechanical prosthesis is recommended in

patients at risk of accelerated SVD.d
I C

A mechanical prosthesis should be considered in

patients already on anticoagulation because of a

mechanical prosthesis in another valve position.

IIa C

Continued

A mechanical prosthesis should be considered in

patients aged <60 years for prostheses in the

aortic position and aged <65 years for prosthe-

ses in the mitral position.462, 464 e

IIa B

A mechanical prosthesis should be considered in

patients with a reasonable life expectancy for

whom future redo valve surgery or TAVI (if

appropriate) would be at high risk.f

IIa C

A mechanical prosthesis may be considered in

patients already on long-term anticoagulation

due to the high risk for thromboembolism.f
IIb C

Biological prostheses

A bioprosthesis is recommended according to

the desire of the informed patient.
I C

A bioprosthesis is recommended when good-

quality anticoagulation is unlikely (adherence

problems, not readily available), contraindicated

because of high bleeding risk (previous major

bleed, comorbidities, unwillingness, adherence

problems, lifestyle, occupation) and in those

patients whose life expectancy is lower than the

presumed durability of the bioprosthesis.g

I C

A bioprosthesis is recommended in case of

reoperation for mechanical valve thrombosis

despite good long-term anticoagulant control.

I C

A bioprosthesis should be considered in patients

for whom there is a low likelihood and/or a low

operative risk of future redo valve surgery.

IIa C

A bioprosthesis should be considered in young

women contemplating pregnancy.
IIa C

A bioprosthesis should be considered in patients

aged >65 years for a prosthesis in the aortic

position or aged >70 years in a mitral position.

IIa C

A bioprosthesis may be considered in patients

already on long-term NOACs due to the high

risk for thromboembolism.466�469 f

IIb B

AF= atrial fibrillation; NOAC=non-vitamin K antagonist oral anticoagulant;

SVD= structural valve deterioration; TAVI = transcatheter aortic valve

implantation.
aClass of recommendation.
bLevel of evidence.
cIncreased bleeding risk because of comorbidities, adherence concerns or geo-

graphic, lifestyle or occupational conditions.
dYoung age (<40 years), hyperparathyroidism, haemodialysis.
eIn patients 60�65 years of age who should receive an aortic prosthesis and

those between 65 and 70 years of age in the case of mitral prosthesis, both valves

are acceptable and the choice requires careful analysis of factors other than age.
fRisk factors for thromboembolism are AF, previous unprovoked proximal deep

venous thromboembolism and/or symptomatic pulmonary embolism, hyper-

coagulable state, antiphospholipid antibody.
gLife expectancy should be estimated at >10 years according to age, sex, comor-

bidities, and country-specific life expectancy.
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In a nationwide observational study, patients aged 45 to 54 with

surgical aortic BHV implantation and those aged 40 to 70 years with

surgical mitral BHV implantation had a significantly higher 15-year

mortality than those with a mechanical heart valve (MHV). An analy-

sis of patients 55 to 64 years of age showed no difference in mortality

between aortic BHV and MHV prosthesis.462 However, an earlier

systematic review463 and a recent meta-analysis464 of studies com-

paring aortic MHVs and BHVs showed a significant mortality reduc-

tion with MHVs in patients <_60 and in those 50�70 years of age,

respectively. All these studies are limited by their predominantly

observational nature and missing information on the type of prosthe-

ses implanted. There is no new high-quality evidence supporting a

decrease in the established age cut-off for prosthesis selection.

The best aortic valve substitute for younger adults remains

unclear. In appropriately selected patients, replacement of the aortic

valve using an autograft may be performed, with long-term survival

rates and valve-related reoperation that are comparable to those

achieved with a MHV, but high expertise in aortic root surgery is

required.465 Strategies for patients with small aortic annulus include

root enlargement and use of stentless valves. Although the use of

sutureless and rapid-deployment aortic valves may reduce invasive-

ness, cross-clamp and cardiopulmonary bypass times, and potentially

lower perioperative complications of SAVR, there is a lack of a large-

scale randomized comparison on both short- and long-term safety,

efficacy, and haemodynamic performance of this approach against

conventional aortic valve replacement, which remains the gold stand-

ard of procedure.

11.2 Baseline assessment and follow-up
All patients with prosthetic valves require lifelong follow-up to detect

early deterioration in prosthetic function or ventricular function, or

progressive disease of another heart valve.314 Clinical assessment

should be performed yearly or as soon as possible if new cardiac

symptoms occur. TTE should be performed if any new symptoms

occur or if complications are suspected. After transcatheter, as well

as surgical implantation of a BHV, echocardiography, including meas-

urement of transprosthetic gradients, should be performed within

30 days after valve implantation (i.e. baseline), at 1 year, and annually

thereafter.470 TOE should be considered if TTE is of poor quality and

in all cases of suspected prosthetic dysfunction (especially if the pros-

thesis is in the mitral position) or endocarditis.314,471Cinefluoroscopy

for MHVs and CCT scanning provide useful additional information if

valve thrombus or pannus are suspected to impair valve function.314

11.3 Antithrombotic management
11.3.1 Mechanical prostheses

11.3.1.1 Postoperative anticoagulation management

MHVs require lifelong treatment with VKA guided by the INR.472,473

NOACs currently have no role in patients with MHVs.474 Treatment

with VKA should be started on the first postoperative day in combi-

nation with bridging therapy [with therapeutic doses of either unfrac-

tionated heparin (UFH) or off-label use of low-molecular-weight

heparin (LMWH)] until therapeutic INR is achieved.475 Similar safety

and efficacy outcomes have been reported following bridging with

either UFH or LMWH.476 Once a stable therapeutic INR is reached

for >_24 h, bridging can be discontinued. The postoperative risk of

thromboembolism peaks about 1 month after implantation, but risks

are substantially increased up to 6 months.477,478 Long-term preven-

tion of valve thrombosis and thromboembolism after MHV implanta-

tion involves effective antithrombotic medication and risk factor

modification for thromboembolism.479

11.3.1.2 Target international normalized ratio

Target INR should be based upon prosthesis thrombogenicity and

patient-related risk factors (Table 10).479 It is recommended to target

a median INR value rather than a range to avoid considering extreme

values in the target range as a valid target INR. High INR variability is

a strong independent predictor of adverse events after valve replace-

ment. Although some studies have supported lowering a target INR

for aortic MHVs,480,481 further evaluation in larger cohorts is war-

ranted before updating current recommendations. The use of self-

monitoring INR is associated with a lower rate of VKA-related com-

plications in all ages.482 In a trial of lower intensity warfarin plus

aspirin (INR 1.5�2.0) or standard warfarin plus aspirin (INR

2.0�3.0) after implantation of the On-X MHV in the aortic position,

the similar safety of the two approaches was partly attributed to use

of home INR monitoring and high degree of adherence among

patients.481 Patient’s education plays an important role for achieving

stable anticoagulation in the therapeutic range. Effective management

of patients with unstable INR requires frequent in-clinic testing and

dose titration. Because of the lack of good-quality evidence, pharma-

cogenetic testing cannot be recommended to guide the dosing of

VKAs.

11.3.1.3 Management of vitamin K antagonist (VKA) overdose and

bleeding

Bleeding increases exponentially with INR >4.5.483 In case of major

and/or life-threatening bleeding and in patients who need to undergo

urgent surgery, the VKA should be discontinued and 10 mg vitamin K

should be administrated by slow i.v. infusion and repeated every 12 h

if needed. Until the anticoagulation effect is reversed, administration

of prothrombin complex concentration (PCC) and/or fresh frozen

plasma (FFP) therapy should be initiated according to body weight

and pre-treatment INR. The efficacy should be monitored by re-

check of INR at 30 min and every 4�6 h until normalization. The

optimal time to restart anticoagulation should be discussed in relation

to location of the bleeding event and interventions performed to

stop bleeding and/or to treat an underlying cause.484

Table 10 Target international normalized ratio for
mechanical prostheses

Prosthesis thrombogenicity Patient-related risk factorsa

None �1 risk factor

Lowb 2.5 3.0

Mediumc 3.0 3.5

Highd 3.5 4.0

AF= atrial fibrillation; LVEF = left ventricular ejection fraction.
aMitral or tricuspid valve replacement; previous thromboembolism; AF; mitral

stenosis of any degree; LVEF <35%.
bCarbomedics, Medtronic Hall, ATS, Medtronic Open-Pivot, St Jude Medical,

Sorin Bicarbon.
cOther bileaflet valves with insufficient data.
dLillehei-Kaster, Omniscience, Starr-Edwards (ball-cage), Bjork-Shiley and other

tilting-disc valves.
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In the absence of bleeding, the use of PCC and/or FFP therapy is

not recommended and the decision to start vitamin K should be indi-

vidualized. In asymptomatic patients with INR >10, the VKA must be

stopped and oral vitamin K (2.5�5 mg) prescribed, while the INR

must be monitored on a daily base for 2 weeks. Multiple RCTs in

patients with INR between 4.5 and 10 suggest no difference in bleed-

ing events with vitamin K vs. placebo.483,485 Therefore, in such

patients, warfarin should be stopped temporarily, and a small dose of

oral vitamin K (1�2 mg) can be considered on an individual basis bal-

ancing between the risks. Finally, asymptomatic patients with INR

<4.5 require careful down-titration and/or skipping one or more

doses. In all patients with MHVs, VKAs must be resumed once the

INR achieves the therapeutic range or is slightly elevated.

11.3.1.4 Combination of oral anticoagulation (OAC) with antiplatelet

drugs

The addition of low-dose (75�100 mg) acetylsalicylic acid (ASA)

to VKA may reduce the incidence of thromboembolism at the

cost of bleeding.477 Therefore, addition of antiplatelets to VKAs

should be reserved for patients at very high risk of thromboembo-

lism where advantages clearly outweigh the risks.486,487 In patients

with thromboembolism despite adequate INR, low dose

(75�100mg) ASA should be added to VKAs. Management of oral

antithrombotic therapy in patients with CAD is summarized in

Supplementary Figure 2.

11.3.1.5 Interruption of anticoagulant therapy for planned invasive

procedures

In patients with MHVs, preoperative bridging with UFH or LMWH

before surgery imposes a risk of perioperative bleeding while inter-

rupting anticoagulation results in an increased risk of thromboembo-

lism.488 Therefore, anticoagulation in patients with MHVs undergoing

elective NCS requires careful management by multidisciplinary con-

sensus.478,489 For minor surgical procedures (e.g. dental, cataract,

skin incision) in which blood loss is usually small and easily controlled,

it is recommended that OAC is not interrupted. Major surgeries

require temporary interruption and therapeutic bridging with either

UFH or LMWH, aiming for an INR <1.5 (Supplementary Figure 3).

Fondaparinux should not be routinely used for bridging, but

may have a role in patients with history of heparin-induced

thrombocytopenia.490

11.3.2 Bioprostheses

11.3.2.1 Patients with no baseline indication to oral anticoagulation

(OAC)

Surgical bioprostheses: The optimal antithrombotic strategy early

after surgical implantation of an aortic BHV remains controversial

due to lack of high-quality evidence. Multiple observational studies

support the use of VKAs to reduce the risk of

thromboembolism.491�493 A small randomized trial found that VKA

for 3 months significantly increased major bleeding compared with

ASA, without reducing the rate of deaths or thromboembolic events,

but the statistical power was low for demonstrating a thrombotic

benefit.494 VKA for 3 months should be considered in all patients

with a mitral or tricuspid BHV and ASA or VKA should be considered

for 3 months after surgical implantation of an aortic bioprosthesis.

Transcatheter bioprostheses: A meta-analysis of three small RCTs

showed a significant increase in major or life-threatening bleeding

with dual antiplatelet therapy (DAPT) over ASA at 30 days, with no

difference in ischaemic outcomes.495 Consistently, the more recent

POPular TAVI trial (cohort A) found reduced bleeding and the com-

posite of bleeding or thromboembolic events with ASA compared

with DAPT.496 A randomized trial was halted prematurely due to

safety concerns with a rivaroxaban-based regimen as compared with

DAPT, including a higher risk of death or thromboembolic complica-

tions and a higher risk of bleeding.497 There is a lack of data on the

management of antithrombotic therapy after implantation of trans-

catheter mitral BHVs (e.g. valve-in-valve or valve-in-ring) for which 3

months of VKA is commonly prescribed.498

11.3.2.2 Patients with baseline indication to oral anticoagulation (OAC)

Surgical bioprostheses: OAC is recommended lifelong for patients

with surgical BHVs who have other indications for anticoagulation.

The evidence supporting the use of NOACs in preference to VKA

has increased since the publication of the 2017 VHD Guidelines. In

the RIVER trial, including patients with AF and a BHV in the mitral

position, the NOAC rivaroxaban was non-inferior to warfarin with

respect to a net benefit endpoint at 12 months.499 The benefit of

NOAC was consistent among subgroups. However, only 20% of

patients were enrolled in the trial before the third postoperative

month, which raises a note of caution and calls for additional data in

this particular subgroup. In the small ENAVLE trial (N= 220), includ-

ing patients with and without AF, edoxaban was non-inferior to war-

farin for preventing thromboembolism and the occurrence of major

bleeding in the first 3 months after aortic or mitral surgical biopros-

thetic valve implantation or repair, which warrants confirmation in

larger investigations.500

Recommendations for management of antithrombotic
therapy after prosthetic valve implantation or valve
repair in the perioperative and postoperative periods

Recommendations Classa Levelb

Management of antithrombotic therapy in the perioperative

period

It is recommended that VKAs are timely discon-

tinued prior to elective surgery to aim for an

INR <1.5.c
I C

Bridging of OAC, when interruption is needed, is

recommended in patients with any of the follow-

ing indications:

• Mechanical prosthetic heart valve.

• AF with significant mitral stenosis.

• AF with a CHA2DS2-VASc score >_3 for

women or 2 for men.d

• Acute thrombotic event within the previous 4

weeks.

• High acute thromboembolic risk.e

I C

Therapeutic doses of either UFH or subcutaneous

LMWH are recommended for bridging.476,504
I B

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

initiate the VKA on the first postoperative day.
I C

Continued.
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In patients who have undergone valve surgery

with an indication for postoperative therapeutic

bridging, it is recommended to start either UFH

or LMWH 12�24 h after surgery.

I C

In patients undergoing surgery, it is recom-

mended that aspirin therapy, if indicated, is main-

tained during the periprocedural period.

I C

In patients treated with DAPT after recent PCI

(within 1 month) who need to undergo heart

valve surgery in the absence of an indication for

OAC, it is recommended to resume the P2Y12

inhibitor postoperatively, as soon as there is no

concern over bleeding.

I C

In patients treated with DAPT after recent PCI

(within 1 month) who need to undergo heart

valve surgery in the absence of an indication for

OAC, bridging P2Y12 inhibitors with short-acting

glycoprotein IIb/IIIa inhibitors or cangrelor may

be considered.

IIb C

Patients with an indication to concomitant antiplatelet therapy

After uncomplicated PCI or ACS in patients

requiring long-term OAC, early cessation

(<_1 week) of aspirin and continuation of dual

therapy with OAC and a P2Y12 inhibitor (pref-

erably clopidogrel) for up to 6 months (or up to

12 months in ACS) is recommended if the risk

of stent thrombosis is low or if concerns about

bleeding risk prevail over concerns about risk of

stent thrombosis, irrespective of the type of

stent used.505�509

I B

Discontinuation of antiplatelet treatment in

patients treated with an OAC is recommended

after 12 months.74,510�512

I B

After uncomplicated PCI or ACS in patients

requiring both OAC and antiplatelet therapy, tri-

ple therapy with aspirin, clopidogrel and OAC

for longer than 1 week should be considered

when the risk of stent thrombosis outweighs the

risk of bleeding, with the total duration

(<_1 month) decided according to assessment of

these risks and clearly specified at hospital

discharge.

IIa C

In patients treated with a VKA (e.g. MHVs), clo-

pidogrel alone should be considered in selected

patients (e.g. HAS-BLED >_3 or ARC-HBR met

and low risk of stent thrombosis) for up to 12

months.512,513

IIa B

In patients requiring aspirin and/or clopidogrel in

addition to VKA, the dose intensity of VKA

should be considered and carefully regulated

with a target INR in the lower part of the rec-

ommended target range and a time in the thera-

peutic range >65�70%.505,514

IIa B

Surgical valve replacement

OAC using a VKA is recommended lifelong for

all patients with an MHV prosthesis.472,473
I B

Continued

For patients with a VKA, INR self-management is

recommended provided appropriate training and

quality control are performed.482
I B

OAC is recommended for patients undergoing

implantation of a surgical BHV who have other

indications for anticoagulation.f
I C

NOACs should be considered over VKA after 3

months following surgical implantation of a BHV

in patients with AF.74,499,500,515�518

IIa B

In patients with no baseline indications for OAC,

low-dose aspirin (75�100 mg/day) or OAC using

a VKA should be considered for the first 3 months

after surgical implantation of an aortic BHV.491,494

IIa B

In patients with no baseline indications for OAC,

OAC using a VKA should be considered for the

first 3 months after surgical implantation of a bio-

prosthesis in the mitral or tricuspid position.519,520

IIa B

The addition of low-dose aspirin (75�100mg/

day) to VKA may be considered in selected

patients with MHVs in case of concomitant athe-

rosclerotic disease and low risk of bleeding.

IIb C

The addition of low-dose aspirin (75�100 mg/

day) to VKA should be considered after throm-

boembolism despite an adequate INR.

IIa C

NOACs may be considered over VKA within 3

months following surgical implantation of a BHV

in mitral position in patients with AF.499
IIb C

NOACs are not recommended in patients with

a mechanical valve prosthesis.474
III B

Surgical valve repair

OAC with VKA should be considered during the

first 3 months after mitral and tricuspid repair.
IIa C

SAPT with low-dose ASA (75�100mg/day)

should be considered for the first 3months after

valve-sparing aortic surgery when there are no

other baseline indications to OAC.

IIa C

Transcatheter aortic valve implantation

OAC is recommended lifelong for TAVI patients

who have other indications for OAC.501 f
I B

Lifelong SAPT is recommended after TAVI in

patients with no baseline indication for

OAC.495,496,521
I A

Routine use OAC is not recommended after TAVI

in patients with no baseline indication for OAC.497
III B

ACS= acute coronary syndrome; AF = atrial fibrillation; ARC-HBR=Academic

Research Consortium � high bleeding risk; ASA= acetylsalicylic acid;

BHV= biological heart valve; DAPT= dual antiplatelet therapy;

INR= international normalized ratio; LMWH= low-molecular-weight heparin;

LV = left ventricle/left ventricular; PCI = percutaneous coronary intervention;

MHV=mechanical heart valve; NOAC=non-vitamin K antagonist oral anticoagu-

lant; OAC=oral anticoagulation; SAPT= single antiplatelet therapy;

TAVI = transcatheter aortic valve implantation; UFH= unfractionated heparin;

VKA= vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
c<_5 days for warfarin and <_3 days for acenocoumarol.
dCHA2DS2-VASc, congestive heart failure, hypertension, age >_75 (2 points), diabetes,

prior stroke (2 points) � vascular disease, age 65�74, sex category (female).
eLV apex thrombus, antithrombin 3 deficit and proteins C and/or S deficit.
fAF, venous thromboembolism, hypercoagulable state or, with a lesser degree of

evidence, severely impaired LV dysfunction (ejection fraction <35%).
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Transcatheter bioprostheses: In the POPular TAVI trial (cohort B),

the incidence of bleeding over a period of 1 month or 1 year was

lower with OAC than with OAC plus clopidogrel.501 OAC alone

was non-inferior to OAC plus clopidogrel with respect to ischaemic

events, but the non-inferiority margin was large. An observational

study suggested that there is a higher risk of ischaemic events at

1 year with NOACs compared with VKAs, after adjustment for

potential confounders.502 Randomized trials comparing NOACs vs.

VKAs are ongoing (NCT02943785, NCT02664649). Data on the

management of antithrombotic therapy after transcatheter mitral or

tricuspid valve implantation are scant.498

11.3.3 Valve repair

Observational data suggest comparable risk of thromboembolism

with ASA or VKAs following mitral valve repair,503 but randomized

data are lacking. The high incidence of new-onset AF and its recur-

rence, the thrombogenic tendency of the non-endothelialized repair

components, and a relatively high rate of patients who are resistant

to ASA establish VKAs as a preferable option for the initial period

(e.g. 3 months). However, the potential for bleeding complications in

the postoperative phase dictates careful patient selection.

The management of antithrombotic treatment after prosthetic

valve implantation or valve repair is summarized in the table of rec-

ommendations for management of antithrombotic therapy after

prosthetic valve implantation or valve repair and in Figure 9.

11.4 Management of prosthetic valve
dysfunction and complications
11.4.1 Structural valve deterioration

Definitions of SVD and bioprosthetic valve failure (BVF) were stand-

ardized by recent consensus.470,522 The comparative durability of

TAVI and SAVR BHVs must be ascertained at longer term.

Reversible causes of BVF (e.g. endocarditis, thrombosis) should be

excluded, and considerations on timing of dysfunction (e.g. for BHV

obstruction, mismatch in early phases, thrombosis in later phases)

and location of malfunction (e.g. endocarditis or SVD in case of cen-

tral regurgitation, endocarditis or anatomical/technical factors in case

Antithrombotic therapy for valve prostheses

Mechanical heart valve Bioprosthetic heart valve

Bridging anticoagulation with UFH or

LMWH (not required for minor surgeries)

(Class I)

IfVKA therapy interrupted for major

planned invasive procedure, minimize

time with subtherapeutic INR

Add low-dose ASA in

selected patients at

low risk of bleeding

(Class IIb)

CAD

VKA lifelong (Class I) MVR/TVR SAVR TAVI

Other indications for oral anticoagulation

OAC 

long-term

(Class I)

SAPT

long-term

(Class I)

OAC 

long-term

(Class I)

OAC 

long-term

(Class I)

SAPT or OAC 

for 3 months

(Class IIa)

OAC 

for 3 months

(Class IIa)

YN YN YN

Figure 9 Antithrombotic therapy for valve prostheses. AF= atrial fibrillation; ASA= acetylsalicylic acid; CAD=coronary artery disease; DAPT= dual

antiplatelet therapy; INR= international normalized ratio; LMWH= low-molecular-weight heparin; LV= left ventricle/left ventricular; MHV=mechanical

heart valve; MVR=mitral valve replacement or repair; OAC=oral anticoagulation; SAPT= single antiplatelet therapy; SAVR= surgical aortic valve

replacement; TAVI= transcatheter aortic valve implantation; TVR= tricuspid valve replacement or repair; UFH= unfractionated heparin; VKA= vitamin K

antagonist. Colour coding corresponds to class of recommendation.
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Suspicion of thrombosis

Management of left-sided obstructive and non-obstructive mechanical prosthetic thrombosis

Y

Echo (TTE + TOE/fluoroscopy)

Obstructive thrombosisa

Disappearance
or decrease
of thrombus

Recent inadequate

anticoagulation

Surgery immediately

available

High-risk

for surgery

Surgery Fibrinolysis Follow-up

i.v. UFH ± ASA SurgeryFibrinolysis

Success/failure

Non-obstructive thrombosis

Large thrombus

(≥ 10 mm)

Large thrombus

(≥ 10 mm)

Persistence of

thrombus or TE

Surgery

(or fibrinolysis if

surgery is high risk)

Optimize anticoagulation (follow-up)

Signs of TE

Critically ill

Thromboembolism

(clinical/cerebral imaging)

FAILURE

N

N Y

SUCCESS

YN YN

YN

Optimize

anticoagulation

YN

Follow-up

N Y

Optimize anticoagulation (follow-up)

YN

Persistence
of thrombus

Figure 10 Management of left-sided obstructive and non-obstructive mechanical prosthetic thrombosis. ASA= acetylsalicylic acid; CCT= cardiac com-

puted tomography; i.v. = intravenous; TOE= transoesophageal echocardiography; TE= thromboembolism; TTE= transthoracic echocardiography;

UFH= unfractionated heparin. Risk and benefits of both treatments should be individualized. The presence of a first-generation prosthesis is an incentive

to surgery. aRefer to recommendations for the imaging assessment of prosthetic heart valves. Evaluation generally includes TTE plus TOE or CCT and

occasionally fluoroscopy.

ESC/EACTS Guidelines 605

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rh

e
a
rtj/a

rtic
le

/4
3
/7

/5
6
1
/6

3
5
8
4
7
0
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

of paravalvular regurgitation) may reveal the most plausible underly-

ing cause and guide clinical decision making.

Percutaneous balloon interventions should be avoided in the treat-

ment of stenotic left-sided bioprostheses. Transcatheter valve-in-valve

implantation is an option for treating degenerated BHVs in patients

with increased surgical risk.227,523�525 Redo-TAVI is a safe and feasible

option in selected patients, but the risk of PPM in small valves and that

of coronary occlusion, as well the possibility for future access to the

coronary arteries need to be considered.229,526�528 Experience is

mostly in aortic BHVs and remains limited for BHVs in the mitral posi-

tion and even more so in the tricuspid position529�532 for which valve-

in-valve procedures may be reasonable in patients at increased surgical

risk.531,533 Valve-in-ring mitral procedures are also acceptable in

selected candidates, while the role of valve-in-ring tricuspid procedures

remains uncertain. It is necessary for the Heart Team to discuss every

patient and choose the best individualized approach. Careful pre-

procedural planning is needed to minimize the risk of coronary artery

obstruction and enable future coronary re-access in aortic BHV re-

interventions if necessary. For mitral re-interventions the risk of LVOT

obstruction should be carefully evaluated.534

11.4.2 Non-structural valve dysfunction

11.4.2.1 Patient-prosthesis mismatch

Patient-prosthesis mismatch (PPM) significantly decreases long-term

survival, correlates with SVD and increases readmission rates for

both heart failure and reoperation.535�537 Efforts to prevent PPM

should receive more emphasis to improve long-term survival after

either SAVR or TAVI.538

11.4.2.2 Paravalvular leak and haemolysis

Blood tests for haemolysis should be part of routine follow-up after

valve replacement. Diagnosis of haemolytic anaemia requires TOE to

detect paravalvular leaks for prostheses in the mitral position if TTE

is not contributory. Reoperation is recommended if the paravalvular

leak is related to endocarditis or causes haemolysis requiring

repeated blood transfusions or leading to severe symptoms.

Transcatheter closure of a paravalvular leak is feasible, but experi-

ence is limited and there is presently no conclusive evidence to show

consistent efficacy.539 Transcatheter closure of paravalvular leaks

should be considered for anatomically suitable paravalvular leaks in

candidates selected by the Heart Team.540Medical therapy (including

iron supplementation, beta-blockers, and erythropoietin) is indicated

in patients with severe haemolytic anaemia when contraindications

to surgical or transcatheter closure are present.540

11.4.3 Endocarditis

The management of patients with endocarditis should follow the rel-

evant guidelines.4

11.4.4 Thrombosis

11.4.4.1 General comments

Obstructive valve thrombosis should be suspected promptly in any

patient with any type of prosthetic valve who presents with recent dysp-

noea or an embolic event. The diagnosis should be confirmed by TTE

and TOE, cinefluoroscopy, or CCT if promptly available.268,314 Valve

thrombosis occurs mainly in MHVs. However, cases of thrombosis of

BHVs have also been reported after surgery or transcatheter valve

implantation.541 Thrombus on BHVs can present as hypo-attenuated

leaflet thickening (HALT) with relatively normal leaflet motion, HALT

with reduced leaflet motion but normal gradients, and clinical valve

thrombosis with elevated gradients. Distinguishing between thrombus

and pannus bymeans of CCT is important to guide decisionmaking.

11.4.4.2 Valve thrombosis

Themanagement of MHVs thrombosis is high risk, whatever the option

taken. Fibrinolysis carries risks of bleeding, systemic embolism, and

recurrent thrombosis.542 Emergency valve replacement is recom-

mended for obstructive prosthetic valve thrombosis in critically ill

patients without a contraindication to surgery. Management of non-

obstructive thrombosis of an MHV depends 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 anticoagulation.543 Fibrinolysis may be considered if surgery is

not an option or is very high risk for the treatment of thrombosis of

right-sided prostheses, but carries a risk of bleeding and thromboembo-

lism. Anticoagulation using a VKA and/or UFH is the first-line treatment

of BHV thrombosis. Because BHV thrombosis is associated with recur-

rence and early prosthetic degeneration, indefinite anticoagulation

should be considered after a confirmed episode, but this strategy must

be balanced against an increased risk of bleeding544,545 (Figure 10).

11.4.4.3 Subclinical leaflet thrombosis

HALT is detected by CCT in 12.4% and 32.4% of TAVI patients on

OAC or DAPT at 3 months, respectively.546 The clinical significance

of these findings is uncertain. Selective use of oral anticoagulants in

patients with confirmed HALT and restricted leaflet motion with ele-

vated gradients should be considered.

11.4.5 Heart failure

Heart failure after valve surgery should lead to a quick search for

SVD or PPM, deterioration of repair, LV dysfunction, or progression

of another valve disease. Non-valvular-related causes such as CAD,

hypertension, or sustained arrhythmias should also be considered.

The management of patients with heart failure should follow the rele-

vant guidelines and consensus documents.142,247

Recommendations on management of prosthetic valve
dysfunction

Recommendations Classa Levelb

Mechanical prosthetic thrombosis

Urgent or emergency valve replacement is rec-

ommended for obstructive thrombosis in crit-

ically ill patients without serious comorbidity.542
I B

Fibrinolysis (using recombinant tissue plasmino-

gen activator 10 mg bolus þ 90mg in 90min

with UFH or streptokinase 1 500 000U in 60min

without UFH) should be considered when sur-

gery is not available or is very high risk, or for

thrombosis of right-sided prostheses.542

IIa B

Continued
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12 Management during non-
cardiac surgery

Cardiovascular morbidity and mortality are increased in patients with

VHD who undergo NCS. Symptomatic severe aortic stenosis or

mitral stenosis may require valve replacement or percutaneous inter-

vention before NCS. A detailed description of recommendations in

the setting is available in specific ESCGuidelines.489

12.1 Preoperative evaluation
Patient and surgical specific factors dictate the strategy.489,548,549 The

cardiologist provides recommendations on pre- and perioperative

management, surveillance, and continuation of chronic cardiovascular

medical treatment. Echocardiography should be performed in any

patient with VHD requiring NCS. Determination of functional

capacity is a pivotal step in preoperative risk assessment, measured

either by ability to perform activities in daily life or by exercise test.

The decision for management should be taken after multidisciplinary

discussion involving cardiologists, surgeons, and cardiac anaesthesiol-

ogists, as well as the teamwhowill be in charge of NCS.

Patients receiving anticoagulation treatment should be managed as

discussed in section 11.

12.2 Specific valve lesions
12.2.1 Aortic stenosis

In patients with severe aortic stenosis, urgent NCS should be per-

formed under careful haemodynamic monitoring. In case of high risk

of NCS, balloon valvuloplasty may be considered before NCS.549

Management related to elective NCS depends on the presence of

symptoms and the type of surgery.489,549�553 In symptomatic

patients, aortic valve procedure should be considered before NCS.

The type of procedure, TAVI or SAVR, is decided by the Heart

Team. In asymptomatic patients, elective NCS, if at low to moderate

risk, can be performed safely, albeit with a risk of worsening heart fail-

ure.489,552,553 If NCS implies large volume shifts, aortic valve proce-

dure (TAVI or SAVR) should be considered first according to the

Heart Team’s decision (Figure 11).

12.2.2 Mitral stenosis

NCS can be performed safely in patients with non-significant mitral

stenosis (valve area >1.5 cm2) and in asymptomatic patients with sig-

nificant mitral stenosis and an SPAP <50 mmHg. In symptomatic

patients or in patients with SPAP >50 mmHg, correction of mitral

stenosis, by means of PMC whenever possible, should be attempted

before NCS if it is high risk.

12.2.3 Aortic and mitral regurgitation

NCS can be performed safely in asymptomatic patients with severe

mitral regurgitation or aortic regurgitation and preserved LV func-

tion. The presence of symptoms or LV dysfunction should lead to

consideration of valvular surgery, but this is seldom needed before

NCS. If LV dysfunction is severe (ejection fraction <30%) and/or

SPAP is >50/60 mmHg, NCS should be performed only if strictly nec-

essary and after optimization of medical therapy for heart failure.

12.3 Perioperative monitoring
Heart rate control (particularly in mitral stenosis) and careful fluid

management (particularly in aortic stenosis) are needed. TOE moni-

toring may be considered.

13 Management during pregnancy

Detailed guidelines on the management of cardiovascular disease during

pregnancy are available in another document.554 The decision for

Surgery should be considered for large

(>10 mm) non-obstructive prosthetic thrombus

complicated by embolism.

IIa C

Bioprosthetic thrombosis

Anticoagulation using a VKA and/or UFH is rec-

ommended in bioprosthetic valve thrombosis

before considering re-intervention.

I C

Anticoagulation should be considered in patients

with leaflet thickening and reduced leaflet

motion leading to elevated gradients, at least

until resolution.541,546

IIa B

Haemolysis and paravalvular leak

Reoperation is recommended if a paravalvular

leak is related to endocarditis or causes haemol-

ysis requiring repeated blood transfusions or

leading to severe heart failure symptoms.

I C

Transcatheter closure should be considered for

suitable paravalvular leaks with clinically signifi-

cant regurgitation and/or haemolysis in patients

at high or prohibitive surgical risk.547

IIa B

Decision on transcatheter or surgical closure of

clinically significant paravalvular leaks should be

considered based on patient risk status, leak

morphology, and local expertise.

IIa C

Bioprosthetic failure

Reoperation is recommended in symptomatic

patients with a significant increase in transpros-

thetic gradient (after exclusion of valve throm-

bosis) or severe regurgitation.

I C

Transcatheter, transfemoral valve-in-valve

implantation in the aortic position should be

considered by the Heart Team depending on

anatomic considerations, features of the pros-

thesis, and in patients who are at high operative

risk or inoperable.529

IIa B

Transcatheter valve-in-valve implantation in the

mitral and tricuspid position may be considered

in selected patients at high risk for surgical re-

intervention.382,531,532

IIb B

Reoperation should be considered in asympto-

matic patients with significant prosthetic dys-

function if reoperation is low risk.

IIa C

UFH=unfractionated heparin; VKA= vitamin K antagonist.
aClass of recommendation.
bLevel of evidence.
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management before and during pregnancy should be taken after multi-

disciplinary discussion in the pregnancy Heart Team involving cardiolo-

gists, cardiac surgeons, obstetricians, neonatologists, and

anaesthesiologists.

13.1 Management before pregnancy
Valve disease should be evaluated before pregnancy and treated if

necessary.554,555

Pregnancy should be discouraged, and intervention should be rec-

ommended before pregnancy in the following cases:

• Patients with mitral stenosis and a valve area <1.5 cm2 (especially

if <1.0 cm2).554,556

• All symptomatic patients with severe AS or asymptomatic

patients with impaired LV function (LVEF <50%) or an abnormal

exercise test should be counselled against pregnancy, and surgery

should be performed pre-pregnancy.554,557

• Women with Marfan syndrome and an aortic diameter >45 mm

should be strongly discouraged from becoming pregnant without

prior aortic repair because of the high risk of aortic dissection.

Although an aortic diameter <40 mm is rarely associated with

aortic dissection, a completely safe diameter does not exist. With

an aortic diameter between 40 and 45 mm, previous aortic growth

and family history are important for advising pregnancy with or

without aortic repair.558 Although the actual risk of dissection is

not well documented in the setting of bicuspid valves, counselling

against pregnancy is recommended in the setting of aortic diame-

ters >50 mm (>27 mm2 BSA).559 Finally, an aortic diameter

>25 mm/m2 BSA in Turner syndrome and all patients with vascular

Ehlers-Danlos syndrome are also contraindications for pregnancy.

In women considering pregnancy and requiring heart valve

replacement, it is recommended to choose the prosthesis in consul-

tation with a pregnancy Heart Team.554,560

Pregnancy in women with a mechanical valve, especially in the

mitral position, is associated with a high risk of maternal and foetal

complications,554,561 which should be carefully discussed with the

patient and family.

13.2 Management during pregnancy
13.2.1 Patients with native valve disease

Moderate or severe mitral stenosis with a valve area <1.5 cm2 in

pregnant women is usually poorly tolerated. PMC should be consid-

ered in severely symptomatic patients [New York Heart Association

(NYHA) class III�IV] and/or those with SPAP >50 mmHg despite

optimal therapy. PMC should preferably be performed after the 20th

week of pregnancy in experienced centres.554

Urgent or elective NCS

Management of non-cardiac surgery (NCS) in patients with severe aortic stenosis

Patient risk for

AV procedure

(TAVI/SAVR)

Risk of NCS

Heart Team decision:

SAVR or TAVI

NCS under strict

monitoring
NCS

Consider BAV before

NCS if doable, or NCS

under strict monitoring

HIGH LOW

Risk of NCS

Symptoms

HIGH

Y

HIGH LOW-MODERATE

ELECTIVEURGENT

N

Figure 11 Management of non-cardiac surgery (NCS) in patients with severe aortic stenosis. AV= aortic valve; BAV=balloon aortic valvuloplasty;

NCS=non cardiac surgery; SAVR= surgical aortic valve replacement; TAVI = transcatheter aortic valve implantation.
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In patients who are severely symptomatic despite medical therapy,

BAV for severe aortic stenosis can be undertaken by an experienced

operator.557 TAVI is a promising alternative, but experience during

pregnancy is very limited.554

Surgery under cardiopulmonary bypass is associated with a foetal

mortality rate of 15�56%562 and should be restricted to the rare

conditions that threaten the mother’s life if transcatheter interven-

tion is not possible or has failed. Valve replacement should be consid-

ered after early delivery by caesarean section.

Caesarean section is recommended for patients with severe mitral

or aortic stenosis, ascending aortic diameter >45 mm, severe pulmo-

nary hypertension, or if delivery starts while treated with a VKA or

<2 weeks after discontinuation of a VKA.

13.2.2 Mechanical prosthesis

It is recommended to manage pregnancy in patients with MHV in a

centre with a pregnancy Heart Team.554

Therapeutic anticoagulation during pregnancy is of utmost impor-

tance to avoid complications in these patients, keeping in mind that

no anticoagulation regimen is ideal and management will require a

careful balance between maternal and foetal risks.

In patients requiring <5 mg/day warfarin, oral anticoagulants

throughout pregnancy and a change to UFH before delivery is fav-

oured. In patients requiring higher doses, switching to LMWH during

the first trimester with strict anti-Xa monitoring (therapeutic range

0.8�1.2 IU/mL, aortic valve prosthesis; and 1.0�1.2 IU/mL, mitral

and right sided valve prosthesis) and the use of oral anticoagulants

afterwards is favoured with a change to UFH before delivery.554

14 Key messages

General comments

1. Precise evaluation of the patient’s history and symptomatic sta-

tus, as well as proper physical examination, are crucial for the diagno-

sis and management of VHD.

2. Echocardiography is the key technique to diagnose VHD and

assess its severity and prognosis. Other non-invasive investigations

such as CMR, CCT, fluoroscopy, and biomarkers provide important

additional information in selected patients. Stress testing should be

widely used in asymptomatic patients. Invasive investigation, beyond

preoperative coronary angiography, is restricted to situations where

non-invasive evaluation is inconclusive.

3. Decision making in elderly patients requires the integration of

multiple parameters, including estimation of life expectancy and

anticipated quality of life, evaluation of comorbidities, and general

condition (including frailty).

4. Decision making in asymptomatic patients weighs the risk of

intervention against the expected natural history of VHD. Stress test-

ing should be liberally performed.

5. Informed patient’s expectations and values are an important

part of the decision-making process.

6. Interventions (surgery or transcatheter) are indicated in sympto-

matic patients (spontaneous or exercise induced) in the absence of

futility. In selected asymptomatic patients, presence of predictors of

rapid symptom progression justifies early intervention when proce-

dural risk is low.

7. Heart Valve Centres with multidisciplinary Heart Teams, Heart

Valve Clinics, comprehensive equipment, and sufficient volumes of

procedures are required to deliver high-quality care and provide

adequate training.

8. Careful follow-up of symptomatic status, LV/RV size, and func-

tion is mandatory in asymptomatic patients with severe VHD if an

intervention is not yet indicated.

9. In patients with AF, NOACs are contraindicated in patients with

clinically significant mitral stenosis or mechanical valves. For stroke

prevention in patients who are eligible for OAC, NOACs are recom-

mended in preference to VKAs in patients with aortic stenosis, aortic

and mitral regurgitation, or aortic bioprostheses >3 months after

implantation.

Aortic regurgitation

10. The evaluation of aortic regurgitation requires careful assess-

ment of potentially associated aortic dilatation to guide the timing

and type of surgery.

Aortic stenosis

11. Diagnosis of severe aortic stenosis requires integrative evalua-

tion of pressure gradients (the most robust measurements), AVA,

extent of valve calcification, flow conditions, and LV function.

12. Selection of the most appropriate mode of intervention by the

Heart Team should take into account clinical characteristics (age and

estimated life expectancy, general condition), anatomical characteris-

tics, the relative risks of SAVR and TAVI, the feasibility of transfe-

moral TAVI, local experience and outcome data, as well as informed

patient preference.

Mitral regurgitation

13. Regarding imaging, routine quantification of EROA is an im-

portant part of the integrative evaluation for quantification and risk

stratification in patients with PMR. 3D transoesophageal echocar-

diography is more accurate than 2D echocardiography for defining

the underlying mechanism of PMR. CMR is useful when echocardio-

graphic evaluation of severe PMR grade is inconclusive.

14. Surgical mitral valve repair is the preferred method of treat-

ment in PMR if a durable repair can be achieved. TEER is a safe but

less efficacious alternative that may be considered in patients with

contraindications for surgery or high operative risk.

15. In patients with severe SMR, GDMT (including CRT if indicated)

should be the first step. If the patient remains symptomatic: mitral sur-

gery is recommended concomitantly in patients with an indication for

CABG or other cardiac surgery. Isolated valve surgery may be consid-

ered in selected patients. TEER should be considered in patients not

eligible for surgery and fulfilling criteria indicating an increased chance

of responding to the treatment. Circulatory support devices, cardiac

transplantation, or palliative care should be considered as an alterna-

tive in patients with end-stage LV and/or RV failure.

Mitral stenosis

16. PMC is currently the standard of care in patients with severe

rheumatic mitral stenosis and favourable valve anatomy.

17. Decision making as to the type of intervention used in

patients with unfavourable anatomy is still a matter of debate and

must take into account the multifactorial nature of predicting the

results of PMC.
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Tricuspid regurgitation

18. Relevant tricuspid regurgitation requires early intervention to

avoid secondary damage of the RV.

19. Tricuspid regurgitation should be liberally treated at the time

of left-sided valve surgery. Isolated surgery of severe secondary tri-

cuspid regurgitation (with or without previous left-sided valve sur-

gery) requires comprehensive assessment of the underlying disease,

pulmonary haemodynamics, and RV function.

Prosthetic valves

20. The choice between a mechanical prosthesis and a bioprosthesis

should be patient-centred and multifactorial based on patient charac-

teristics, the indication for lifelong anticoagulation, the potential and

risks of a re-intervention, and the informed patient preference.

21. Clinical assessment of prosthetic valves should be performed

yearly and as soon as possible if new cardiac symptoms occur.

15 Gaps in evidence

Important gaps in evidence exist in the following aspects of VHD:

General comments

1. Prognostic value of CMR-derived indices in patients with aortic

regurgitation, aortic stenosis, and mitral regurgitation.

2. Tools for risk stratification for the decision for intervention

(including the avoidance of futile interventions) and the choice of the

type of intervention (TAVI vs. SAVR for aortic stenosis, repair vs.

replacement for mitral and aortic regurgitation).

3. In asymptomatic patients with aortic regurgitation, aortic steno-

sis, and mitral regurgitation, identification and evaluation of earlier

markers of LV dysfunction (biomarkers, imaging, multimodality) as

well as longitudinal and translational studies on progression.

4. Gender issues regarding pathophysiology, indications, and timing

of treatment.

5. Minimum volumes of procedures that are required to achieve

optimal results of intervention.

6. Safety and efficacy of NOACs in patients with surgical or trans-

catheter bioprostheses in the first 3 months after implantation.

7. Patient education for shared decision making and timely

evaluation.

8. Systematic epidemiological data addressing the burden of rheu-

matic heart disease.

9. Advocacy of VHD.

Aortic regurgitation

10. Potential differences in the risk of aortic complications depend-

ing on subtypes of aortic aneurysms (site and morphology), as well as

in patients with bicuspid aortic valves.

11. Further evaluation of surgical aortic valve repair.

Aortic stenosis

12. Pathophysiology of progression and novel therapeutic targets

for medical treatment.

13. Further research to evaluate the role of intervention:

a. Long-term durability of transcatheter heart valves in comparison

with surgical bioprostheses.

b. Role of intervention (SAVR or TAVI) in asymptomatic patients.

c. Role of TAVI in younger low-risk patients, patients with aortic steno-

sis affecting bicuspid valves, and patients with moderate aortic steno-

sis and LV impairment.

d. Results of re-intervention (valve or coronary) after TAVI or SAVR.

e. The role of revascularization in patients with severe aortic stenosis

and asymptomatic concomitant CAD.

Mitral regurgitation

14. Association between PMR and sudden cardiac death and ven-

tricular arrhythmias.

15. Role of genetic testing to mitral valve prolapse.

16. Further evaluation of the role of intervention:

a. Long-term results of transcatheter intervention.

b. Indications of transcatheter intervention in patients with severe PMR

at lower surgical risk.

c. Potential impact of mitral valve intervention (surgery and catheter

intervention) on survival in patients with SMR.

d. Selection of criteria to identify responders to TEER for SMR (severity

criteria, concept of ‘disproportionatemitral regurgitation’).

e. The role of newer transcatheter treatment options (annuloplasty,

combined repair techniques, valve replacement).

Mitral stenosis

17. Scores predicting the results and complications of PMC, partic-

ularly that of severe mitral regurgitation.

18. Role of transcatheter mitral valve implantation in high-risk

patients, particularly in patients with severe degenerative mitral

stenosis and MAC.

Tricuspid regurgitation

19. Quantification of tricuspid regurgitation severity and evaluation

of RV function.

20. Further research to evaluate the role of intervention:

a. Criteria for optimal timing of surgery in primary tricuspid regurgitation.

b. Evidence on the clinical impact, timing, and treatment modality of

isolated severe secondary tricuspid regurgitation.

c. Criteria for concomitant tricuspid valve surgery at the time of left-

sided surgery in patients without severe tricuspid regurgitation.

d. Results and indications of transcatheter tricuspid valve treatment.

Combined andmulti-valve diseases

21. Further evaluation of the impact on outcomes and modalities

of transcatheter intervention to better define the indications for

intervention.

Pregnancy

22. Optimal management of pregnant women with MHVs regard-

ing antithrombotic regimens.

Non-cardiac surgery

23. Evaluation of the role of ‘urgent TAVI’ in the management of

patients with severe aortic stenosis undergoing NCS.

ESC/EACTS Guidelines610
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16 To Do and Not To Do

Recommendations Classa Levelb

Recommendations for management of CAD in patients with VHD

Diagnosis of CAD

Coronary angiography is recommended before valve surgery in patients with severe VHD and any of the following:

• History of cardiovascular disease.

• Suspected myocardial ischaemia.

• LV systolic dysfunction.

• In men >40 years of age and postmenopausal women.

• One or more cardiovascular risk factors.

I C

Coronary angiography is recommended in the evaluation of severe SMR. I C

Indications for myocardial revascularization

CABG is recommended in patients with a primary indication for aortic/mitral/tricuspid valve surgery and coronary

artery diameter stenosis >_70%.
I C

Recommendations on management of atrial fibrillation in patients with native VHD

Anticoagulation

For stroke prevention in AF patients who are eligible for OAC, NOACs are recommended in preference to VKAs in

patients with aortic stenosis, aortic and mitral regurgitation.
I A

The use of NOACs is not recommended in patients with AF and moderate to severe mitral stenosis. III C

Recommendations on indications for surgery in (A) severe aortic regurgitation and (B) aortic root or tubular ascending aortic aneur-

ysm (irrespective of the severity of aortic regurgitation)

A) Severe aortic regurgitation

Surgery is recommended in symptomatic patients regardless of LV function. I B

Surgery is recommended in asymptomatic patients with LVESD >50mm or LVESD >25mm/m2 BSA (in patients with

small body size) or resting LVEF <_50%.
I B

Surgery is recommended in symptomatic and asymptomatic patients with severe aortic regurgitation undergoing

CABG or surgery of the ascending aorta or of another valve.
I C

B) Aortic root or tubular ascending aortic aneurysm (irrespective of the severity of aortic regurgitation)

Valve-sparing aortic root replacement is recommended in young patients with aortic root dilation, if performed in

experienced centres and durable results are expected.
I B

Ascending aortic surgery is indicated in patients with Marfan syndrome who have aortic root disease with a maximal

ascending aortic diameter >_50mm.
I C

Recommendations on indications for intervention in symptomatic (A) and asymptomatic (B) aortic stenosis and recommended mode

of intervention (C)

A) Symptomatic aortic stenosis

Intervention is recommended in symptomatic patients with severe, high-gradient aortic stenosis [mean gradient

>_40mmHg, peak velocity >_4.0m/s and valve area <_1.0 cm2 (or <_0.6 cm2/m2)].
I B

Intervention is recommended in symptomatic patients with severe low-flow (SVi <_35 mL/m2), low-gradient

(<40mmHg) aortic stenosis with reduced ejection fraction (<50%) and evidence of flow (contractile) reserve.
I B

Intervention is not recommended in patients with severe comorbidities when the intervention is unlikely to improve

quality of life or prolong survival >1 year.
III C

B) Asymptomatic patients with severe aortic stenosis

Intervention is recommended in asymptomatic patients with severe aortic stenosis and systolic LV dysfunction (LVEF

<50%) without another cause.
I B

Intervention is recommended in asymptomatic patients with severe aortic stenosis and demonstrable symptoms on

exercise testing.
I C

C) Mode of intervention

Aortic valve interventions must be performed in Heart Valve Centres that declare their local expertise and outcomes

data, have active interventional cardiology and cardiac surgical programmes on site, and a structured collaborative

Heart Team approach.

I C

Continued

ESC/EACTS Guidelines 611
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The choice between surgical and transcatheter intervention must be based upon careful evaluation of clinical, anatomi-

cal, 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.

I C

SAVR is recommended in younger patients who are low risk for surgery (<75 years and STS-PROM/ EuroSCORE II

<4%), or in patients who are operable and unsuitable for transfemoral TAVI.
I B

TAVI is recommended in older patients (>_75 years), or in those who are high risk (STS-PROM/EuroSCORE II >8%)

or unsuitable for surgery.
I A

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

characteristics.
I B

D) Concomitant aortic valve surgery at the time of other cardiac/ascending aorta surgery

SAVR is recommended in patients with severe aortic stenosis undergoing CABG or surgical intervention on the

ascending aorta or another valve.
I C

Recommendations on indications for intervention in severe primary mitral regurgitation

Mitral valve repair is the recommended surgical technique when the results are expected to be durable. I B

Surgery is recommended in symptomatic patients who are operable and not high risk. I B

Surgery is recommended in asymptomatic patients with LV dysfunction (LVESD >_40 mm and/or LVEF <_60%). I B

Recommendations on indications for mitral valve intervention in chronic severe secondary mitral regurgitation

Valve surgery/intervention is recommended only in patients with severe SMR who remain symptomatic despite

GDMT (including CRT if indicated) and has to be decided by a structured collaborative Heart Team.
I B

Patients with concomitant coronary artery or other cardiac disease requiring treatment

Valve surgery is recommended in patients undergoing CABG or other cardiac surgery. I B

Recommendations on indications for percutaneous mitral commissurotomy and mitral valve surgery in clinically significant (moderate

or severe) mitral stenosis (valve area �1.5 cm2)

PMC is recommended in symptomatic patients without unfavourable characteristics for PMC. I B

PMC is recommended in any symptomatic patients with a contraindication or a high risk for surgery. I C

Mitral valve surgery is recommended in symptomatic patients who are not suitable for PMC in the absence of futility. I C

Recommendations on indications for intervention in tricuspid valve disease

Recommendations on tricuspid stenosis

Surgery is recommended in symptomatic patients with severe tricuspid stenosis. I C

Surgery is recommended in patients with severe tricuspid stenosis undergoing left-sided valve intervention. I C

Recommendations on primary tricuspid regurgitation

Surgery is recommended in patients with severe primary tricuspid regurgitation undergoing left-sided valve surgery. I C

Surgery is recommended in symptomatic patients with isolated severe primary tricuspid regurgitation without severe

RV dysfunction.
I C

Recommendations on secondary tricuspid regurgitation

Surgery is recommended in patients with severe secondary tricuspid regurgitation undergoing left-sided valve surgery. I B

Recommendations for prosthetic valve selection

Mechanical prostheses

A mechanical prosthesis is recommended according to the desire of the informed patient and if there are no contrain-

dications to long-term anticoagulation.
I C

A mechanical prosthesis is recommended in patients at risk of accelerated SVD. I C

Biological prostheses

A bioprosthesis is recommended according to the desire of the informed patient. I C

A bioprosthesis is recommended when good-quality anticoagulation is unlikely (adherence problems, not readily avail-

able), contraindicated because of high bleeding risk (previous major bleed, comorbidities, unwillingness, adherence

problems, lifestyle, occupation), and in those patients whose life expectancy is lower than the presumed durability of

the bioprosthesis.

I C

A bioprosthesis is recommended in case of reoperation for mechanical valve thrombosis despite good long-term anti-

coagulant control.
I C

Continued
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Recommendations for perioperative and postoperative antithrombotic management of valve replacement or repair

Management of antithrombotic therapy in the perioperative period

It is recommended that VKAs are timely discontinued prior to elective surgery to aim for an INR <1.5. I C

Bridging of OAC, when interruption is needed, is recommended in patients with any of the following indications:

• Mechanical prosthetic heart valve.

• AF with significant mitral stenosis.

• AF with a CHA2DS2-VASc score >_3 for women or 2 for men.

• Acute thrombotic event within the previous 4 weeks.

• High acute thromboembolic risk.

I C

Therapeutic doses of either UFH or subcutaneous LMWH are recommended for bridging. I B

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

In patients who have undergone valve surgery with an indication for postoperative therapeutic bridging, it is recom-

mended to start either UFH or LMWH 12�24 h after surgery.
I C

In patients undergoing surgery, it is recommended that aspirin therapy, if indicated, is maintained during the periproce-

dural period.
I C

In patients treated with DAPT after recent PCI (within 1 month) who need to undergo heart valve surgery in the

absence of an indication for OAC, it is recommended to resume the P2Y12 inhibitor postoperatively as soon as there

is no concern over bleeding.

I C

Patients with an indication to concomitant antiplatelet therapy

After uncomplicated PCI or ACS in patients requiring long-term OAC, early cessation (<_1 week) of aspirin and con-

tinuation of dual therapy with OAC and a P2Y12 inhibitor (preferably clopidogrel) for up to 6 months (or up to

12 months in ACS) is recommended if the risk of stent thrombosis is low or if concerns about bleeding risk prevail

over concerns about risk of stent thrombosis, irrespective of the type of stent used.

I B

Discontinuation of antiplatelet treatment in patients treated with an OAC is recommended after 12 months. I B

Surgical valve replacement

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

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

performed.
I B

OAC is recommended for patients undergoing implantation of a surgical BHV who have other indications for

anticoagulation.
I C

NOACs are not recommended in patients with an MHV. III B

Transcatheter aortic valve implantation

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

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

Routine use of OAC is not recommended after TAVI in patients who have no baseline indication for OAC. III B

Recommendations on management of prosthetic valve dysfunction

Mechanical prosthetic thrombosis

Urgent or emergency valve replacement is recommended for obstructive thrombosis in critically ill patients without

serious comorbidity.
I B

Bioprosthetic thrombosis

Anticoagulation using a VKA and/or UFH is recommended in bioprosthetic valve thrombosis before considering re-

intervention.
I C

Haemolysis and paravalvular leak

Reoperation is recommended if a paravalvular leak is related to endocarditis or causes haemolysis requiring repeated

blood transfusions or leading to severe heart failure symptoms.
I C

Bioprosthetic failure

Reoperation is recommended in symptomatic patients with a significant increase in transprosthetic gradient (after

exclusion of valve thrombosis) or severe regurgitation.
I C

ACS= acute coronary syndrome; AF = atrial fibrillation; BHV= biological heart valve; BSA= body surface area; CABG= coronary artery bypass grafting; CAD= coronary artery

disease; CRT= cardiac resynchronization therapy; DAPT= dual antiplatelet therapy; EuroSCORE= European System for Cardiac Operative Risk Evaluation; GDMT= guideline-

directed medical therapy; h = hours; INR= international normalized ratio; LMWH= low-molecular-weight heparin; LV = left ventricle/left ventricular; LVEF = left ventricular

ejection fraction; LVESD= left ventricular end-systolic diameter; MHV=mechanical heart valve; MR=mitral regurgitation; NOAC=non-vitamin K antagonist oral anticoagulant;

OAC=oral anticoagulation; PCI = percutaneous coronary intervention; PMC=percutaneous mitral commissurotomy; RV= right ventricle/right ventricular; SAPT = single anti-

platelet therapy; SAVR= surgical aortic valve replacement; SMR= secondary mitral regurgitation; STS-PROM=Society of Thoracic Surgeons � predicted risk of mortality;

SVD= structural valve deterioration; SVi = stroke volume index; TAVI = transcatheter aortic valve implantation; UFH=unfractionated heparin; VHD= valvular heart disease;

VKA= vitamin K antagonist.
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17 Supplementary data

Supplementary Data with additional Supplementary figures, tables, and

text complementing the full text are available on the European Heart

Journal website and via the ESC website at https://www.escardio.org/

guidelines.
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