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Abbreviations and acronyms

	ACE
	angiotensin-converting enzyme

	AF
	atrial ﬁbrillation

	aPTT
	activated partial thromboplastin time

	AR
	aortic regurgitation

	ARB
	angiotensin receptor blockers

	AS
	aortic stenosis

	AVR
	aortic valve replacement

	BNP
	B-type natriuretic peptide

	BSA
	body surface area

	CABG
	coronary artery bypass grafting

	CAD
	coronary artery disease

	CMR
	cardiac magnetic resonance

	CPG
	Committee for Practice Guidelines

	CRT
	cardiac resynchronization therapy

	CT
	computed tomography

	EACTS
	European Association for Cardio-Thoracic Surgery

	ECG
	electrocardiogram

	EF
	ejection fraction

	EROA
	effective regurgitant oriﬁce area

	ESC
	European Society of Cardiology

	EVEREST
	(Endovascular Valve Edge-to-Edge REpair STudy)

	HF
	heart failure

	INR
	international normalized ratio

	LA
	left atrial

	LMWH
	low molecular weight heparin

	LV
	left ventricular

	LVEF
	left ventricular ejection fraction

	LVEDD
	left ventricular end-diastolic diameter

	LVESD
	left ventricular end-systolic diameter

	MR
	mitral regurgitation

	MS
	mitral stenosis

	MSCT
	multi-slice computed tomography

	NYHA
	New York Heart Association

	PISA
	proximal isovelocity surface area

	PMC
	percutaneous mitral commissurotomy

	PVL
	paravalvular leak

	RV
	right ventricular

	rtPA
	recombinant tissue plasminogen activator

	SVD
	structural valve deterioration






	STS
	Society of Thoracic Surgeons

	TAPSE
	tricuspid annular plane systolic excursion

	TAVI
	transcatheter aortic valve implantation

	TOE
	transoesophageal echocardiography

	TR
	tricuspid regurgitation

	TS
	tricuspid stenosis

	TTE
	transthoracic echocardiography

	UFH
	unfractionated heparin

	VHD
	valvular heart disease

	3DE
	three-dimensional echocardiography



1. Preamble

Guidelines summarize and evaluate all evidence available, at the time of the writing process, on a particular issue with the aim of assisting physicians in selecting the best management strategies for an individual patient with a given condition, taking into account the impact on outcome, as well as the risk-beneﬁt-ratio of particular diagnostic or therapeutic means. Guidelines are not substitutes for-, but complements to, textbooks and cover the ESC Core Curriculum topics. Guidelines and recommendations should help physicians to make decisions in their daily practice. However, the ﬁnal decisions concerning an individual patient must be made by the responsible physician(s).

A great number of guidelines have been issued in recent years by the European Society of Cardiology (ESC) as well as by other societies and organisations. 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 web site (http://www.escardio.org/guidelines-surveys/esc-guidelines/about/ Pages/rules-writing.aspx). ESC Guidelines represent the ofﬁcial position of the ESC on a given topic and are regularly updated.

Members of this Task Force were selected by the ESC and European Association for Cardio-Thoracic Surgery (EACTS) 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 diagnosis, management and/or prevention of a given condition, according to ESC Committee for Practice Guidelines (CPG) and EACTS policy. A critical evaluation of diagnostic and therapeutic procedures was performed, including assessment of the risk–beneﬁt ratio. Estimates of expected health outcomes for larger populations were included, where data exist. The levels of evidence and the strengths of recommendation of particular treatment options were weighed and graded according to predeﬁned scales, as outlined in Tables 1 and 2.

The experts of the writing and reviewing panels ﬁlled in Declarations of Interest forms dealing with activities which might be perceived as real or potential sources of conﬂicts of interest. These forms were compiled into one ﬁle and can be found on the ESC web site (http://www.escardio.org/guidelines). Any changes in declarations of interest that arise during the writing period must be notiﬁed to the ESC and EACTS and updated. The Task Force
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Table 1 Classes of recommendations

	 
	 
	 
	 

	Classes of
	Deﬁnition
	Suggested wording to use
	 

	recommendations
	 

	 
	 
	 

	Class I
	Evidence and/or general agreement
	Is recommended/is
	 

	 
	that a given treatment or procedure
	indicated
	 

	 
	is beneﬁcial, useful, effective.
	 
	 

	Class II
	Conﬂicting evidence and/or a
	 
	 

	 
	divergence of opinion about the
	 
	 

	 
	usefulness/efﬁcacy of the given
	 
	 

	 
	treatment or procedure.
	 
	 

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

	 
	favour of usefulness/efﬁcacy.
	 
	 

	Class IIb
	Usefulness/efﬁcacy is less well
	May be considered
	 

	 
	established by evidence/opinion.
	 
	 

	Class III
	Evidence or general agreement that
	Is not recommended
	 

	 
	the given treatment or procedure
	 
	 

	 
	is not useful/effective, and in some
	 
	 

	 
	cases may be harmful.
	 
	 

	 
	 
	 
	 

	 
	 
	 
	 







Table 2 Levels of evidence

		Level of
	Data derived from multiple randomized

		evidence A
	clinical trials or meta-analyses.

		Level of
	Data derived from a single randomized

		clinical trial or large non-randomized

		evidence B

		studies.

		 

		Level of
	Consensus of opinion of the experts and/

		or small studies, retrospective studies,

		evidence C

		registries.

		 

		 
	 

		 
	 



received its entire ﬁnancial support from the ESC and EACTS, without any involvement from the healthcare industry.

The ESC CPG, in collaboration with the Clinical Guidelines Committee of EACTS, supervises and co-ordinates the preparation of these new Guidelines. The Committees are also responsible for the endorsement process of these Guidelines. The ESC/EACTS Guidelines undergo extensive review by the CPG, the Clinical Guidelines Committee of EACTS and external experts. After appropriate revisions, it is approved by all the experts involved in the Task Force. The ﬁnalized document is approved by the CPG for publication in the European Heart Journal and the European Journal of Cardio-Thoracic Surgery.

After publication, dissemination of the message is of paramount importance. Pocket-sized versions and personal digital assistant (PDA) downloadable versions are useful at the point of care. Some surveys have shown that the intended end-users are sometimes unaware of the existence of guidelines, or simply do not translate them into practice, so this is why implementation programmes for new guidelines form an important component of




the dissemination of knowledge. Meetings are organized by the ESC and EACTS and directed towards their member National Societies and key opinion-leaders in Europe. Implementation meetings can also be undertaken at national levels, once the guidelines have been endorsed by the ESC and EACTS member societies and translated into the national language. Implementation programmes are needed because it has been shown that the outcome of disease may be favourably inﬂuenced by the thorough application of clinical recommendations.

Thus the task of writing these Guidelines covers not only the integration of the most recent research, but also the creation of educational tools and implementation programmes for the recommendations. The loop between clinical research, writing of guidelines and implementing them into clinical practice can only then be completed if surveys and registries are performed to verify that real-life daily practice is in keeping with what is recommended in the guidelines. Such surveys and registries also make it possible to evaluate the impact of implementation of the guidelines on patient outcomes. The guidelines do not, however, override the individual responsibility of health professionals to make appropriate decisions in the circumstances of the individual patient, in consultation with that patient and—where appropriate and necessary—the patient’s guardian or carer. It is also the health professional’s responsibility to verify the rules and regulations applicable to drugs and devices at the time of prescription.

2. Introduction

2.1 Why do we need new guidelines on valvular heart disease?

Although valvular heart disease (VHD) is less common in industrialized countries than coronary artery disease (CAD), heart failure
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(HF), or hypertension, guidelines are of interest in this ﬁeld because VHD is frequent and often requires intervention.1,2 Decision-making for intervention is complex, since VHD is often seen at an older age and, as a consequence, there is a higher frequency of comorbidity, contributing to increased risk of intervention.1,2 Another important aspect of contemporary VHD is the growing proportion of previously-operated patients who present with further problems.1 Conversely, rheumatic valve disease still remains a major public health problem in developing countries, where it predominantly affects young adults.3

When compared with other heart diseases, there are few trials in the ﬁeld of VHD and randomized clinical trials are particularly scarce.

Finally, data from the Euro Heart Survey on VHD,4,5 conﬁrmed by other clinical trials, show that there is a real gap between the existing guidelines and their effective application.6 – 9

We felt that an update of the existing ESC guidelines,8 published in 2007, was necessary for two main reasons:

†Firstly, new evidence was accumulated, particularly on risk stratiﬁcation; in addition, diagnostic methods—in particular echocardiography—and therapeutic options have changed due to further development of surgical valve repair and the introduction of percutaneous interventional techniques, mainly transcatheter aortic valve implantation (TAVI) and percutaneous edge-to-edge valve repair. These changes are mainly related to patients with aortic stenosis (AS) and mitral regurgitation (MR).

†Secondly, the importance of a collaborative approach between cardiologists and cardiac surgeons in the management of patients with VHD—in particular when they are at increased perioperative risk—has led to the production of a joint document by the ESC and EACTS. It is expected that this joint effort will provide a more global view and thereafter facilitate implementation of these guidelines in both communities.

2.2Contents of these guidelines

These guidelines focus on acquired VHD, are oriented towards management, and do not deal with endocarditis or congenital valve disease, including pulmonary valve disease, since recent guidelines have been produced by the ESC on these topics.10,11 Finally, these guidelines are not intended to include detailed information covered in ESC Guidelines on other topics, the ESC Association/Working Group’s recommendations, position statements and expert consensus papers and the speciﬁc sections of the

ESC Textbook of Cardiovascular Medicine.12

2.3 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 availability of diagnostic equipment, 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, due 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.

3. General comments

The aims of the evaluation of patients with VHD are to diagnose, quantify and assess the mechanism of VHD, as well as its consequences. The consistency between the results of diagnostic investigations and clinical ﬁndings should be checked at each step in the decision-making process. Decision-making should ideally be made by a ‘heart team’ with a particular expertise in VHD, including cardiologists, cardiac surgeons, imaging specialists, anaesthetists and, if needed, general practitioners, geriatricians, or intensive care specialists. This ‘heart team’ approach is particularly advisable in the management of high-risk patients and is also important for other subsets, such as asymptomatic patients, where the evaluation of valve repairability is a key component in decision-making.

Decision-making can be summarized according to the approach described in Table 3.

Finally, indications for intervention—and which type of intervention should be chosen—rely mainly on the comparative assessment of spontaneous prognosis and the results of intervention according to the characteristics of VHD and comorbidities.

Table 3 Essential questions in the evaluation of a patient for valvular intervention

•Is valvular heart disease severe?

•Does the patient have symptoms?

•Are symptoms related to valvular disease?

•What are patient life expectancya and expected quality of life?

•Do the expected beneﬁts of intervention (vs. spontaneous outcome) outweigh its risks?

•What are the patient's wishes?

•Are local resources optimal for planned intervention?

aLife expectancy should be estimated according to age, gender, comorbidities and country-speciﬁc life expectancy.

3.1 Patient evaluation

3.1.1 Clinical evaluation

The aim of obtaining a case history is to assess symptoms and to evaluate for associated comorbidity. The patient is questioned on his/her lifestyle to detect progressive changes in daily activity in order to limit the subjectivity of symptom analysis, particularly in the elderly. In chronic conditions, adaptation to symptoms occurs: this also needs to be taken into consideration. Symptom development is often a driving indication for intervention. Patients who currently deny symptoms, but have been treated for HF, should be classiﬁed as symptomatic. The reason for—and degree of—functional limitation should be documented in the records. In the presence of comorbidities it is important to consider the cause of the symptoms.
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Questioning the patient is also important in checking the quality of follow-up, as well as the effectiveness of prophylaxis for endocarditis and, where appropriate, rheumatic fever. In patients receiving chronic anticoagulant therapy, it is necessary to assess the compliance with treatment and look for evidence of thromboembolism or bleeding.

Clinical examination plays a major role in the detection of VHD in asymptomatic patients. It is the ﬁrst step in the deﬁnitive diagnosis of VHD and the assessment of its severity, keeping in mind that a low-intensity murmur may co-exist with severe VHD, particularly in the presence of HF. In patients with heart valve prostheses it is necessary to be aware of any change in murmur or prosthetic valve sounds.

An electrocardiogram (ECG) and a chest X-ray are usually carried out in conjunction with a clinical examination. Besides cardiac enlargement, analysis of pulmonary vascularization on the chest X-ray is essential when interpreting dyspnoea or clinical signs of HF.13

3.1.2 Echocardiography

Echocardiography is the key technique used to conﬁrm the diagnosis of VHD, as well as to assess its severity and prognosis. It should be performed and interpreted by properly trained personnel.14 It is indicated in any patient with a murmur, unless no suspicion of valve disease is raised after the clinical evaluation.

The evaluation of the severity of stenotic VHD should combine the assessment of valve area with ﬂow-dependent indices such as mean pressure gradient and maximal ﬂow velocity (Table 4).15 Flow-dependent indices add further information and have a prognostic value.

The assessment of valvular regurgitation should combine different indices including quantitative measurements, such as the vena contracta and effective regurgitant oriﬁce area (EROA), which is less dependent on ﬂow conditions than colour Doppler jet size (Table 5).16,17 However, all quantitative evaluations have limitations. In particular, they combine a number of measurements and are highly sensitive to errors of measurement, and are highly operator-dependent; therefore, their use requires experience and integration of a number of measurements, rather than reliance on a single parameter.

Thus, when assessing the severity of VHD, it is necessary to check consistency between the different echocardiographic measurements, as well as the anatomy and mechanisms of VHD. It is also necessary to check their consistency with the clinical assessment.

Echocardiography should include a comprehensive evaluation of all valves, looking for associated valve diseases, and the aorta.

Indices of left ventricular (LV) enlargement and function are strong prognostic factors. While diameters allow a less complete assessment of LV size than volumes, their prognostic value has been studied more extensively. LV dimensions should be indexed to body surface area (BSA). The use of indexed values is of particular interest in patients with a small body size but should be avoided in patients with severe obesity (body mass index .40 kg/m2). Indices derived from Doppler tissue imaging and strain assessments seem to be of potential interest for the detection of early impairment of LV function but lack validation of their prognostic value for clinical endpoints.




Table 4 Echocardiographic criteria for the deﬁnition of severe valve stenosis: an integrative approach

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	Aortic
	Mitral
	Tricuspid
	 

	 
	 
	stenosis
	stenosis
	stenosis
	 

	 
	 
	 
	 
	 
	 

	 
	Valve area (cm²)
	<1.0
	<1.0
	–
	 

	 
	 
	 
	 
	 
	 

	 
	Indexed valve area (cm²/m² BSA)
	<0.6
	–
	–
	 

	 
	 
	 
	 
	 
	 

	 
	Mean gradient (mmHg)
	>40a
	>10b
	≥5
	 

	 
	 
	 
	 
	 
	 

	 
	Maximum jet velocity (m/s)
	>4.0a
	–
	–
	 

	 
	 
	 
	 
	 
	 

	 
	Velocity ratio
	<0.25
	–
	–
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 



BSA ¼ body surface area.

aIn patients with normal cardiac output/transvalvular ﬂow.

bUseful in patients in sinus rhythm, to be interpreted according to heart rate. Adapted from Baumgartner et al.15

Finally, the pulmonary pressures should be evaluated, as well as right ventricular (RV) function.18

Three-dimensional echocardiography (3DE) is useful for assessing anatomical features which may have an impact on the type of intervention chosen, particularly on the mitral valve.19

Transoesophageal echocardiography (TOE) should be considered when transthoracic echocardiography (TTE) is of suboptimal quality or when thrombosis, prosthetic dysfunction, or endocarditis is suspected. Intraprocedural TOE enables us to monitor the results of surgical valve repair or percutaneous procedures. High-quality intraoperative TOE is mandatory when performing valve repair. Three-dimensional TOE offers a more detailed examination of valve anatomy than two-dimensional echocardiography and is useful for the assessment of complex valve problems or for monitoring surgery and percutaneous intervention.

3.1.3 Other non-invasive investigations

3.1.3.1 Stress testing

Stress testing is considered here for the evaluation of VHD and/or its consequences, but not for the diagnosis of associated CAD. Predictive values of functional tests used for the diagnosis of CAD may not apply in the presence of VHD and are generally not used in this setting.20

Exercise ECG

The primary purpose of exercise testing is to unmask the objective occurrence of symptoms in patients who claim to be asymptomatic or have doubtful symptoms. Exercise testing has an additional value for risk stratiﬁcation in AS.21 Exercise testing will also determine the level of authorised physical activity, including participation in sports.

Exercise echocardiography

Exercise echocardiography may provide additional information in order to better identify the cardiac origin of dyspnoea—which is a rather unspeciﬁc symptom—by showing, for example, an increase in the degree of mitral regurgitation/aortic gradient and in systolic pulmonary pressures. It has a diagnostic value in transient ischaemic MR, which may be overlooked in investigations at
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	Table 5 Echocardiographic criteria for the deﬁnition of severe valve regurgitation: an integrative approach
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	Aortic regurgitation
	Mitral regurgitation
	Tricuspid regurgitation
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Qualitative
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Valve morphology
	Abnormal/ﬂail/large coaptation
	Flail leaﬂet/ruptured papillary muscle/
	Abnormal/ﬂail/large coaptation
	 
	 

	 
	 
	 
	defect
	large coaptation defect
	defect
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Colour ﬂow regurgitant jet
	Large in central jets, variable in
	Very large central jet or eccentric jet
	Very large central jet or eccentric
	 
	 

	 
	 
	 
	eccentric jetsa
	adhering, swirling, and reaching the
	wall impinging jeta
	 

	 
	 
	 
	 
	posterior wall of the left atrium
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	CW signal of regurgitant jet
	Dense
	Dense/triangular
	 
	Dense/triangular with early peaking
	 
	 

	 
	 
	 
	 
	 
	 
	 
	(peak <2 m/s in massiveTR)
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Other
	Holodiastolic ﬂow reversal in
	Large ﬂow convergence zonea
	–
	 
	 

	 
	 
	 
	descending aorta (EDV >20 cm/s)
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Semiquantitative
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Vena contracta width (mm)
	>6
	≥7 (>8 for biplane)b
	≥7a
	 
	 

	 
	 
	Upstream vein ﬂowc
	–
	Systolic pulmonary vein ﬂow reversal
	Systolic hepatic vein ﬂow reversal
	 
	 

	 
	 
	Inﬂow
	–
	E-wave dominant ≥1.5 m/sd
	E-wave dominant ≥1 m/se
	 
	 

	 
	 
	Other
	Pressure half-time <200 msf
	TVI mitral/TVI aortic >1.4
	PISA radius >9 mmg
	 
	 

	 
	 
	Quantitative
	 
	Primary
	 
	Secondaryh
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	EROA (mm²)
	≥30
	≥40
	 
	≥20
	≥40
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	RVol (ml/beat)
	≥60
	≥60
	 
	≥30
	≥45
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	+ enlargement of cardiac chambers/vessels
	LV
	LV, LA
	 
	 
	RV, RA, inferior vena cava
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



CW ¼ continuous wave; EDV ¼ end-diastolic velocity; EROA ¼ effective regurgitant oriﬁce area; LA ¼ left atrium; LV ¼ left ventricle; PISA ¼ proximal isovelocity surface area;

	a
	 
	¼
	right atrium; RV
	¼
	right ventricle; R Vol
	¼
	regurgitant volume; TR
	¼
	tricuspid regurgitation; TVI
	¼
	time–velocity integral.

	RA
	 
	 
	 
	 
	 

	 
	At a Nyquist limit of 50–60 cm/s.
	 
	 
	 
	 
	 
	 

	bFor average between apical fourand two-chamber views.
	 
	 
	 
	 

	cUnless other reasons for systolic blunting (atrial ﬁbrillation, elevated atrial pressure).
	 
	 



dIn the absence of other causes of elevated left atrial pressure and of mitral stenosis.

eIn the absence of other causes of elevated right atrial pressure.  fPressure half-time is shortened with increasing left ventricular diastolic pressure, vasodilator therapy, and in patients with a dilated compliant aorta, or lengthened in chronic aortic regurgitation.

gBaseline Nyquist limit shift of 28 cm/s.

hDifferent thresholds are used in secondary MR where an EROA .20mm2 and regurgitant volume .30 ml identify a subset of patients at increased risk of cardiac events. Adapted from Lancellotti et al.16,17





rest. The prognostic impact of exercise echocardiography has been mainly shown for AS and MR. However, this technique is not widely accessible, could be technically demanding, and requires speciﬁc expertise.

Other stress tests

The search for ﬂow reserve (also called contractile reserve) using low-dose dobutamine stress echocardiography is useful for assessing severity and operative risk stratiﬁcation in AS with impaired LV function and low gradient.22

3.1.3.2 Cardiac magnetic resonance

In patients with inadequate echocardiographic quality or discrepant results, cardiac magnetic resonance (CMR) should be used to assess the severity of valvular lesions—particularly regurgitant lesions—and to assess ventricular volumes and systolic function, as CMR assesses these parameters with higher reproducibility than echocardiography.23

CMR is the reference method for the evaluation of RV volumes and function and is therefore useful to evaluate the consequences




of tricuspid regurgitation (TR). In practice, the routine use of CMR is limited because of its limited availability, compared with echocardiography.

3.1.3.3 Computed tomography

Multi-slice computed tomography (MSCT) may contribute to the evaluation of the severity of valve disease, particularly in AS, either indirectly by quantifying valvular calciﬁcation, or directly through the measurement of valve planimetry.24,25 It is widely used to assess the severity and location of an aneurysm of the ascending aorta. Due to its high negative predictive value, MSCT may be useful in excluding CAD in patients who are at low risk of atherosclerosis.25 MSCT plays an important role in the work-up of high-risk patients with AS considered for TAVI.26,27 The risk of radiation exposure—and of renal failure due to contrast injection—should, however, be taken into consideration.

Both CMR and MSCT require the involvement of radiologists/ cardiologists with special expertise in VHD imaging.28
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3.1.3.4 Fluoroscopy

Fluoroscopy is more speciﬁc than echocardiography for assessing valvular or annular calciﬁcation. It is also useful for assessing the kinetics of the occluders of a mechanical prosthesis.

3.1.3.5 Radionuclide angiography

Radionuclide angiography provides a reliable and reproducible evaluation of LV ejection fraction (LVEF) in patients in sinus rhythm. It could be performed when LVEF plays an important role in decision-making, particularly in asymptomatic patients with valvular regurgitation.

3.1.3.6 Biomarkers

B-type natriuretic peptide (BNP) serum level has been shown to be related to functional class and prognosis, particularly in AS and MR.29 Evidence regarding its incremental value in risk stratiﬁcation remains limited so far.

3.1.4 Invasive investigations

Coronary angiography

Coronary angiography is widely indicated for the detection of associated CAD when surgery is planned (Table 6).20 Knowledge of coronary anatomy contributes to risk stratiﬁcation

Table 6 Management of coronary artery disease in patients with valvular heart disease

	 
	 
	Class a
	Level b
	 

	 
	Diagnosis of coronary artery disease
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Coronary angiographyc is recommended
	 
	 
	 

	 
	before valve surgery in patients with severe
	 
	 
	 

	 
	valvular heart disease and any of the following:
	 
	 
	 

	 
	• history of coronary artery disease
	 
	 
	 

	 
	• suspected myocardial ischaemiad
	I
	C
	 

	 
	• left ventricular systolic dysfunction
	 
	 
	 

	 
	• in men aged over 40 years and
	 
	 
	 

	 
	postmenopausal women
	 
	 
	 

	 
	• ≥1 cardiovascular risk factor.
	 
	 
	 

	 
	Coronary angiography is recommended
	 
	 
	 

	 
	in the evaluation of secondary mitral
	I
	C
	 

	 
	regurgitation.
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Indications for myocardial revascularization
	 
	 

	 
	 
	 
	 
	 

	 
	CABG is recommended in patients with a
	 
	 
	 

	 
	primary indication for aortic/mitral valve
	I
	C
	 

	 
	surgery and coronary artery diameter
	 

	 
	 
	 
	 

	 
	stenosis ≥70%.e
	 
	 
	 

	 
	CABG should be considered in patients
	 
	 
	 

	 
	with a primary indication for aortic/mitral
	IIa
	C
	 

	 
	valve surgery and coronary artery diameter
	 

	 
	 
	 
	 

	 
	stenosis ≥50–70%.
	 
	 
	 

	 
	 
	 
	 
	 



CABG ¼ coronary artery bypass grafting. aClass of recommendation.

bLevel of evidence.

cMulti-slice computed tomography may be used to exclude coronary artery

disease in patients who are at low risk of atherosclerosis. dChest pain, abnormal non-invasive testing.

e≥50% can be considered for left main stenosis. Adapted from Wijns et al.20




and determines if concomitant coronary revascularization is indicated.

Coronary angiography can be omitted in young patients with no atherosclerotic risk factors (men ,40 years and premenopausal women) and in rare circumstances when its risk outweighs beneﬁt, e.g. in acute aortic dissection, a large aortic vegetation in front of the coronary ostia, or occlusive prosthetic thrombosis leading to an unstable haemodynamic condition.

Cardiac catheterization

The measurement of pressures and cardiac output or the performance of ventricular angiography or aortography are restricted to situations where non-invasive evaluation is inconclusive or discordant with clinical ﬁndings. Given its potential risks, cardiac catheterization to assess haemodynamics should not be done routinely with coronary angiography.

3.1.5 Assessment of comorbidity

The choice of speciﬁc examinations to assess comorbidity is directed by the clinical evaluation. The most frequently encountered comorbidities are peripheral atherosclerosis, renal and hepatic dysfunction, and chronic obstructive pulmonary disease. Speciﬁc validated scores enable the assessment of cognitive and functional capacities which have important prognostic implications in the elderly. The expertise of geriatricians is particularly helpful in this setting.

3.2 Endocarditis prophylaxis

The indication for antibiotic prophylaxis has been signiﬁcantly reduced in the recent ESC guidelines.10 Antibiotic prophylaxis should be considered for high-risk procedures in high-risk patients, such as patients with prosthetic heart valves or prosthetic material used for valve repair, or in patients with previous endocarditis or congenital heart disease according to current ESC guidelines. However, the general role of prevention of endocarditis is still very important in all patients with VHD, including good oral hygiene and aseptic measures during catheter manipulation or any invasive procedure, in order to reduce the rate of healthcare-associated infective endocarditis.

3.3 Prophylaxis for rheumatic fever

In patients with rheumatic heart disease, long-term prophylaxis against rheumatic fever is recommended, using penicillin for at least 10 years after the last episode of acute rheumatic fever, or until 40 years of age, whichever is the longest. Lifelong prophylaxis should be considered in high-risk patients according to the severity of VHD and exposure to group A streptococcus.30

3.4 Risk stratiﬁcation

Several registries worldwide have consistently shown that, in current practice, therapeutic intervention for VHD is underused in high-risk patients with symptoms, for reasons which are often unjustiﬁed. This stresses the importance of the widespread use of careful risk stratiﬁcation.31

In the absence of evidence from randomized clinical trials, the decision to intervene in a patient with VHD relies on an individual risk-beneﬁt analysis suggesting that improvement of prognosis, as
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	Table 7 Operative mortality after surgery for valvular heart disease
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	EACTS (2010)
	STS (2010)
	UK (2004–2008)
	Germany (2009)
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Aortic valve replacement,
	2.9
	3.7
	2.8
	2.9
	 
	 

	 
	 
	no CABG (%)
	(40 662)
	(25 515)
	(17 636)
	(11 981)
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Aortic valve replacement
	5.5
	4.5
	5.3
	6.1
	 
	 

	 
	 
	+ CABG (%)
	(24 890)
	(18 227)
	(12 491)
	(9113)
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Mitral valve repair, no CABG (%)
	2.1
	1.6
	2
	2
	 
	 

	 
	 
	(3231)
	(7293)
	(3283)
	(3335)
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Mitral valve replacement,
	4.3
	6.0
	6.1
	7.8
	 
	 

	 
	 
	no CABG (%)
	(6838)
	(5448)
	(3614)
	(1855)
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Mitral valve repair/replacement
	6.8/11.4
	4.6/11.1
	8.3/11.1
	6.5/14.5
	 
	 

	 
	 
	+CABG (%)
	(2515/1612)
	(4721/2427)
	(2021/1337)
	(1785/837)
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 



( ) ¼ number of patients; CABG ¼ coronary artery bypass grafting; EACTS ¼ European Association for Cardiothoracic Surgery;32 STS ¼ Society of Thoracic Surgeons (USA). Mortality for STS includes ﬁrst and redo interventions;33 UK ¼ United Kingdom;34 Germany.35





compared with natural history, outweighs the risk of intervention (Table 7) and its potential late consequences, particularly prosthesis-related complications.32 – 35

Operative mortality can be estimated by various multivariable scoring systems using combinations of risk factors.36 The two most widely used scores are the EuroSCORE (European System for Cardiac Operative Risk Evaluation; www.euroscore.org/ calc.html) and the STS (Society of Thoracic Surgeons) score (http://209.220.160.181/STSWebRiskCalc261/), the latter having the advantage of being speciﬁc to VHD but less user-friendly than the EuroSCORE. Other speciﬁc scoring systems have also been developed for VHD.37,38 Different scores provide relatively good discrimination (difference between highand low-risk patients) but lack accuracy in estimating operative mortality in individual patients, due to unsatisfactory calibration (difference between expected and observed risk).39 Calibration is poor in high-risk patients, with an overestimation of the operative risk, in particular with the Logistic EuroSCORE.40,41 This underlines the importance of not relying on a single number to assess patient risk, nor to determine unconditionally the indication and type of intervention. The predictive performance of risk scores may be improved by the following means: repeated recalibration of scores over time, as is the case for STS and EuroSCORE with the EuroSCORE II—addition of variables, in particular indices aimed at assessing functional and cognitive capacities and frailty in the elderly—design of separate risk scores for particular subgroups, like the elderly or patients undergoing combined valvular and coronary surgery.42

Similarly, speciﬁc scoring systems should be developed to predict outcome after transcatheter valve interventions.

Natural history of VHD should ideally be derived from contemporary series but no scoring system is available in this setting. Certain validated scoring systems enable a patient’s life expectancy to be estimated according to age, comorbidities, and indices of cognitive and functional capacity.43 Expected quality of life should also be considered.

Local resources should also be taken into account, in particular the availability of valve repair, as well as outcomes after




surgery and percutaneous intervention in the speciﬁed centre.44 Depending on local expertise, patient transfer to a more specialised centre should be considered for procedures such as complex valve repair.45

Finally, a decision should be reached through the process of shared decision-making, ﬁrst by a multidisciplinary ‘heart team’ discussion, then by informing the patient thoroughly, and ﬁnally

by deciding with the patient and family which treatment option is optimal.46

3.5 Management of associated conditions

3.5.1 Coronary artery disease

The use of stress tests to detect CAD associated with severe VHD is discouraged because of their low diagnostic value and potential risks.

A summary of the management of associated CAD is given in Table 6 and detailed in speciﬁc guidelines.20

3.5.2 Arrhythmias

Oral anticoagulation with a target international normalized ratio (INR) of 2 to 3 is recommended in patients with native VHD and any type of atrial ﬁbrillation (AF), taking the bleeding risk into account.47 A higher level of anticoagulation may be necessary in speciﬁc patients with valve prostheses (see Section 11). The substitution of vitamin K antagonists by new agents is not recommended, because speciﬁc trials in patients with VHD are not available. Except in cases where AF causes haemodynamic compromise, cardioversion is not indicated before intervention in patients with severe VHD, as it does not restore a durable sinus rhythm. Cardioversion should be attempted soon after successful intervention, except in long-standing chronic AF.

In patients undergoing valve surgery, surgical ablation should be considered in patients with symptomatic AF and may be considered in patients with asymptomatic AF, if feasible with minimal risk.47 The decision should be individualized according to clinical variables, such as age, the duration of AF, and left atrial (LA) size.

No evidence supports the systematic surgical closure of the LA appendage, unless as part of AF ablation surgery.
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4. Aortic regurgitation

Aortic regurgitation (AR) can be caused by primary disease of the aortic valve leaﬂets and/or abnormalities of the aortic root geometry. The latter entity is increasingly observed in patients operated on for pure AR in Western countries. Congenital abnormalities, mainly bicuspid morphology, are the second most frequent ﬁnding.1,12,48 The analysis of the mechanism of AR inﬂuences patient management, particularly when valve repair is considered.

4.1 Evaluation

Initial examination should include a detailed clinical evaluation. AR is diagnosed by the presence of a diastolic murmur with the appropriate characteristics. Exaggerated arterial pulsations and low diastolic pressure represent the ﬁrst and main clinical signs for quantifying AR. In acute AR, peripheral signs are attenuated, which contrasts with a poor clinical status.12

The general principles for the use of non-invasive and invasive investigations follow the recommendations made in the General comments (Section 3).

The following are speciﬁc issues in AR:

†Echocardiography is the key examination in the diagnosis and quantiﬁcation of AR severity, using colour Doppler (mainly

vena contracta) and pulsed-wave Doppler (diastolic ﬂow reversal in the descending aorta).16,49 Quantitative Doppler echocardi-

ography, using the analysis of proximal isovelocity surface

area, is less sensitive to loading conditions, but is less well established than in MR and not used routinely at this time.50

The criteria for deﬁning severe AR are described in Table 5. Echocardiography is also important to evaluate regurgitation

mechanisms, describe valve anatomy, and determine the feasibility of valve repair.16,49 The ascending aorta should be measured

at four levels: annulus, sinuses of Valsalva, sino-tubular junction, and ascending aorta.51 Indexing aortic diameters for BSA should

be performed for individuals of small body size. An ascending

aortic aneurysm/dilatation, particularly at the sinotubular level, may cause secondary AR.52 If valve repair or a valve-sparing

intervention is considered, TOE may be performed preoperatively to deﬁne the anatomy of the cusps and ascending aorta. Intraoperative TOE is mandatory in aortic valve repair, to

assess the functional results and identify patients who are at risk of early recurrence of AR.53

Determining LV function and dimensions is essential. Indexing

for BSA is recommended, especially in patients of small body size (BSA ≤1.68 m2).54 New parameters obtained by 3DE and tissue Doppler and strain rate imaging may be useful in the future.55

†CMR or MSCT scanning are recommended for evaluation of the aorta in patients with Marfan syndrome, or if an enlarged aorta

is detected by echocardiography, particularly in patients with bicuspid aortic valves.56

4.2Natural history

Patients with acute severe AR, most frequently caused by infective endocarditis and aortic dissection, have a poor prognosis without intervention due to their haemodynamic instability. Patients with




chronic severe AR and symptoms also have a poor long-term prognosis. Once symptoms become apparent, mortality in patients without surgical treatment may be as high as 10–20% per year.57 In asymptomatic patients with severe chronic AR and normal LV function, the likelihood of adverse events is low. However, when LV end-systolic diameter (LVESD) is .50 mm, the probability of death, symptoms or LV dysfunction is reported to be 19%

per year.57 – 59

The natural history of ascending aortic and root aneurysm has been best deﬁned for Marfan syndrome.60 The strongest predictors of death or aortic complications are the root diameter and a family history of acute cardiovascular events (aortic dissection, sudden death).61 Uncertainty exists as to how to deal with patients who have other systemic syndromes associated with ascending aorta dilatation, but it appears reasonable to assume a prognosis similar to Marfan syndrome and treat them accordingly. Generally, patients with bicuspid aortic valves have previously been felt to be at increased risk of dissection. More recent evidence indicates that this hazard may be related to the high prevalence of ascending aortic dilatation.62 However, despite a higher aortic diameter growth rate, it is currently less clear whether the likelihood of aortic complications is increased, compared with patients with a tricuspid aortic valve of similar aortic size.63,64

4.3 Results of surgery

Treatment of isolated AR has traditionally been by valve replacement. In the past 20 years, repair strategies for the regurgitant aortic valve have been developed for tricuspid aortic valves and congenital anomalies.65 – 67 When there is an associated aneurysm of the aortic root, conventional surgical therapy has consisted of the combined replacement of the aorta and valve with reimplantation of the coronary arteries. Valve-sparing aortic replacement is increasingly employed in expert centres, especially in young

patients, to treat combined aortic root dilatation and valve regurgitation.65 – 67

Supra-coronary ascending aortic replacement can be performed with or without valve repair when root size is preserved.67

Replacement of the aortic valve with a pulmonary autograft is

less frequently used and is mostly applied in young patients (,30 years).68

In current practice, valve replacement remains the most widely used technique but the proportion of valve repair procedures is increasing in experienced centres. Calciﬁcation and cusp retraction appear to be the main adverse factors for repair procedures. Operative mortality is low (1–4%) in isolated aortic valve surgery, both for replacement and repair.32 – 35,66 Mortality increases with advanced age, impaired LV function, and the need for concomitant coronary artery bypass grafting (CABG), where it ranges from 3–7%.32 – 35 The strongest predictors of operative mortality are older age, higher preoperative functional class, LVEF ,50%, and LVESD .50 mm. Aortic root surgery with reimplantation of coronary arteries has, in general, a slightly higher mortality than isolated valve surgery. In young individuals, combined treatment of aneurysm of the ascending aorta—with either valve preservation or replacement—can be performed in expert centres with a very low mortality rate.66,67 Mortality increases in emergency procedures for acute dissection. Both
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