








LV function, who cannot be revascularized or who present with
cardiomyopathy, are questionable. Repair may be considered in
selected patients if comorbidity is low, in order to avoid or post-
pone transplantation. In the other patients, optimal medical treat-
ment is currently the best option, followed, in the event of failure,
by extended HF treatment [cardiac resynchronization therapy
(CRT); ventricular assist devices; cardiac restraint devices; heart
transplantation].

The percutaneous mitral clip procedure may be considered in
patients with symptomatic severe secondary MR despite optimal
medical therapy (including CRT if indicated), who fulfil the echo
criteria of eligibility, are judged inoperable or at high surgical risk
by a team of cardiologists and cardiac surgeons, and who have a
life expectancy greater than 1 year (recommendation class IIb,
level of evidence C).

There is continuing debate regarding the management of mod-
erate ischaemic MR in patients undergoing CABG. In such cases,
valve repair is preferable. In patients with low EF, mitral valve
surgery is more likely to be considered if myocardial viability is
present and if comorbidity is low. In patients capable of exercising,
exercise echocardiography should be considered whenever
possible. Exercise-induced dyspnoea and a large increase in MR
severity and systolic pulmonary artery pressure favour combined
surgery.

There are no data to support surgical correction of mild MR.

6.2.6 Medical treatment
Optimal medical therapy is mandatory: it should be the first step in
the management of all patients with secondary MR and should be
given in line with the guidelines on the management of HF.13 This
includes ACE inhibitors and beta-blockers, with the addition of an
aldosterone antagonist in the presence of HF. A diuretic is required
in the presence of fluid overload. Nitrates may be useful for treat-
ing acute dyspnoea, secondary to a large dynamic component.

The indications for resynchronization therapy should be in
accordance with related guidelines.13 In responders, CRT may
immediately reduce MR severity through increased closing force
and resynchronisation of papillary muscles.159 A further reduction
in MR and its dynamic component can occur through a reduction
in tethering force in relation to LV reverse remodelling.

7. Mitral stenosis
Rheumatic fever, which is the predominant aetiology of MS, has
greatly decreased in industrialized countries; nevertheless, MS
still results in significant morbidity and mortality worldwide.1,3 Per-
cutaneous mitral commissurotomy (PMC) has had a significant
impact upon the management of rheumatic MS.

7.1 Evaluation
The patient with MS may feel asymptomatic for years and then
present with a gradual decrease in activity. The diagnosis is
usually established by physical examination, chest X-ray, ECG,
and echocardiography.

The general principles for the use of invasive and non-invasive
investigations follow the recommendations made in the General
comments (Section 3).12

Specific issues in MS are as follows:

† Echocardiography is the main method used to assess the sever-
ity and consequences of MS, as well as the extent of anatomic
lesions.

Valve area should be measured using planimetry and the pres-
sure half-time method, which are complementary. Planimetry,
when it is feasible, is the method of choice, in particular imme-
diately after PMC. Continuity equation and proximal isovelocity
could be used when additional assessment is needed. Measure-
ments of mean transvalvular gradient, calculated using Doppler
velocities, are highly rate- and flow-dependent, but are useful to
check consistency in the assessment of severity, particularly in
patients in sinus rhythm. MS does not usually have clinical
consequences at rest when valve area is .1.5 cm2 (Table 4).15

A comprehensive assessment of valve morphology is import-
ant for the treatment strategy. Scoring systems have been
developed to help assess suitability, taking into account valve
thickening, mobility, calcification, subvalvular deformity, and
commissural areas.15,160,161

Echocardiography also evaluates pulmonary artery pressures,
associated MR, concomitant valve disease, and LA size. Due to
the frequent association of MS with other valve diseases, a
comprehensive evaluation of the tricuspid and aortic valves is
mandatory. TTE usually provides sufficient information for
routine management.

TOE should be performed to exclude LA thrombus before
PMC or after an embolic episode, if TTE provides suboptimal
information on anatomy or, in selected cases, to guide the
procedure.

3DE improves the evaluation of valve morphology (especially
visualization of commissures),162 optimizes accuracy and repro-
ducibility of planimetry, and could be useful for guiding (TOE)
and monitoring (TTE) PMC in difficult cases.

Echocardiography also plays an important role in monitoring
the results of PMC during the procedure.

† Stress testing is indicated in patients with no symptoms or
symptoms equivocal or discordant with the severity of MS.
Dobutamine or, preferably, exercise echocardiography may
provide additional information by assessing changes in mitral
gradient and pulmonary pressures.21

7.2 Natural history
Survival in asymptomatic patients is usually good up to 10 years,
progression being highly variable with sudden deterioration,
which is usually precipitated by pregnancy or complications such
as AF or embolism.163 Symptomatic patients have a poor prognosis
without intervention.12

7.3 Results of intervention
7.3.1 Percutaneous mitral commissurotomy
Technical success and complications are related to patient selec-
tion and the operator’s experience.164 Good initial results,
defined as valve area .1.5 cm2 with no MR .2/4, are achieved
in over 80% of cases. Major complications include procedural mor-
tality 0.5–4%, haemopericardium 0.5–10%, embolism 0.5–5%, and
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severe regurgitation 2–10%. Emergency surgery is seldom needed
(,1%).165

Clinical follow-up data confirm the late efficacy of PMC: event-
free survival ranges from 30–70% after 10–20 years, depending on
patient characteristics.160,166 –168 When the immediate results
are unsatisfactory, surgery is usually required shortly there-
after.160,167,168 Conversely, after successful PMC, long-term
results are good in the majority of cases and can be predicted
by preoperative anatomical and clinical characteristics, and the
quality of the immediate results.160,167,169 When functional deteri-
oration occurs, it is late and mainly related to restenosis.170

Successful PMC also reduces embolic risk.163

7.3.2 Surgery
Closed mitral commissurotomy is still performed in developing
countries, but otherwise has largely been replaced by open
mitral commissurotomy using cardiopulmonary bypass, which is
also now seldom performed. In series from experienced centres,
mostly including young patients, long-term results are good with
a rate of reoperation for valve replacement of 0–7% at 36–53
months, and 10-year survival rates of 81–90%.171,172

In current practice, surgery for MS is mostly valve replacement
(�95%) as a result of increasingly elderly presentation and un-
favourable valve characteristics for valve repair.1,34 Operative mor-
tality for valve replacement ranges from 3–10% and correlates
with age, functional class, pulmonary hypertension, and presence
of CAD. Long-term survival is related to age, functional class, AF,
pulmonary hypertension, preoperative LV/RV function, and
prosthetic valve complications.12

7.4 Indications for intervention
The type of treatment, as well as its timing, should be decided on
the basis of clinical characteristics (including functional status,
predictors of operative risk and results of PMC), valve anatomy
and local expertise.
Indications for intervention are as follows (Table 14; Figure 4):

† Intervention should only be performed in patients with clinically
significant MS (valve area ≤1.5 cm2).

† Intervention should be performed in symptomatic patients.
Most patients with favourable valve anatomy currently
undergo PMC; however, open commissurotomy may be pre-
ferred by experienced surgeons in young patients with
mild-to-moderate MR. Decision-making as to the type of inter-
vention 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.160,170 PMC should be considered
as an initial treatment for selected patients with mild-to-
moderate calcification or unfavourable subvalvular apparatus,
who have otherwise favourable clinical characteristics, especially
in young patients in whom postponing valve replacement is par-
ticularly attractive.173

PMC is the procedure of choice when surgery is contraindi-
cated, or as a bridge to surgery in high-risk, critically ill patients.

Surgery is preferable in patients who are unsuitable for PMC.
Due to the small but definite risk inherent in PMC, truly asymp-

tomatic patients are not usually candidates for the procedure,
except in cases where there is increased risk of thromboembolism

Table 14 Indications for percutaneous mitral
commissurotomy in mitral stenosis with valve area
≤1.5 cm2

Class a Level b Ref C

PMC is indicated in
symptomatic patients with
favourable characteristics.d

I B 160, 170

PMC is indicated in
symptomatic patients with
contraindication or high risk
for surgery.

I C

PMC should be considered
as initial treatment in
symptomatic patients with
unfavourable anatomy but
without unfavourable clinical
characteristics.d

IIa C

PMC should be considered in
asymptomatic patients without
unfavourable characteristicsd

and
• high thromboembolic risk
 (previous history of
 embolism, dense
 spontaneous contrast in
 the left atrium, recent or
 paroxysmal atrial fibrillation)
 and/or
• high risk of haemodynamic
 decompensation (systolic
 pulmonary pressure
 >50 mmHg at rest, need for
 major non-cardiac surgery,
 desire for pregnancy).

IIa C

NYHA ¼ New York Heart Association; PMC ¼ percutaneous mitral
commissurotomy.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
dUnfavourable characteristics for percutaneous mitral commissurotomy can be
defined by the presence of several of the following characteristics:
– Clinical characteristics: old age, history of commissurotomy, NYHA class IV,

permanent atrial fibrillation, severe pulmonary hypertension.
– Anatomical characteristics: echo score .8, Cormier score 3 (calcification of

mitral valve of any extent, as assessed by fluoroscopy), very small mitral valve
area, severe tricuspid regurgitation.

Table 15 Contraindications to percutaneous mitral
commissurotomy

• Mitral valve area >1.5 cm²

• Left atrial thrombus

• More than mild mitral regurgitation

• Severe or bicommissural calcification

• Absence of commissural fusion

• Severe concomitant aortic valve disease, or severe combined
tricuspid stenosis and regurgitation

• Concomitant coronary artery disease requiring bypass surgery
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or haemodynamic decompensation. In such patients PMC should
only be performed if they have favourable characteristics and it
is undertaken by experienced operators.

In asymptomatic patients with MS, surgery is limited to those
rare patients at high risk of complications and with contraindica-
tions to PMC.

Surgery is the only alternative when PMC is contraindicated
(Table 15). The most important contraindication to PMC is LA
thrombosis. However, when the thrombus is located in the LA

appendage, PMC may be considered in patients with contraindica-
tions to surgery or those without urgent need for intervention in
whom oral anticoagulation can be safely given for 2 to 6 months,
provided repeat TOE shows the thrombus has disappeared.
Surgery is indicated if the thrombus persists.

7.5 Medical therapy
Diuretics or long-acting nitrates transiently ameliorate dyspnoea.
Beta-blockers or heart-rate regulating calcium channel blockers

PMCb Follow-upSurgery PMC

Yes No

No Yes

Yes
No

No Yes

Yes No

Exercise testing

No symptomsSymptoms

MS ≤1.5 cm2

High risk of embolism or
haemodynamic decompensation

CI to PMC

CI or high risk 
for surgery

Favourable
anatomical

characteristicsa

Favourable
clinical

characteristicsa

Unfavourable
clinical

characteristicsa

Symptoms

CI to or unfavourable
characteristics 

for PMC

Unfavourable
anatomical

characteristicsa

CI = contraindication; MS = mitral stenosis; PMC = percutaneous mitral commissurotomy.
aSee Table 14.
bSurgical commissurotomy may be considered by experienced surgical teams or in patients with contraindications to percutaneous mitral commissurotomy.

Figure 4 Management of clinically significant mitral stenosis.
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can improve exercise tolerance. Anticoagulant therapy with a
target INR in the upper half of the range 2 to 3 is indicated in
patients with either permanent or paroxysmal AF.47 In patients
with sinus rhythm, anticoagulation is indicated when there has
been prior embolism, or a thrombus is present in the left atrium
(recommendation class I, level of evidence C) and should also be
considered when TOE shows dense spontaneous echo contrast or
an enlarged left atrium (M-mode diameter .50 mm or LA volume
.60 ml/m2 (recommendation class IIa, level of evidence C).174

Aspirin and other antiplatelet agents are not valid alternatives.

7.6 Serial testing
Asymptomatic patients with clinically significant MS, who have not
undergone intervention, should be followed up yearly by means of
clinical and echocardiographic examinations and at longer intervals
(2 to 3 years) in case of less severe stenosis.

Management of patients after successful PMC is similar to that of
asymptomatic patients. It should be more stringent if asymptomatic
restenosis occurs. When PMC is not successful and symptoms
persist, surgery should be considered early unless there are
definite contraindications.

7.7 Special patient populations
When restenosis with symptoms occurs after surgical commissur-
otomy or PMC, reintervention in most cases requires valve
replacement. Re-PMC can be proposed in selected patients with
favourable characteristics if the predominant mechanism is com-
missural refusion, and in cases with an initially successful PMC if
restenosis occurs after several years. PMC may have a palliative
role in patients who present with valve anatomy that is not ideal
for PMC, but who are not surgical candidates.175,176

For information on MS during pregnancy see Section 13.
In the elderly, when surgery is high risk or contraindicated but

life expectancy is still acceptable, PMC is a useful option, even if
only palliative. In patients with favourable anatomic characteristics,
PMC can be attempted first, resorting to surgery if results are
unsatisfactory. In other patients, surgery is preferable.

In patients with severe MS combined with severe aortic valve
disease, surgery is preferable. In cases with severe MS with
moderate aortic valve disease, PMC can be performed as a
means of postponing the surgical treatment of both valves.

In patients with severe TR, PMC can be attempted in patients
with sinus rhythm, moderate atrial enlargement, and functional
TR secondary to pulmonary hypertension. In other cases surgery
on both valves may be preferred.177

Degenerative mitral annular calcification may be observed in
elderly patients, especially with renal failure, but it seldom
creates severe MS requiring surgery.

Valve replacement is the only option for the treatment of rare
cases of severe MS of non- rheumatic origin where commissural
fusion is absent.

8. Tricuspid regurgitation
Trivial TR is frequently detected by echocardiography in normal
subjects. Pathological TR is more often secondary, rather than
due to a primary valve lesion. Secondary TR is due to annular
dilatation and increased tricuspid leaflet tethering in relation to
RV pressure and/or volume overload. Pressure overload is
most often caused by pulmonary hypertension resulting from
left-sided heart disease or, more rarely, cor pulmonale or
idiopathic pulmonary arterial hypertension. RV volume overload
possibly relates to atrial septal defects or intrinsic disease of
the RV.12

8.1 Evaluation
Predominant symptoms are those of associated valve diseases, and
even severe TR may be well-tolerated for a long period of time.
Although they are load-dependent, clinical signs of right HF are
of value in evaluating the severity of TR.12

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

Specific issues in TR are as follows:

† Echocardiography is the ideal technique to evaluate TR. It pro-
vides the following information:

It is similar to MR in that the presence of structural abnormal-
ities of the valve distinguishes between its primary or secondary
forms. In primary TR, the aetiology can usually be identified
from specific abnormalities such as vegetations in endocarditis,10

leaflet thickening and retraction in rheumatic and carcinoid
disease, prolapsing/flail leaflet in myxomatous or post-traumatic
disease, and dysplastic tricuspid valve in congenital diseases such
as Ebstein’s anomaly.11 The degree of dilatation of the annulus
should also be measured.17 Significant tricuspid annular dilata-
tion is defined by a diastolic diameter ≥40 mm or .21 mm/
m2 in the four-chamber transthoracic view.17,178 –180 In second-
ary TR, a coaptation distance .8 mm characterizes patients
with significant tethering (distance between the tricuspid
annular plane and the point of coaptation in mid-systole from
the apical four-chamber view).181

Evaluation of TR severity and pulmonary systolic pressure
should be carried out as currently recommended (Table 5).17

Evaluations of the RV dimensions and function should be con-
ducted, despite existing limitations of current indices of RV func-
tion. Tricuspid annular plane systolic excursion (TAPSE)
(,15 mm), tricuspid annulus systolic velocity (,11 cm/s), and
RV end-systolic area (.20 cm2) could be used to identify
patients with RV dysfunction.182

The presence of associated lesions (looking carefully at the
associated valve lesions, particularly on the left side) and LV
function should be assessed.

† When available, CMR is the preferred method for evaluating RV
size and function.
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8.2 Natural history
The limited data that are available on the natural history of primary
TR suggest that severe TR has a poor prognosis, even if it may be
well-tolerated functionally for years.12,183,184 As for left-sided
valvular regurgitation, prolonged burden of volume overload may
result in ventricular dysfunction and irreversible myocardial
damage. Flail tricuspid valve (classically associated with severe
TR) is associated with decreased survival and increased risk of
HF.184 Secondary TR may diminish or disappear as RV failure
improves, following the treatment of its cause. However, TR may
persist even after successful correction of left-sided lesions. Pre-
dicting the evolution of functional TR after surgical treatment of
mitral valve disease remains difficult. Pulmonary hypertension,
increased RV pressure and dimension, reduced RV function, AF,
pacemaker leads, and the severity of tricuspid valve deformation
(tricuspid annulus diameter, coaptation height) are important risk
factors for persistence or late worsening of TR.178,180,181

8.3 Results of surgery
Ring annuloplasty is key to surgery for TR. Better long-term results
are observed with prosthetic rings than with the suture annulo-
plasty, the incidence of residual TR being, respectively, 10% vs.
20–35% at 5 years.179,180,185,186 Current experience favours the
use of ring annuloplasty for severe TR related to isolated tricuspid
annular dilatation. 187 When the tricuspid valve is significantly
deformed, complementary tricuspid valve procedures with the
objective of reducing residual postoperative TR (i.e. enlargement
of the anterior leaflet) may be useful.188 In more advanced forms
of tethering and RV dilatation, valve replacement should be consid-
ered. The use of large bioprostheses over mechanical valves is cur-
rently favoured.189 Adding a tricuspid repair, if indicated during
left-sided surgery, does not increase operative risks. Ten-year
survival ranges from 30–50%, the predictors being preoperative
functional class, LV and RV function, and prosthetic complica-
tions.185 –189 In the presence of trans-tricuspid pacemaker leads
and TR, the technique used should be adapted to the patient’s con-
dition and the surgeon’s experience. Reoperation on the tricuspid
valve in cases of persistent TR after mitral valve surgery carries a
high risk, mostly due to the clinical condition of the patient (includ-
ing age and the number of previous cardiac interventions) and may
well have poor long-term results related to the presence of irre-
versible RV dysfunction before reoperation, or LV, myocardial or
valvular dysfunction.

8.4 Indications for surgery
The timing of surgical intervention remains controversial, mostly
due to the limited data available and their heterogeneous nature
(Table 16). As a general principle—if technically possible—valve
repair is preferable to valve replacement and surgery should be
carried out early enough to avoid irreversible RV dysfunction.

The need for correction of TR is usually considered at the time
of surgical correction of left-sided valve lesions. Tricuspid valve
surgery is indicated in patients with severe TR. Tricuspid surgery
should be considered in patients with moderate primary TR, as
well as in patients with mild or moderate secondary TR and signifi-
cant dilatation of the annulus (≥40 mm).178 –180

Surgery limited to the tricuspid valve is recommended in symp-
tomatic patients with severe primary TR. Though these patients
respond well to diuretic therapy, delaying surgery is likely to
result in irreversible RV damage, organ failure, and poor results
of late surgical intervention. Although cut-off values are less well
defined (similar to MR) asymptomatic patients with severe
primary TR should be followed carefully to detect progressive
RV enlargement and development of early RV dysfunction,
prompting surgical intervention.

In persistent or recurrent severe TR after left-sided valve
surgery, isolated operation on the tricuspid valve should be consid-
ered in patients who are symptomatic or have progressive RV dila-
tation or dysfunction, in the absence of left-sided valve dysfunction,
severe RV or LV dysfunction, or severe pulmonary vascular
disease.

For the management of Ebstein’s abnormality see Baumgartner
et al.11

Table 16 Indications for tricuspid valve surgery

Class a Level b

Surgery is indicated in symptomatic patients
with severe TS.c

I C

Surgery is indicated in patients with severeTS
undergoing left-sided valve intervention.d

I C

Surgery is indicated in patients with severe
primary or secondary TR undergoing
left-sided valve surgery. 

I C

Surgery is indicated in symptomatic patients
with severe isolated primary TR without
severe right ventricular dysfunction. 

I C

Surgery should be considered in patients
with moderate primary TR undergoing
left-sided valve surgery. 

IIa C

Surgery should be considered in patients with
mild or moderate secondaryTR with dilated
annulus (≥40 mm or >21 mm/m²) undergoing
left-sided valve surgery.

IIa C

Surgery should be considered in
asymptomatic or mildly symptomatic
patients with severe isolated primary TR and
progressive right ventricular dilatation or
deterioration of right ventricular function.

IIa C

After left-sided valve surgery, surgery should
be considered in patients with severe TR
who are symptomatic or have progressive
right ventricular dilatation/dysfunction, in
the absence of left-sided valve dysfunction,
severe right or left ventricular dysfunction,
and severe pulmonary vascular disease.

IIa C

PMC ¼ percutaneous mitral commissurotomy; TR ¼ tricuspid regurgitation;
TS ¼ tricuspid stenosis
aClass of recommendation.
bLevel of evidence.
cPercutaneous balloon valvuloplasty can be attempted as a first approach if TS is
isolated.
dPercutaneous balloon valvuloplasty can be attempted if PMC can be performed
on the mitral valve.
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8.5 Medical therapy
Diuretics reduce congestion. Specific therapy of the underlying
disease is warranted.

9. Tricuspid stenosis
Tricuspid stenosis (TS), which is mostly of rheumatic origin, is
rarely observed in developed countries although it is still seen in
developing countries.3,12 Detection requires careful evaluation, as
it is almost always associated with left-sided valve lesions that
dominate the presentation.

9.1 Evaluation
Clinical signs are often masked by those of the associated valvular
lesions, especially MS.12,190 Echocardiography provides the most
useful information. TS is often overlooked and requires careful
evaluation. The pressure half-time method is less valid for the
assessment of the severity of TS than of MS and the continuity
equation is rarely applicable because of the frequency with which
associated regurgitation is present. Planimetry of the valve area is
usually impossible unless 3DE is used. No generally-accepted
grading of TS severity exists. A mean gradient ≥5 mmHg at
normal heart rate is considered indicative of clinically significant
TS.15 Echocardiography should also examine the presence of
commissural fusion, the anatomy of the valve and its subvalvular
apparatus, which are the most important determinants of
repairability and the degree of concomitant TR.

9.2 Surgery
The lack of pliable leaflet tissue is the main limitation for valve
repair. Even though this is still a matter of debate, biological pros-
theses for valve replacement are usually preferred over mechanical
ones because of the higher risk of thrombosis carried by the latter
and the satisfactory long-term durability of the former in the
tricuspid position.189 –191

9.3 Percutaneous intervention
Percutaneous balloon tricuspid dilatation has been performed in a
limited number of cases, either alone or alongside PMC, but this
frequently induces significant regurgitation. There is a lack of
data on evaluation of long-term results.192

9.4 Indications for intervention
Intervention on the tricuspid valve is usually carried out at the time
of intervention on the other valves in patients who are symptom-
atic despite medical therapy. Conservative surgery or valve
replacement—according to anatomy and surgical expertise in
valve repair—is preferred to balloon commissurotomy, which
can only be considered as a first approach in the rare cases of
isolated TS (Table 16).

9.5 Medical therapy
Diuretics are useful in the presence of HF—but of limited 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, but particularly in rheumatic heart disease and, less
frequently, in degenerative valve disease. There is a lack of data
on mixed and multiple valve diseases. This does not allow for
evidence-based recommendations.190

The general principles for the management of mixed or multiple
valve disease are as follows:

† When either stenosis or regurgitation is predominant, manage-
ment follows the recommendations concerning the predomin-
ant VHD. When the severity of both stenosis and
regurgitation is balanced, indications for interventions should
be based upon symptoms and objective consequences, rather
than the indices of severity of stenosis or regurgitation.

† Besides the separate assessment of each valve lesion, it is neces-
sary to take into account the interaction between the different
valve lesions. As an illustration, associated MR may lead to
underestimation of the severity of AS, since decreased stroke
volume due to MR lowers the flow across the aortic valve
and, hence, the aortic gradient. This underlines the need to
combine different measurements, including assessment of
valve areas, if possible using methods that are less dependent
on loading conditions, such as planimetry.

† 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
symptoms or leading to LV impairment.

† The decision to intervene on multiple valves should take into
account the extra surgical risk of combined procedures.

† The choice of surgical technique should take into account the
presence of the other VHD. Although repair remains the ideal
option, the desire to repair one valve may be decreased if pros-
thetic valve replacement is needed on another.

The management of specific associations of VHD is detailed in the
individual sections.

11. Prosthetic valves
Patients who have undergone previous valve surgery accounted for
28% of all patients with VHD in the Euro Heart Survey.1 Optimal
choice of valve substitute—as well as subsequent management of
patients with prosthetic valves—is essential to reduce prosthesis-
related complications.

11.1 Choice of prosthetic valve
There is no perfect valve substitute. All involve some compromise
and all introduce new disease processes, whether they are mech-
anical (single tilting disc and bileaflet valves) or biological. The
latter include homografts, pulmonary autografts and porcine, peri-
cardial bovine or equine bioprostheses. Xenograft valves can be
further subdivided into stented and stentless. Stentless valves
may have better haemodynamics but no improvement in long-term
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durability has been demonstrated so far.193 Sutureless bioprosth-
eses are an incoming technology, allowing quick placement of a
bioprosthesis without a sewing cuff and also having larger effective
orifice areas.

The two transcatheter-implantable prostheses which are most
widely used are made of pericardial tissue inserted into a bare-
metal balloon-expanding stent or a nitinol self-expanding stent.

All mechanical valves require lifelong anticoagulation. In biologic-
al valves, long-term anticoagulation is not required unless AF or
other indications are present, but they are subject to structural
valve deterioration (SVD) over time.

Homografts and pulmonary autografts are mainly used in the
aortic position in adults, although they account for ,1% of
AVRs in large databases. Homografts are subject to SVD.
A propensity-matched analysis did not find the durability of homo-
grafts to be better than that of pericardial bioprostheses and a
randomized trial showed superior durability of stentless bioprosth-
eses over homografts.194,195 Median time to reoperation for SVD
of homografts is age-dependent and varies from an average of 11
years in a 20-year-old patient to 25 years in a 65-year-old
patient.194,195 Technical concerns, limited availability, and increased
complexity of reoperation restrict the use of homografts.196

Although under debate, the main indication for homografts is
acute infective endocarditis with perivalvular lesions.10,197

The transfer of the pulmonary autograft in the aortic position
(Ross procedure) provides excellent haemodynamics but requires
expertise and has several disadvantages: the risk of early stenosis of
the pulmonary homograft, the risk of recurrence of AR due to sub-
sequent dilatation of the native aortic root or the pulmonary auto-
graft itself when used as a mini-root repair, and the risk of
rheumatic involvement.198 Although the Ross operation is occa-
sionally carried out in adults (professional athletes or women con-
templating pregnancy), its main advantage is in children, as the valve
and new aortic annulus appear to grow with the child, which is not
the case with homografts. Potential candidates for a Ross proced-
ure should be referred to centres that are experienced and
successful in performing this operation.11

In practice, the choice is between a mechanical and a stented
biological prosthesis in the majority of patients.

The heterogeneity of VHD and the variability of outcomes
following these procedures make the design and execution of
prospective randomized comparisons difficult. Two randomized
trials comparing older models of mechanical and biological valves
found no significant difference in rates of valve thrombosis and
thromboembolism, in accordance with numerous individual valve
series. Long-term survival was very similar.199,200 A more recent
trial randomized 310 patients aged 55–70 years to mechanical
or biological prostheses.201 No differences were found in survival,
thromboembolism or bleeding rates, but a higher rate of valve
failure and reoperation was observed following implantation of
bioprostheses. Meta-analyses of observational series do not find
differences in survival when patient characteristics are taken into
account. Microsimulation models may assist in making individual
patient choices by enabling valve-related event-free survival to be
assessed according to patient age and type of prosthesis.202

Apart from haemodynamic considerations, the choice between
a mechanical- and a biological valve in adults is mainly determined

by estimating the risk of anticoagulant-related bleeding and
thromboembolism with a mechanical valve, as compared with
the risk of SVD with a bioprosthesis, and by considering the
patient’s goals, values, and life and healthcare preferences.46,203 –

205 The former is determined mainly by the target INR, the
quality of anticoagulation control, the concomitant use of aspirin,
and the patient’s risk factors for bleeding. The risk linked to SVD
must take into account the rate of SVD—which decreases with
age and is higher in the mitral than the aortic position—and the
risk of reoperation, which is only slightly higher than for a first
operation.203

Rather than setting arbitrary age limits, prosthesis choice should
be individualized and discussed in detail between the informed
patient, cardiologists and surgeons, taking into account the
factors detailed in Tables 17 and 18. In patients aged 60–65
years, who are to receive an aortic prosthesis, and those 65–70
years in the case of mitral prosthesis, both valves are acceptable

Table 17 Choice of the aortic/mitral prosthesis.
In favour of a mechanical prosthesis.

Class a Level b

A mechanical prosthesis is recommended
according to the desire of the informed
patient and if there are no contraindications
for long-term anticoagulation.c

I C

A mechanical prosthesis is recommended in
patients at risk of accelerated structural valve
deterioration.d

I C

A mechanical prosthesis is recommended
in patients already on anticoagulation as a
result of having a mechanical prosthesis in
another valve position.

I C

A mechanical prosthesis should be
considered in patients aged <60 years for
prostheses in the aortic position and
<65 years for prostheses in the mitral
position.e

IIa C

A mechanical prosthesis should be
considered in patients with a reasonable
life expectancy,f for whom future redo valve
surgery would be at high risk.

IIa C

A mechanical prosthesis may be considered in
patients already on long-term
anticoagulation due to high risk of
thromboembolism.g

IIb C

The decision is based on the integration of several of the following factors
aClass of recommendation.
bLevel of evidence.
cIncreased bleeding risk because of comorbidities, compliance concerns,
geographic, lifestyle and occupational conditions.
dYoung age (,40 years), hyperparathyroidism.
eIn patients aged 60–65 years who should receive an aortic prosthesis, and those
between 65–70 years in the case of mitral prosthesis, both valves are acceptable
and the choice requires careful analysis of other factors than age.
fLife expectancy should be estimated .10 years, according to age, gender,
comorbidities, and country-specific life expectancy.
gRisk factors for thromboembolism are atrial fibrillation, previous
thromboembolism, hypercoagulable state, severe left ventricular systolic
dysfunction.
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and the choice requires careful analysis of additional factors. The
following considerations should be taken into account:

† Bioprostheses should be considered in patients whose life
expectancy is lower than the presumed durability of the bio-
prosthesis, particularly if comorbidities may necessitate further
surgical procedures, and in those with increased bleeding risk.
Although SVD is accelerated in chronic renal failure, poor long-
term survival with either type of prosthesis and an increased risk
of complications with mechanical valves may favour the choice
of a bioprosthesis in this situation.206

† In women who wish to become pregnant, the high risk of
thromboembolic complications with a mechanical prosthesis
during pregnancy—whatever the anticoagulant regimen
used—and the low risk of elective reoperation are incentives
to consider a bioprosthesis, despite the rapid occurrence of
SVD in this age group.207

† Quality of life issues and informed patient preferences must also
be taken into account. The inconvenience of oral anticoagula-
tion can be minimized by self-management of the therapy.
Although bioprosthetic recipients can avoid long-term use of
anticoagulation, they face the possibility of deterioration in func-
tional status due to SVD and the prospect of reoperation if they
live long enough.

† During mid-term follow-up, certain patients receiving a biopros-
thetic valve may develop another condition requiring oral antic-
oagulation (AF, stroke, peripheral arterial disease and others).

The impact of valve prosthesis–patient mismatch in the aortic
position supports the use of a prosthesis with the largest possible
effective orifice area, although the use of in vitro data and the geo-
metric orifice area lacks reliability.208 If the valve prosthesis–
patient ratio is expected to be ,0.65 cm2/m2 BSA, enlargement
of the annulus to allow placement of a larger prosthesis may be
considered.209

11.2 Management after valve
replacement
Thromboembolism and anticoagulant-related bleeding represent
the majority of complications experienced by prosthetic valve reci-
pients.12 Endocarditis prophylaxis and management of prosthetic
valve endocarditis are detailed in separate ESC Guidelines.10

11.2.1 Baseline assessment and modalities of follow-up
A complete baseline assessment should, ideally, be performed 6–
12 weeks after surgery. This includes clinical assessment, chest
X-ray, ECG, TTE, and blood testing. This assessment is of the
utmost importance in interpreting changes in murmur and pros-
thetic sounds, as well as ventricular function, transprosthetic gradi-
ents, and absence of paravalvular regurgitation. This postoperative
visit is also useful to improve patient education on endocarditis
prophylaxis and, if needed, on anticoagulant therapy and to empha-
size that new symptoms should be reported as soon as they occur.

All patients who have undergone valve surgery require lifelong
follow-up by a cardiologist, in order to detect early deterioration
in prosthetic function or ventricular function, or progressive
disease of another heart valve. Clinical assessment should be per-
formed yearly—or as soon as possible if new cardiac symptoms
occur. TTE should be performed if any new symptoms occur
after valve replacement or if complications are suspected. Yearly
echocardiographic examination is recommended after the fifth
year in patients with a bioprosthesis and earlier in young patients.
Trans-prosthetic gradients are best interpreted in comparison with
the baseline values, rather than in comparison with theoretical
values for a given prosthesis, which lack reliability. TOE should
be considered if TTE is of poor quality and in all cases of suspected
prosthetic dysfunction or endocarditis.210 Cinefluoroscopy and
MSCT provide useful additional information if valve thrombus or
pannus are suspected.211

11.2.2 Antithrombotic management
11.2.2.1 General management
Antithrombotic management should address effective control of
modifiable risk factors for thromboembolism, in addition to the
prescription of antithrombotic drugs.203,212,213

Indications for antithrombotic therapy after valve repair or
replacement are summarized in Table 19.

The need for a three-month period of postoperative anticoagulant
therapy has been challenged in patients with aortic bioprostheses,
with the use of low-dose aspirin now favoured as an alternative.214,215

Table 18 Choice of the aortic/mitral prosthesis.
In favour of a bioprosthesis.

Class a Level b

A bioprosthesis is recommended according
to the desire of the informed patient

I C

A bioprosthesis is recommended when
good quality anticoagulation is unlikely
(compliance problems; not readily available)
or contraindicated because of high bleeding
risk (prior major bleed; comorbidities;
unwillingness; compliance problems; lifestyle;
occupation).

I C

A bioprosthesis is recommended for
reoperation for mechanical valve thrombosis
despite good long-term anticoagulant
control.

I C

A bioprosthesis should be considered in
patients for whom future redo valve surgery
would be at low risk.

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 prosthesis in
aortic position or >70 years in mitral position,
or those with life expectancyc lower than the
presumed durability of the bioprosthesis.d

IIa C

The decision is based on the integration of several of the following factors
aClass of recommendation.
bLevel of evidence.
cLife expectancy should be estimated according to age, gender, comorbidities, and
country-specific life expectancy.
dIn patients aged 60–65 years who should receive an aortic prosthesis and those
65–70 years in the case of mitral prosthesis, both valves are acceptable and the
choice requires careful analysis of factors other than age.
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The substitution of vitamin K antagonists by direct oral inhibitors
of factor IIa or Xa is not recommended in patients with a mechan-
ical prosthesis, because specific clinical trials in such patients are
not available at this time.

When postoperative anticoagulant therapy is indicated, oral
anticoagulation should be started during the first postoperative
days. Intravenous unfractionated heparin (UFH), monitored to an
activated partial thromboplastin time (aPTT) of 1.5–2.0 times
control value, enables rapid anticoagulation to be obtained
before the INR rises. Low molecular weight heparin (LMWH)
seems to offer effective and stable anticoagulation and has been
used in small observational series.216 This is off-label use. The limit-
ing factors for the use of LMWH early after mechanical valve

replacement are the lack of randomized controlled trials, concerns
about pharmacokinetics in obese patients and target anti-Xa activ-
ity, contraindication in the presence of severe renal dysfunction,
and our inability to neutralize it. If LMWH is used, anti-Xa monitor-
ing is recommended.

The first postoperative month is a high-risk period for thrombo-
embolism and anticoagulation should not be lower than the target
value during this time, particularly in patients with mechanical
mitral prostheses.217,218 In addition, during this period, anticoagula-
tion is subject to increased variability and should be monitored
more frequently.

Despite the lack of evidence, a combination of low-dose aspirin
and a thienopyridine is used early after TAVI and percutaneous
edge-to-edge repair, followed by aspirin or a thienopyridine
alone. In patients in AF, a combination of vitamin K antagonist
and aspirin or thienopyridine is generally used, but should be
weighed against increased risk of bleeding.

11.2.2.2 Target INR
In choosing an optimum target INR, one should consider patient
risk factors and the thrombogenicity of the prosthesis, as deter-
mined by reported valve thrombosis rates for that prosthesis in re-
lation to specific INR levels (Table 20).203,219 Currently available
randomized trials comparing different INR values cannot be used
to determine target INR in all situations and varied methodologies
make them unsuitable for meta-analysis.220– 222

Certain caveats apply in selecting the optimum INR:

† Prostheses cannot be conveniently categorized by basic design
(e.g. bileaflet, tilting disc, etc.) or date of introduction for the
purpose of determining thrombogenicity.

† For many currently available prostheses—particularly newly
introduced designs—there is insufficient data on valve throm-
bosis rates at different levels of INR, which would otherwise
allow for categorisation. Until further data become available,
they should be placed in the ‘medium thrombogenicity’
category.

Table 19 Indications for antithrombotic therapy after
valvular surgery

Class a Level b Ref C

Oral anticoagulation is
recommended lifelong for all
patients with a mechanical
prosthesis.

I B 213

Oral anticoagulation is
recommended lifelong for
patients with bioprostheses
who have other indications for
anticoagulation.d

I C

The addition of low-dose
aspirin should be considered
in patients with a mechanical
prosthesis and concomitant
atherosclerotic disease.

IIa C

The addition of low-dose
aspirin should be considered
in patients with a mechanical
prosthesis after
thromboembolism despite
adequate INR.

IIa C

Oral anticoagulation should be
considered for the first three
months after implantation
of a mitral- or tricuspid
bioprosthesis.

IIa C

Oral anticoagulation should be
considered for the first three
months after mitral valve repair.

IIa C

Low-dose aspirin should be
considered for the first three
months after implantation of
an aortic bioprosthesis.

IIa C

Oral anticoagulation may be
considered for the first three
months after implantation of
an aortic bioprosthesis.

IIb C

INR ¼ international normalized ratio.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
dAtrial fibrillation, venous thromboembolism, hypercoagulable state, or with a
lesser degree of evidence, severely impaired left ventricular dysfunction (ejection
fraction ,35%).

Table 20 Target international normalized ratio (INR)
for mechanical prostheses

Prosthesis 
thrombogenicity a

Patient-related risk factorsb

No risk factor Risk factor ≥1

Low 2.5 3.0

Medium 3.0 3.5

High 3.5 4.0

aProsthesis thrombogenicity: Low ¼ Carbomedics, Medtronic Hall, St Jude
Medical, ON-X; Medium ¼ other bileaflet valves; High ¼ Lillehei-Kaster,
Omniscience, Starr-Edwards, Bjork-Shiley and other tilting-disc valves.
bPatient-related risk factors: mitral or tricuspid valve replacement; previous
thromboembolism; atrial fibrillation; mitral stenosis of any degree; left ventricular
ejection fraction ,35%.
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† INR recommendations in individual patients may need to be
revised downwards if recurrent bleeding occurs, or upwards
in case of embolism, despite an acceptable INR level.

We recommend a median INR value, rather than a range, to avoid
considering extreme values in the range as a valid target INR, since
values at either end of a range are not as safe and effective as
median values.

High variability of the INR is a strong independent predictor of
reduced survival after valve replacement. Self-management of
anticoagulation has been shown to reduce INR variability and clin-
ical events, although appropriate training is required. Monitoring by
an anticoagulant clinic should, however, be considered for patients
with unstable INR or anticoagulant-related complications.

11.2.2.3 Management of overdose of vitamin K antagonists
and bleeding
The risk of major bleeding increases considerably when the INR
exceeds 4.5 and increases exponentially above an INR of 6.0. An
INR ≥6.0 therefore requires rapid reversal of anticoagulation
because of the risk of subsequent bleeding.

In the absence of bleeding, the management depends on the
target INR, the actual INR, and the half-life of the vitamin K antag-
onist used. It is possible to stop oral anticoagulation and to allow
the INR to fall gradually or to give oral vitamin K in increments of 1
or 2 mg.223 If the INR is .10, higher doses of oral vitamin K (5 mg)
should be considered. The oral route should be favoured over the
intravenous route, which may carry a higher risk of anaphylaxis.223

Immediate reversal of anticoagulation is required only for severe
bleeding—defined as not amenable to local control, threatening
life or important organ function (e.g. intracranial bleeding),
causing haemodynamic instability, or requiring an emergency surgi-
cal procedure or transfusion. Intravenous prothrombin complex
concentrate has a short half-life and, if used, should therefore be
combined with oral vitamin K, whatever the INR.223 When avail-
able, the use of intravenous prothrombin complex concentrate is
preferred over fresh frozen plasma. The use of recombinant acti-
vated factor VII cannot be recommended, due to insufficient
data. There are no data suggesting that the risk of thromboembol-
ism due to transient reversal of anticoagulation outweighs the
consequences of severe bleeding in patients with mechanical pros-
theses. The optimal time to re-start anticoagulant therapy should
be discussed in relation to the location of the bleeding event, its
evolution, and interventions performed to stop bleeding and/or
to treat an underlying cause. Bleeding while in the therapeutic
INR range is often related to an underlying pathological cause
and it is important that it be identified and treated.

11.2.2.4 Combination of oral anticoagulants with antiplatelet drugs
In determining whether an antiplatelet agent should be added to
anticoagulation in patients with prosthetic valves, it is important
to distinguish between the possible benefits in coronary and vascu-
lar disease and those specific to prosthetic valves. Trials showing a
benefit from antiplatelet drugs in vascular disease and in patients
with prosthetic valves and vascular disease should not be taken
as evidence that patients with prosthetic valves and no vascular
disease will also benefit.224 When added to anticoagulation,

antiplatelet agents increase the risk of major bleeding.225,226 They
should, therefore, not be prescribed to all patients with prosthetic
valves, but be reserved for specific indications, according to the
analysis of benefit and increased risk of major bleeding. If used,
the lower recommended dose should be prescribed (e.g. aspirin
≤100 mg daily).

Indications for the addition of an antiplatelet agent are detailed
in Table 19. The addition of antiplatelet agents should be consid-
ered only after full investigation and treatment of identified risk
factors and optimisation of anticoagulation management.

Addition of aspirin and a P2Y12 receptor blocker is necessary
following intracoronary stenting, but increases the risk of bleeding.
Bare-metal stents should be preferred over drug-eluting stents in
patients with mechanical prostheses, to shorten the use of triple
antithrombotic therapy to 1 month.20 Longer durations (3–6
months) of triple antithrombotic therapy should be considered
in selected cases after acute coronary syndrome.47 During this
period, close monitoring of INR is advised and any over-
anticoagulation should be avoided.20

Finally, there is no evidence to support the use of antiplatelet
agents beyond 3 months in patients with bioprostheses who do
not have an indication, other than the presence of the bioprosth-
esis itself.

11.2.2.5 Interruption of anticoagulant therapy
Anticoagulation during non-cardiac surgery requires very careful
management, based on risk assessment.203,227 Besides prosthesis
and patient-related prothrombotic factors (Table 20), surgery for
malignant disease or an infective process carries a particular risk
due to the hypercoagulability associated with these conditions.

It is recommended not to interrupt oral anticoagulation for
most minor surgical procedures (including dental extraction, cata-
ract removal) and those procedures where bleeding is easily con-
trolled (recommendation class I, level of evidence C). Appropriate
techniques of haemostasis should be used and the INR should be
measured on the day of the procedure.228,229

Major surgical procedures require an INR ,1.5. In patients with
a mechanical prosthesis, oral anticoagulant therapy should be
stopped before surgery and bridging, using heparin, is recom-
mended (recommendation class I, level of evidence C).227 –229

UFH remains the only approved heparin treatment in patients
with mechanical prostheses; intravenous administration should be
favoured over the subcutaneous route (recommendation class
IIa, level of evidence C). The use of subcutaneous LMWH
should be considered as an alternative to UFH for bridging (recom-
mendation class IIa, level of evidence C). However, despite their
widespread use and the positive results of observational
studies230,231 LMWHs are not approved in patients with mechan-
ical prostheses, due to the lack of controlled comparative studies
with UFH. When LMWHs are used, they should be administered
twice a day using therapeutic doses, adapted to body weight,
and, if possible, with monitoring of anti-Xa activity with a target
of 0.5–1.0 U/ml.227 LMWHs are contraindicated in cases of
severe renal failure. The last dose of LMWH should be adminis-
tered .12 hours before the procedure, whereas UFH should be
discontinued 4 hours before surgery. Effective anticoagulation
should be resumed as soon as possible after the surgical procedure
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according to bleeding risk and maintained until the INR returns to
the therapeutic range.227

If required, after a careful risk-benefit assessment, combined
aspirin therapy should be discontinued 1 week before a non-
cardiac procedure.

Oral anticoagulation can be continued at modified doses in the
majority of patients who undergo cardiac catheterisation, in
particular using the radial approach. In patients who require trans-
septal catheterisation, direct LV puncture or pericardial drainage,
oral anticoagulants should be stopped and bridging anticoagulation
performed as described above.203

In patients who have a sub-therapeutic INR during routine
monitoring, bridging with UFH—or preferably LMWH—in an
outpatient setting is indicated as above until a therapeutic INR
value is reached.

11.2.3 Management of valve thrombosis
Obstructive valve thrombosis should be suspected promptly in any
patient with any type of prosthetic valve, who presents with recent
dyspnoea or an embolic event. Suspicion should be higher after
recent inadequate anticoagulation or a cause for increased coagul-
ability (e.g. dehydration, infection, etc). The diagnosis should be
confirmed by TTE and/or TOE or cinefluoroscopy.210,232

The management of prosthetic thrombosis is high-risk, whatever
the option taken. Surgery is high-risk because it is most often
performed under emergency conditions and is a reintervention.
On the other hand, fibrinolysis carries risks of bleeding, systemic
embolism and recurrent thrombosis.233

The analysis of the risks and benefits of fibrinolysis should be
adapted to patient characteristics and local resources.

Urgent or emergency valve replacement is recommended for
obstructive thrombosis in critically ill patients without serious
comorbidity (recommendation class I, level of evidence C:
Figure 5). If thrombogenicity of the prosthesis is an important
factor, it should be replaced with a less thrombogenic prosthesis.

Fibrinolysis should be considered in:

† Critically ill patients unlikely to survive surgery because of
comorbidities or severely impaired cardiac function before
developing valve thrombosis.

† Situations in which surgery is not immediately available and the
patient cannot be transferred.

† Thrombosis of tricuspid or pulmonary valve replacements,
because of the higher success rate and low risk of systemic
embolism.

In case of haemodynamic instability a short protocol is recom-
mended, using either intravenous recombinant tissue plasminogen
activator 10 mg bolus + 90 mg in 90 minutes with UFH, or
streptokinase 1 500 000 U in 60 minutes without UFH. Longer
durations of infusions can be used in stable patients.234

Fibrinolysis is less likely to be successful in mitral prostheses, in
chronic thrombosis, or in the presence of pannus, which can be
difficult to distinguish from thrombus.210,233

Non-obstructive prosthetic thrombosis is diagnosed using TOE,
performed after an embolic event, or systematically following
mitral valve replacement with a mechanical prosthesis. Manage-
ment depends mainly on the occurrence of a thromboembolic

event and the size of the thrombus (Figure 6). Close monitoring
by TOE is mandatory. The prognosis is favourable with medical
therapy in most cases of small thrombus (,10 mm). A good
response with gradual resolution of the thrombus obviates the
need for surgery. Conversely, surgery should be considered for
large (≥10 mm) non-obstructive prosthetic thrombus complicated
by embolism (recommendation class IIa, level of evidence C) or
which persists despite optimal anticoagulation.217 Fibrinolysis may
be considered if surgery is at high risk. However, it should only
be used where absolutely necessary because of the risks of
bleeding and thromboembolism.

11.2.4 Management of thromboembolism
Thromboembolism after valve surgery is multifactorial in origin.203

Although thromboembolic events frequently originate from the
prosthesis, many others arise from other sources and are part of
the background incidence of stroke and transient ischaemic
attack in the general population.

Thorough investigation of each episode of thromboembolism is
therefore essential (including cardiac and non-cardiac imaging:
Figure 6), rather than simply increasing the target INR or adding
an antiplatelet agent. Prevention of further thromboembolic
events involves:

† Treatment or reversal of risk factors such as AF, hypertension,
hypercholesterolaemia, diabetes, smoking, infection, and pro-
thrombotic blood test abnormalities.

† Optimization of anticoagulation control, if possible with patient
self-management, on the basis that better control is more
effective than simply increasing the target INR. This should be
discussed with the neurologist in case of recent stroke.

† Low-dose aspirin (≤100 mg daily) should be added, if it was not
previously prescribed, after careful analysis of the risk-benefit
ratio, avoiding excessive anticoagulation.

11.2.5 Management of haemolysis and paravalvular leak
Blood tests for haemolysis should be part of routine follow-up
after valve replacement. Haptoglobin measurement is too sensi-
tive and lactate dehydrogenase, although non-specific, is better
related to the severity of haemolysis. The diagnosis of haemolytic
anaemia requires TOE to detect a paravalvular leak (PVL) if TTE
is not contributive. Reoperation is recommended if PVL is
related to endocarditis, or if PVL causes haemolysis requiring
repeated blood transfusions or leading to severe symptoms
(recommendation class I, level of evidence C). Medical therapy,
including iron supplementation, beta-blockers and erythropoietin,
is indicated in patients with severe haemolytic anaemia and PVL
not related to endocarditis, where contraindications to surgery
are present, or in those patients unwilling to undergo reopera-
tion.235 Transcatheter closure of PVL is feasible but experience
is limited and there is presently no conclusive evidence to
show a consistent efficiency.236 It may be considered in selected
patients in whom reintervention is deemed high-risk or is
contraindicated.

11.2.6 Management of bioprosthetic failure
After the first 5 years following implantation—and earlier in
young patients—yearly echocardiography is required indefinitely
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to detect early signs of SVD, leaflet stiffening, calcification,
reduced effective orifice area, and/or regurgitation. Auscultatory
and echocardiographic findings should be carefully compared
with previous examinations in the same patient. Reoperation is
recommended in symptomatic patients with a significant increase
in trans-prosthetic gradient or severe regurgitation (recommen-
dation class I, level of evidence C). Reoperation should be con-
sidered in asymptomatic patients with any significant prosthetic
dysfunction, provided they are at low risk for reoperation (rec-
ommendation class IIa, level of evidence C). Prophylactic replace-
ment of a bioprosthesis implanted .10 years ago, without
structural deterioration, may be considered during an intervention

on another valve or on the coronary arteries (recommendation
class IIb, level of evidence C).

The decision to reoperate should take into account the risk of
reoperation and the emergency situation. This underlines the
need for careful follow-up to allow for timely reoperation.237

Percutaneous balloon interventions should be avoided in the
treatment of stenotic left-sided bioprostheses.

Treating bioprosthetic failure by transcatheter valve-in-valve im-
plantation has been shown to be feasible.238,239 Current evidence
is limited, therefore it cannot be considered as a valid alternative to
surgery except in inoperable or high-risk patients as assessed by a
‘heart team’.

Surgerya SurgeryaFollow-up

Yes No

NoYes

NoYes

Fibrinolysisa Fibrinolysisa

Yes No

IV UFH ± aspirin

Success Failure

Suspicion of thrombosis

Surgery immediately available Recent inadequate anticoagulation

Echo (TTE + TOE/fluoroscopy) 

Obstructive thrombus 

Critically ill

High risk for surgery

IV UFH = intravenous unfractionated heparin; TOE = transoesophageal echocardiography; TTE = transthoracic echocardiography.
aRisk and benefits of both treatments should be individualized.The presence of a first-generation prosthesis is an incentive to surgery.

Figure 5 Management of left-sided obstructive prosthetic thrombosis.
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11.2.7 Heart failure
HF after valve surgery should lead to a search for
prosthetic-related complications, deterioration of repair, LV dys-
function or progression of another valve disease. Non-valvular-
related causes such as CAD, hypertension or sustained arrhyth-
mias should also be considered. The management of patients
with HF should follow the relevant guidelines.13

12. Management during
non-cardiac surgery
Cardiovascular morbidity and mortality is increased in patients
with VHD (mainly severe VHD) who undergo non-cardiac
surgery. Perioperative management of patients with VHD relies

Follow-up

No Yes

YesNo

YesNo

NoYes

Yes No

Disappearance
or decrease
of thrombus

Persistence
of thrombus

Suspicion of thrombosis

Surgery
(or fibrinolysis if

surgery is at high risk)

Large thrombus ( 10 mm)

Persistence of
thrombus or TE

Optimize
anticoagulation.

Follow-up

Large thrombus ( 10 mm)

Echo (TTE + TOE/fluoroscopy) 

Non-obstructive thrombus 

Optimize anticoagulation.
Follow-up (clinical + echo)

Thromboembolism (clinical/cerebral imaging)

Recurrent TE

Optimize
anticoagulation.

Follow-up

TE = thromboembolism; TOE = transoesophageal echocardiography; TTE = transthoracic echocardiography.

Figure 6 Management of left-sided non-obstructive prosthetic thrombosis.
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on lower levels of evidence than those used for ischaemic heart
disease, as detailed in specific ESC Guidelines.227

12.1 Preoperative evaluation
Clinical assessment should search for symptoms, arrhythmias and
the presence of a murmur—which justifies echocardiographic
examination, particularly in the elderly.

Cardiovascular risk is also stratified according to the type of
non-cardiac surgery and classified according to the risk of cardiac
complications.227

Each case should be individualized and discussed with cardiolo-
gists, anaesthetists (ideally cardiac anaesthetists), surgeons (both
cardiac and the ones undertaking the non-cardiac procedure),
and the patient and his/her family.

12.2 Specific valve lesions
12.2.1 Aortic stenosis
In patients with severe AS needing urgent non-cardiac surgery,
surgery should be performed under careful haemodynamic
monitoring.

In patients with severe AS needing elective non-cardiac surgery,
the management depends mainly on the presence of symptoms
and the type of surgery (Figure 7).227,240,241

In symptomatic patients, AVR should be considered before
non-cardiac surgery. A high risk for valvular surgery should lead
to re-evaluation of the need to carry out non-cardiac surgery
before considering balloon aortic valvuloplasty or TAVI.

In asymptomatic patients with severe AS, non-cardiac surgery at
low- or moderate risk can be performed safely.240 If non-cardiac
surgery is at high risk, the presence of very severe AS, severe
valve calcification or abnormal exercise test results are incentives
to consider AVR first. In asymptomatic patients who are at high
risk for valvular surgery, non-cardiac surgery, if mandatory,
should be performed under strict haemodynamic monitoring.

When valve surgery is needed before non-cardiac surgery, a
bioprosthesis is the preferred substitute, in order to avoid anticoa-
gulation problems during the subsequent non-cardiac surgery.

12.2.2 Mitral stenosis
In asymptomatic patients with significant MS and a systolic
pulmonary artery pressure ,50 mmHg, non-cardiac surgery can
be performed safely.

No Yes

High HighLow

Low-moderate High

Severe AS and need for elective non-cardiac surgery

Non-cardiac
surgery

Non-cardiac
surgery

under strict 
monitoring

AVR before
noncardiac

surgery

Non-cardiac surgery
under strict monitoring
Consider BAV/TAVIb

Risk of non-cardiac surgerya

Patient risk
for AVR

Symptoms

Patient risk 
for AVR

Low

AS = aortic stenosis; AVR = aortic valve replacement; BAV = balloon aortic valvuloplasty; TAVI = transcatheter aortic valve implantation.
aClassification into three groups according to the risk of cardiac complications (30-day death and myocardial infarction) for non-cardiac surgery (227) (high risk >5%; intermediate
risk 1–5%; low risk <1%).
bNon-cardiac surgery performed only if strictly needed.The choice between balloon aortic valvuloplasty and transcatheter aortic valve implantation should take into account
patient life expectancy.

Figure 7 Management of severe aortic stenosis and elective non-cardiac surgery according to patient characteristics and the type of surgery.
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In symptomatic patients or in patients with systolic pulmonary
artery pressure .50 mmHg, correction of MS—by means of
PMC whenever possible—should be attempted before non-cardiac
surgery if it is high risk. If valve replacement is needed, the decision
to proceed before non-cardiac surgery should be taken with
caution and individualized.

12.2.3 Aortic and mitral regurgitation
In asymptomatic patients with severe MR or AR and preserved LV
function, non-cardiac surgery can be performed safely. The pres-
ence of symptoms or LV dysfunction should lead to consideration
of valvular surgery, but this is seldom needed before non-cardiac
surgery. If LV dysfunction is severe (EF ,30%), non-cardiac
surgery should only be performed if strictly necessary, after opti-
mization of medical therapy for HF.

12.2.4 Prosthetic valves
The main problem is the adaptation of anticoagulation in patients
with mechanical valves, which is detailed in Interruption of anticoagu-
lant therapy (Section 11.2.2.5).

12.3 Perioperative monitoring
Perioperative management should be used to control heart rate
(particularly in MS), to avoid fluid overload as well as volume
depletion and hypotension (particularly in AS) and to optimize
anticoagulation if needed.240

In patients with moderate-to-severe AS or MS, beta-blockers or
amiodarone can be used prophylactically to maintain sinus
rhythm.241 The use of beta-blockers and statins should be adapted
to the risk of ischaemic heart disease according to guidelines.

It is prudent to electively admit patients with severe VHD to
intensive care postoperatively.

13. Management during pregnancy
The management of VHD during pregnancy is detailed in the ESC
Guidelines on pregnancy.207 In brief, management before and
during pregnancy—and planning of delivery—should be discussed
between obstetricians, cardiologists and the patient and her
family, according to specific guidelines. Ideally, valve disease
should be evaluated before pregnancy and treated if necessary.
Pregnancy may be discouraged in certain conditions.

13.1 Native valve disease
MS is often poorly tolerated when valve area is ,1.5 cm2, even in
previously asymptomatic patients. Symptomatic MS should be
treated using bed rest and beta-blockers, possibly associated
with diuretics. In the case of persistent dyspnoea or pulmonary
artery hypertension despite medical therapy, PMC should be con-
sidered after the 20th week in experienced centres. Anticoagulant
therapy is indicated in selected cases.207

Complications of severe AS occur mainly in patients who were
symptomatic before pregnancy. The risk of HF is low when mean
aortic gradient is ,50 mmHg.

Chronic MR and AR are well-tolerated, even when severe, pro-
vided LV systolic function is preserved. Surgery under cardiopul-
monary bypass is associated with a foetal mortality rate of
between 20–30% and should be restricted to the rare conditions
that threaten the mother’s life.

13.2 Prosthetic valves
Maternal mortality is estimated at between 1–4% in women with
mechanical valves. These patients should be informed of the risks
and constraints due to anticoagulant therapy if pregnancy occurs.
During the first trimester, in choosing between vitamin K antago-
nists, UFH, and LMWH, the respective maternal- and foetal risks
should be weighed up carefully. Vitamin K antagonists are favoured
during the second and third trimester until the 36th week, when
they should be replaced by heparin.207
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Schäfers H-J. Ring+string: successful repair technique for ischemic mitral regur-
gitation with severe leaflet tethering. Circulation 2009;120(11 Suppl):S85–S91.

157. Grossi EA, Patel N, Woo YJ, Goldberg JD, Schwartz CF, Subramanian V,
Feldman T, Bourge R, Baumgartner N, Genco C, Goldman S, Zenati M,
Wolfe JA, Mishra YK, Trehan N, Mittal S, Shang S, Mortier TJ, Schweich CJ Jr;
RESTOR-MV Study Group. Outcomes of the RESTOR-MV trial (Randomized
Evaluation of a Surgical Treatment for Off-Pump Repair of the Mitral Valve).
J Am Coll Cardiol 2010;56:1984–1993.

158. Schofer J, Siminiak T, Haude M, Herrman JP, Vainer J, Wu JC, Levy WC, Mauri L,
Feldman T, Kwong RY, Kaye DM, Duffy SJ, Tübler T, Degen H, Brandt MC, Van
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