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Approximately 50 000 valve replacement operations take place in Europe annually and almost as many
valve repair procedures. Previous European guidelines on management of patients after valve surgery
were last published in 1995 and were limited to recommendations about antithrombotic prophylaxis.1
American guidelines covering the broader topic of the investigation and treatment of patients with
valve disease were published in 1998 but devoted relatively little space to post-surgical management.2
This document represents the consensus view of a committee drawn from three European Society of
Cardiology (ESC) Working Groups (WG): the WG on Valvular Heart Disease, the WG on Thrombosis,
and the WG on Rehabilitation and Exercise Physiology.
In almost all areas of patient management after valve surgery, randomized trials and meta-analyses
do not exist. Such randomized trials as do exist are very few in number, are narrowly focused with small
numbers, have limited general applicability, and do not lend themselves to meta-analysis because of
widely divergent methodologies and different patient characteristics. Recommendations are therefore
almost entirely based on non-randomized studies and relevant basic science.

The early post-operative period
and rehabilitation
Recommendations
(i) The beneﬁts of rehabilitation following coronary artery
surgery have been well documented, and one study
following valve surgery has demonstrated similar
beneﬁts from exercise training.3 A multidisciplinary
rehabilitation programme should therefore be available
for all patients undergoing valve surgery. This is particularly important for patients whose post-operative
course has been complicated by heart failure.
(ii) Whether rehabilitation should be conducted on an
inpatient or outpatient basis should be determined
by the availability of local facilities and the pattern
of the patient’s recovery.4
(iii) Baseline echocardiography should be performed on all
patients post-operatively and at the completion of
rehabilitation to permit comparison with future
studies during long-term follow-up.5
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(iv) Patients should be educated about anticoagulation,
including drug interactions and self-management if
appropriate,6 about the recognition of important
symptoms and about the elements of a healthy
lifestyle.
(v) Selected patients should be offered exercise training,
bearing in mind that exercise tolerance after mitral
valve replacement (MVR) is much lower than that
after aortic valve replacement (AVR), particularly if
there is residual pulmonary hypertension.7
(vi) Good candidates for exercise training include patients
with AVR and normal left ventricular (LV) function and
patients who have undergone successful mitral valve
repair with preserved LV function.8 Patients likely to
be suitable should undergo a submaximal exercise
test about 2 weeks after surgery to guide detailed
exercise recommendations.

Antithrombotic management
Recommendations
(i) Antithrombotic management should encompass the
effective management of risk factors for thromboembolism (TE) in addition to the prescription of
antithrombotic drugs.9,10
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(ii) Until new direct antithrombin drugs are licensed for
patients following valve surgery, vitamin K antagonist
drugs will be required for oral anticoagulation.11
(iii) Oral anticoagulation is recommended for the following
situations.
(a) Lifelong for all patients with mechanical valves
irrespective of valve type or date of introduction.12
(b) Lifelong for patients with bioprostheses or mitral
repair who have other indications for anticoagulation, e.g. atrial ﬁbrillation (AF), heart
failure, and impaired LV function (ejection fraction ,30%).12
(c) For the ﬁrst 3 months, in all patients with bioprostheses or mitral valve repair involving the
use of a prosthetic annuloplasty ring. Although
there is widespread use of aspirin as an alternative
to anticoagulation for the ﬁrst 3 months in
patients with no other indications for anticoagulation, there are no randomized studies to support
the safety of this strategy.13,14
(iv) Patients with bioprostheses or mitral valve repair who
are not on anticoagulation require close follow-up not
only to detect evidence of structural degeneration or
recurrence of mitral regurgitation, but also to detect
the onset of AF.15
(v) The mode of initiation of anticoagulation immediately after valve surgery varies widely with no randomized trials to guide practice. Until data from
randomized trials are available, intravenous unfractionated heparin, monitored to an aPTT of 1.5–2.0 until a
therapeutic INR is achieved with oral anticoagulation,
is probably safer than subcutaneous low molecular
weight heparin (LMWH) or subcutaneous unfractionated heparin.16 If LMWH is used, antifactor Xa monitoring should be employed to ensure optimum
anticoagulation,16 particularly in patients with renal
failure or obesity, in whom dosage may be difﬁcult
to determine.17
(vi) The choice of optimum INR for oral anticoagulation
should take into account patient risk factors and the
thrombogenicity of the individual prosthesis as determined by reported valve thrombosis rates for that
prosthesis in relation to speciﬁc INR levels.18–20
Reported thrombo-embolic rates in the literature do
not provide sufﬁcient guidance about individual
prosthesis thrombogenicity as they are heavily inﬂuenced by so many other patient-related factors and
the methods of data collection.18–20 Unfortunately,
currently available randomized trials comparing
different INRs offer little general guidance due
to limitations imposed by their selection criteria,
small numbers of patients with short follow-up, and
varied methodologies, making them unsuitable for
meta-analysis.21–26
Certain caveats apply:
(a) Prostheses cannot be conveniently categorized by
basic design (e.g. bileaﬂet, tilting disc, etc.) or
date of introduction for the purpose of determining thrombogenicity.
(b) For many prostheses on the market, sufﬁcient data
on valve thrombosis rates at different levels of INR
do not exist to allow categorization. Until further
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Adjust target INR to intracardiac
conditions and prosthesis
thrombogenicity

Prosthesis
thrombogenicity
(as determined
by valve thrombosis
rates)19,20,24–27

Without
risk
factors

With risk
factors

SR
LA 0
MVgr 0
LV normal
SEC 0
AVR

AF
LA . 50 mm
MVgr þ
EF ,35%
SEC þ
MVR, TVR, PVR

Low

2.5

3.0

Medium

3.0

3.5

High

3.5

4.0

Low ¼ Medtronic Hall, St Jude Medical (without Silzone), Carbomedics
AVR, bioprostheses.
Medium ¼ Bileaﬂet valves with insufﬁcient data, Bjork–Shiley valves.
High ¼ Lillehei Kaster, Omniscience, Starr Edwards.
SR, sinus rhythm; LA, left atrium; MVgr, mitral valve gradient; EF,
ejection fraction; SEC, spontaneous echo contrast; TVR and PVR,
tricuspid and pulmonary valve replacement, respectively.

data become available, they should be placed in
the ‘medium thrombogenicity’ category.
(c) Newly introduced prostheses require particularly
careful evaluation before categorization on the
basis of thrombogenicity. History has shown that
lower thrombogenicity in comparison with older
designs cannot be assumed. These prostheses
also should be categorized as of ‘medium thrombogenicity’ until reliable scientiﬁc data become
available to re-categorize them.
(d) INR recommendations in individual patients may
need to be revised downwards if recurrent bleeding occurs from a pathological source not amenable to treatment.
(vii) The risk of major bleeding begins to rise when the INR
exceeds 4.5 and rises steeply and exponentially above
an INR of 6.0.28 An INR of 6.0 therefore requires
reversal of anticoagulation. However, in patients
with prosthetic valves who are not bleeding, intravenous vitamin K should not be used because of the
risk of valve thrombosis if the INR falls rapidly. The
patient should be admitted to hospital, the oral anticoagulant stopped, and the INR allowed to fall gradually. If the INR is .10.0, consideration should be
given to the use of fresh-frozen plasma.29
(viii) Bleeding with a therapeutic INR is often related to an
underlying pathological cause and it is important to
identify and treat it.
(ix) In patients who are bleeding with a high INR, a risk
assessment must be made according to the severity,
site, and controllability of bleeding. If the risk to life
from continued bleeding, inaccessible to local
control, is greater than that of valve thrombosis
(e.g. intracranial bleeding), cessation of anticoagulation should be accompanied by prothrombin complex
concentrate. Intravenous vitamin K may also be
necessary if bleeding continues, as the half-life of
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(x)

(xi)

(xii)

(xiii)

(xiv)

factor VII is only 6 h. However, it should be recognized
that both factor concentrates and vitamin K increase
the risk of valve thrombosis.29 Intracranial and, in particular, intracerebral haemorrhage always necessitates reversal of anticoagulation.30 The exact timing
of the resumption of anticoagulation remains controversial but the committee recommends that it should
be resumed after 1 week as the long-term risk of
further intracranial bleeding is lower than that of
valve thrombosis and TE.
Poor anticoagulation control with high variability of
the INR is the strongest independent predictor of
reduced survival after valve replacement.31 Self-management of anticoagulation has been shown to reduce
INR variability and should therefore be recommended
in all patients who, after a period of education and
training, have the ability and understanding to
control their own anticoagulation.6
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 vascular disease and those speciﬁc
to prosthetic valves when computing the risk:beneﬁt
ratio. Trials showing a beneﬁt from antiplatelet
drugs in vascular disease32 and in patients with prosthetic valves and vascular disease33 should not be
taken as evidence that patients with prosthetic
valves and no vascular disease will also beneﬁt.
With the exception of dipyridamole, the addition of an
antiplatelet agent to anticoagulation increases the
risk of major bleeding.33–37 Hyper-responders to
aspirin (excessive prolongation of the bleeding time)
are at particular risk.38 Antiplatelet agents should,
therefore, not be prescribed for all patients with prosthetic valves, but should be reserved for speciﬁc indications only. In each patient, a balance must be
achieved between probable beneﬁt and the increased
risk of bleeding, particularly intracerebral haemorrhage, as the latter carries a very high mortality
rate. With the possible exception of intracoronary
stenting, all indications are thus relative rather than
absolute.
Relative indications for the addition of an antiplatelet
agent to anticoagulation are as follows.
(a) Concomitant arterial disease.32
(b) Following intracoronary stenting.39
(c) Recurrent embolism, but only after full investigation, treatment of identiﬁed risk factors and
optimization of anticoagulation management
have failed to abolish the problem.
(d) In patients with caged ball valves, in particular,
dipyridamole should be considered rather than
aspirin in view of its apparent efﬁcacy in prostheses of this unique design, with less risk of
bleeding than aspirin.34,35
Relative contraindications to the use of concomitant
antiplatelet agents are as follows.
(a) Previous history of gastrointestinal bleeding, particularly from ulcer disease or angiodysplasia.40
(b) Hyper-responders to aspirin, with excessively prolonged bleeding time.38
(c) Poorly controlled hypertension, due to the
increased risk of intracerebral haemorrhage41
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and the lack of efﬁcacy of aspirin in preventing
stroke in hypertension.42–44
(d) Elderly patients, particularly women aged .75.43
(e) Patients on multiple medications, patients who
require frequent courses of antibiotics and
patients whose anticoagulation control, despite
all efforts, is extremely erratic.
(xv) Although most instances of short-term anticoagulation
interruption do not lead to TE or valve thrombosis,
the corollary is that most cases of valve thrombosis
occur following a period of anticoagulation interruption for bleeding or another operative procedure.45,46
Anticoagulation management during subsequent noncardiac surgery therefore requires very careful management based on risk assessment. High-risk patients
include those in the following categories.9,10,47
(a) Patients with risk factors for TE, especially
patients with multiple risk factors, i.e. AF, past
history of TE, heart failure, impaired LV function
(ejection fraction 30%), and hypercoagulability.
(b) Patients with mechanical prostheses in the mitral
position.
(c) Patients with particular types of mechanical prostheses known to have a high incidence of valve
thrombosis in the presence of a low INR (see
table above).
(d) Patients undergoing surgery for malignant disease
or an infective process, due to the hypercoagulability associated with these conditions.
The risk of anticoagulation interruption increases in
proportion to the number of factors in the categories
described above.47 For very high-risk patients, anticoagulation interruption should be avoided if at all possible. Many minor surgical procedures (including dental
extraction) and those where bleeding is easily controlled do not require anticoagulation interruption.48
The INR should be gradually lowered to a target of
2.0, surgical haemostasis should be meticulous and,
where appropriate, post-operative drainage should be
used to prevent haematoma formation.
(xvi) For major surgical procedures, the risk of bleeding
varies according to surgical site.49 If interruption of
oral anticoagulation is considered essential, patients
should be admitted to hospital in advance and transferred to intravenous unfractionated heparin (aPTT
1.5–2.0) while the INR is gradually reduced. The
safety of LMWH given subcutaneously at home, as an
alternative pre-operative preparation for surgery, has
not been established. Effective anticoagulation with
intravenous heparin should be resumed as soon as
possible after the surgical procedure and maintained
until the INR is once again in the therapeutic range.

Follow-up after surgery
Recommendations
(i) The ﬁrst post-operative visit to hospital or a cardiac
specialist should be within 6 weeks of discharge if
there has been no period of inpatient rehabilitation,
or within 12 weeks if a rehabilitation programme has
been completed.
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(ii) At the ﬁrst post-operative visit, it is important to assess
the completeness of wound healing and to establish
baselines for continued follow-up in terms of:
(a) Symptomatic status and physical signs.
(b) Heart rhythm and ECG abnormalities.
(c) Chest X-ray, to ensure resolution of any post-operative abnormalities.
(d) Echocardiography to assess any pericardial effusion, ventricular function, prosthetic function,
the competence of valve repair, and disease at
other valve sites.
(e) Routine haematology and biochemistry and tests
for haemolysis.
(iii) The frequency of future follow-up should be determined by the patient’s progress and by local facilities,
but ideally all patients who have undergone valve
surgery should continue to be followed-up at a
cardiac centre in order to detect, at an early stage,
deterioration in prosthetic function, recurrence of
regurgitation following valve repair, or progression of
disease at another valve site, any of which can occur
with relatively little or no change in symptoms.2
(iv) The frequency of echocardiography during follow-up
should be determined by the results of previous echocardiography, symptomatic status, the type of surgery
and the existence of other pathology.5,50 Patients
requiring echocardiography at a clinic visit include:
(a) Patients in whom a previously identiﬁed abnormality requires monitoring for progression or response
to treatment, e.g. mitral regurgitation, sewing
ring thrombus, previous endocarditis, etc.
(b) Patients with new symptoms suggestive of prosthetic dysfunction, progression of another valve
lesion, or worsening LV function. If prosthetic dysfunction is suspected, transoesophageal echocardiography and cineﬂuoroscopy may also be
required to supplement transthoracic echocardiography.5 Cineﬂuoroscopy is useful for detecting
early limitation of leaﬂet movement in bileaﬂet
and tilting disc valves.51
(c) Patients with bioprostheses, homografts or autografts, to detect structural deterioration or, in
the case of the Ross procedure, to detect aortic
root dilatation,52 progressive aortic regurgitation,
or structural deterioration in the pulmonary homograft.53 The likelihood of these complications
increases after the ﬁrst 5 years.
(d) Patients with Marfan’s syndrome, to detect progressive dilatation of the aorta or progressive
mitral regurgitation.54
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(ii)

(iii)

(iv)

(v)

(vi)

(vii)

early post-operative period.55 The risk is also higher
in the presence of structural valve deterioration with
associated calciﬁcation.55 Distortion of stentless bioprostheses due to inaccurate implantation technique
can also pre-dispose to valve thrombosis.56
Valve thrombosis should be suspected in any patient
with any type of prosthetic valve who presents with
a recent increase in shortness of breath or fatigue,
because valve thrombosis can develop slowly and insidiously over several days or weeks. Suspicion should be
higher if there has been a period of interrupted or subtherapeutic anticoagulation in the preceding few
weeks or if there has been a cause for increased coagulability (e.g. dehydration, infection, etc.).
The diagnosis should be conﬁrmed by transthoracic
and/or transoesophageal echocardiography57 or
cineﬂuoroscopy.51
If valve thrombosis is the suspected or proven diagnosis, the patient should be immediately transferred to a
cardiac centre with cardiac surgical facilities after
giving 5000 U of heparin intravenously.
Urgent or emergency valve replacement should be the
treatment of choice for obstructive thrombosis of AVR
or MVR in critically ill patients without serious comorbidities to avoid the risks of systemic embolism
and recurrent thrombosis with thrombolysis (vide infra ).
Thrombolysis should be considered in:
(a) Critically ill patients with AVR or MVR unlikely to
survive surgery because of serious co-morbidities
and poor performance status prior to developing
valve thrombosis.
(b) Situations in which surgical treatment is not
immediately available and the patient is in extremis and cannot be transferred.
(c) Thrombosis of tricuspid or pulmonary valve replacements, because of the high success rate and low
incidence of embolism.
Thrombolysis is less likely to be successful in MVR, in
chronic thrombosis, or in the presence of pannus
(tissue ingrowth).58,59 The risk of systemic embolism
from prostheses on the left side of the heart is 20%
and the risk of recurrent valve thrombosis is about
the same. The risk of major bleeding is 5%.58,59
In haemodynamically stable patients with mild or no
obstruction, in whom acute discontinuation or recent
subtherapeutic anticoagulation is considered the
most likely cause for valve thrombosis, a short
course of intravenous heparin should be used ﬁrst,
closely monitored by echocardiography and/or cineﬂuoroscopy.51 A good response with gradual resolution
of the thrombus obviates the need for either surgery
or thrombolysis.

Management of valve thrombosis
Recommendations
(i) There should be awareness of the possibility of valve
thrombosis in any patient with a prosthetic valve,
whether mechanical or bioprosthetic. Obstructive
valve thrombosis can also occur in stentless bioprostheses and has even been witnessed in an aortic homograft. In patients with bioprostheses, the risk of
valve thrombosis is highest in unanticoagulated
patients in the presence of low cardiac output in the

Management of thromboembolism
Recommendations
(i) It should be recognized that TE after valve surgery is
multifactoral both in its aetiology and in its origin.9
Although many TE events will have originated from
thrombus or a vegetation on a prosthesis or as a
result of the abnormal ﬂow conditions created by a
prosthesis, many others will have arisen from other
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sources as a result of other pathogenetic mechanisms60 and be part of the background incidence of
stroke and TIA in the general population.61 This underlines the importance of thorough investigation of each
episode of TE, rather than simply increasing the target
INR or adding an antiplatelet agent.
(ii) Investigation of TE should include:
(a) Review of the quality of anticoagulation control.
(b) Thorough auscultation to detect new murmurs or
mufﬂing of prosthetic heart sounds.
(c) Checking for evidence of endocarditis, especially
if there has been a recent infective focus, recent
dental treatment, or recent surgery.
(d) A search for new risk factors, e.g. AF, hypertension, and diabetes.
(e) Blood tests for prothrombotic factors.9
(f) Transthoracic and transoesophageal echocardiography to search for aortic atheroma and intracardiac or prosthetic thrombus and to assess
prothrombotic ﬂow conditions. Cineﬂuoroscopy
may also be useful in detecting restricted leaﬂet
movement if a small thrombus at the hinge of a
bileaﬂet valve is suspected.51
(g) Carotid Doppler examination to identify carotid
atheroma as a possible source in TE events
causing stroke or TIA.
(h) In the case of cerebrovascular TE events, cerebral
imaging using either CT or MRI should be performed
to exclude intracerebral haemorrhage, to document the size of the recent infarction, and
to detect other previously ‘silent’ areas of
infarction.
(iii) Treatment strategy of recent cerebrovascular events
remains controversial, balancing the risk of recurrent
embolism, if anticoagulation is withheld or reversed,
against the risk of haemorrhagic transformation if it
is continued or increased. The risk of recurrent embolism depends on the source and the mechanism
involved (e.g. high risk if there is left atrial or prosthetic thrombus still present), but overall, in the ﬁrst 2
weeks, the risk of early recurrent embolism is lower
than the risk of haemorrhagic transformation in a
large infarct. If the infarct is .35% of the cerebral
hemisphere or if there is uncontrolled hypertension,
oral anticoagulation should be withheld for at least 5
days, until hypertension is controlled, and until a
repeat CT scan shows no haemorrhagic transformation.
In the meantime, intravenous heparin (aPTT 1.5–2.0)
can be used.
(iv) Prevention of further TE events involves:
(a) Treatment or reversal of remediable risk factors
such as AF, hypertension, hypercholesterolaemia,
diabetes, smoking, chronic infection, and prothrombotic blood test abnormalities.
(b) 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.
(c) Because of the increased risk of bleeding, antiplatelet drugs should not be prescribed ‘automatically’ in all cases, but rather targeted to speciﬁc
situations in which there is likely to be a beneﬁt,
e.g. in arterial disease. If aspirin is used, it
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should be prescribed in a low-dose formulation
(100 mg daily) and combined with low-intensity
anticoagulation (INR 2.5–3.5 depending on the
site of the prosthesis and its thrombogenicity).

Management of haemolysis
Recommendations
(i) As ‘subclinical’ haemolysis is common with normally
functioning prostheses of all types (more common
with mechanical valves),62 haemolysis only becomes
a serious issue if it is severe enough to cause
anaemia.63 Nevertheless, blood tests to detect haemolysis (LDH, haptoglobin, reticulocyte count) should
be part of routine follow-up in order that trends can
be monitored. Absence of anaemia does not exclude
signiﬁcant haemolysis compensated by enhanced
erythropoiesis.62
(ii) If anaemia occurs in association with haemolysis, it is
important to establish that it is entirely caused by
haemolysis and not due to the co-existence of conditions (deﬁciency of iron, vitamin B12, or folates),
which limit the bone marrow capacity to compensate
for red cell loss.
(iii) Identiﬁcation of true haemolytic anaemia necessitates
thorough investigation of the prosthetic valve, as
severe haemolysis is almost always associated with
abnormal function, usually either paravalvular leak
(PVL) or, in the case of bioprostheses, structural
deterioration. Transoesophageal echocardiography is
often required in addition to transthoracic echocardiography as the latter may not detect signiﬁcant PVL,
particularly in the mitral position.64 Haemolytic
anaemia due to prosthetic dysfunction is an indication
for re-operation in patients who are otherwise ﬁt for
surgery.
(iv) In patients with haemolytic anaemia in whom re-operation would be associated with high risk, medical
treatment can often keep the anaemia under
control. It comprises:
(a) Iron supplementation and correction of any other
deﬁciency, adjusted according to the response to
treatment.
(b) Beta-blockers to reduce transvalvular ﬂow velocities and associated shear stress.
(c) Erythropoietin therapy for particularly severe haemolytic anaemia, when other measures have been
unsuccessful.65

Endocarditis prophylaxis
Recommendations
(i) The risk of prosthetic valve endocarditis (PVE) is
highest in the ﬁrst 3–6 months after prosthetic valve
implantation, but thereafter remains relatively constant.66 Therefore, there is a lifelong requirement
for antibiotic prophylaxis for dental, endoscopic, and
surgical procedures.67 Patients with annuloplasty
rings are also at risk, although the risk is lower than
that of prosthetic valves.
(ii) Vigilance for the symptoms and signs of PVE throughout follow-up is essential, particularly in those
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patients with risk factors for PVE which include previous endocarditis, diabetes, renal failure, advanced
NYHA class, double valve replacement, and poor anticoagulation control.31,68–70 Vigilance should be
enhanced in high-risk patients with more frequent
follow-up in the early months after any surgical
procedure.
(iii) Prevention of early PVE (PVE occurring in the ﬁrst few
months after implantation) requires measures to be
taken at the time of valve surgery and during the
early post-operative period, comprising:
(a) Pre-operative intranasal treatment for patients
who are nasal carriers of Staphylococcus aureus.
(b) Meticulous skin preparation and avoidance of
wound haematoma and haemopericardium.
(c) Antibiotic prophylaxis of short duration (48 h or
until chest drains are removed), directed mainly
against staphylococci, the most common pathogens in early PVE. Vancomycin or teicoplanin
should be used where the risk of MRSA is high
(patients who have been in hospital for a prolonged period prior to surgery).
(d) Scrupulous care and early removal of intravenous
lines and urinary catheters.
(iv) Prevention of late PVE involves commonsense
measures in addition to antibiotic prophylaxis.
(a) Patient education about oral hygiene, regular
dental care, and antibiotic prophylaxis.
(b) Patient education about the early symptoms
and signs of PVE. In particular, it should be
stressed that any fever that lasts more than 2 or
3 days should be a matter for medical consultation and that self-administration of antibiotics
should be avoided before blood cultures have
been taken.
(c) Wherever possible, invasive procedures such as
intravenous lines and urinary catheterization
should be avoided unless absolutely essential.
(d) Surgical procedures, even minor procedures,
require scrupulous asepsis and avoidance of
wound haematoma formation.
(v) Appropriate antibiotic prophylaxis is the mainstay of
late PVE prevention and needs to be adjusted to the
type of procedure which the patient is about to
undergo.71,72
(a) For dental, oral, respiratory, and oesophageal procedures, prophylaxis is required mainly against
streptococci. Amoxycillin is the preferred antibiotic in a single dose of 2 or 3G 1 h prior to the
procedure. Patients allergic to penicillin should
receive
clindamycin,
azithromycin,
or
clarithromycin.
(b) For
gastrointestinal
and
genitourinary
procedures, prophylaxis should be directed
mainly against Enterococcus faecalis, using
ampicillin 2G intravenously plus gentamycin
30 min before starting the procedure with a
second dose 6 h after the procedure. Patients
allergic to penicillin should receive vancomycin
plus gentamycin.
(c) For procedures on infected tissues, antibiotics
appropriate to the particular organism(s) causing
the infection should be continued.
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Management of prosthetic valve endocarditis
Recommendations
(i) PVE is an extremely serious condition with a high mortality rate. A high index of suspicion needs to be maintained, particularly in those patients at higher risk of
PVE (discussed earlier). If PVE is suspected, the
patient should be referred immediately to a cardiac
centre with facilities for cardiac surgery, as early
and effective treatment reduces mortality.
(ii) If PVE is suspected, several blood cultures must be
taken before any antibiotics are administered. The
diagnosis rests predominantly on the combination of
positive blood cultures and echocardiographic evidence of prosthetic infection, including vegetations,
paraprosthetic abscesses, or a new paraprosthetic
leak.73 Transoesophageal echocardiography is essential because of its greater sensitivity in detecting
these abnormalities.64 However, negative blood cultures or inconclusive echocardiographic ﬁndings do
not exclude the diagnosis of PVE. Early in the course
of PVE, echocardiographic changes may be absent or
extremely subtle. Serial transoesophageal echocardiography performed by an experienced operator is
therefore very important. Serial blood cultures
should also be performed.
(iii) Treatment of PVE requires a specialist multidisciplinary approach involving cardiologists, cardiac surgeons,
microbiologists, and, if necessary, intensivists.
(iv) A minority of cases of PVE can be cured with intravenous antibiotics alone if the diagnosis is made early
enough and there are no indications for surgery (discussed below). Medical cure is more likely in late
PVE (occurring more than 6 months following
surgery) and in non-staphylococcal infections.74
Intravenous antibiotics should be continued for 4–6
weeks, and for a minimum of 2–3 weeks after normalization of body temperature.
(v) Surgical treatment should be considered in the following circumstances:75
(a) Failure of medical treatment to control the infection, as indicated by persistent fever, persistently
elevated or rising inﬂammatory markers, and progression of echocardiographic abnormalities.
(b) Haemodynamically signiﬁcant PVL, particularly if
there is evidence of deteriorating ventricular
function.
(c) Large vegetations, particularly if they have given
rise to embolism.
(d) Development of intracardiac ﬁstulae.
(vi) The timing of surgical treatment remains controversial. Decision-making should be individualized, taking
into account co-morbidities, the infecting organism,
the risks of surgery, the degree of cardiac decompensation, and the extent to which infection can be
controlled. If infection can be brought under control
without detriment to cardiac function, ﬁrmer tissues
allow more secure ﬁxation of a replacement prosthesis
and may permit repair of damage at another valve
site, thus avoiding the need for a second prosthesis.
However, in many cases, progressive cardiac decompensation necessitates urgent surgery before the
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infection is controlled. Staphylococcal infections are
particularly destructive and nearly always require
urgent surgery before control of infection can be
achieved.
(vii) Surgical principles in re-operation for PVE involve:75
(a) Removal of the infected prosthesis and extensive
debridement of the annulus and abscesses to
remove all infected and non-viable tissue.
(b) Laboratory examination of debrided tissue to
identify organisms (particularly important, if
blood cultures have been negative).
(c) If extensive destruction requires patch reconstruction, autologous or heterologous pericardium
should be used because of its greater resistance
to bacterial colonization than synthetic materials.
(d) As there is no signiﬁcant difference in susceptibility to recurrent PVE between mechanical and
bioprosthetic valves, the choice of replacement
prosthesis should be determined by other factors
(age, necessity for anticoagulation in AF, etc.).
(e) In aortic PVE with extensive destruction of the aortic
root, homograft root replacement is the treatment
of choice. Alternatively, a valved Dacron conduit
can be used if a homograft is not available.
(f) In aortic PVE with associated mitral valve endocarditis, it is often possible to excise infective leaﬂet
tissue and repair the mitral valve with glutaraldehyde-treated pericardium.
(g) Following surgical treatment, intravenous antibiotics should be continued for 6 weeks. In the
case of fungal endocarditis, lifelong oral antifungal therapy should be considered.

Management during pregnancy
Anticoagulation management
Recommendations
(i) Anticoagulation management in pregnancy requires
close collaboration between cardiologist and obstetrician and a thorough discussion of the risks and beneﬁts
of various anticoagulation strategies with the patient.
(ii) As LMWH is not approved for use in prosthetic valve
patients in pregnancy due to the high risk of valve
thrombosis, and as subcutaneous unfractionated
heparin throughout pregnancy carries a similarly high
risk, strategies which should be discussed with the
patient are:
(a) Heparin during the ﬁrst trimester (to avoid warfarin embryopathy), followed by oral anticoagulation up to the 36th week with subsequent
replacement by heparin until delivery.
(b) Oral anticoagulation throughout pregnancy, until
the 36th week, followed by heparin until delivery.
The foetal and maternal complications of anticoagulation
strategies are summarized in the following tables.76–79
Because of the high rate of maternal complications with
heparin therapy, particularly when given throughout pregnancy, the committee strongly recommends strategy (b),
i.e. oral anticoagulation throughout pregnancy until the
36th week. If the warfarin dose does not exceed 5 mg
daily, the risk of embryopathy is extremely small.80
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Foetal complications in % (n ) with different anticoagulation
regimes
Regime

Spontaneous
abortions

Embryopathy Spontaneous
foetal death

UF heparin total 23.8 (5/21)
0.0 (0/17)
UF heparin
24.8 (57/230) 3.4 (6/174)
ﬁrst trim
OAC total
24.7 (196/792) 6.4 (35/549)

42.9 (9/21)
26.5 (61/230)
33.6 (266/792)

UF, unfractionated; total, during whole pregnancy; OAC, oral anticoagulation; Trim, trimester.

Maternal complications in % (n ) with different anticoagulation
regimes
Regime

Thrombo-embolic
complications

Death

UF heparin total
UF heparin ﬁrst trim
OAC total

33.3 (7/21)
9.2 (57/230)
3.9 (31/788)

15.0 (3/20)
4.2 (7/167)
1.8 (10/561)

Management of delivery
Recommendations
(i) There should be close collaboration between cardiologist, obstetrician, and obstetric anaesthetist.
(ii) The patient should be transferred to heparin therapy
at the 36th week, with close monitoring, preferably
using antifactor Xa activity and aiming for activity
.0.55 U/mL. If antifactor Xa activity assays are not
available, the aPTT ratio should be maintained at or
above 2.0 to allow for the increased heparin resistance in the third trimester. Heparin should be discontinued at the start of labour and restarted 4–6 h after
delivery. Oral anticoagulation should be resumed after
24 h.
(iii) If labour occurs pre-term while the patient is still on
oral anticoagulants, a caesarean section should be
performed after reducing the INR to 2.0. A vaginal
delivery should be avoided under oral anticoagulation
because of the danger of foetal intracranial bleeding.
(iv) Vaginal delivery can be recommended:81
(a) If the patient is not on oral anticoagulation at the
onset of labour.
(b) If there is no signiﬁcant prosthetic dysfunction.
(c) If there is no other signiﬁcant cardiovascular
disease, e.g. disease at another valve site, impairment of LV function, aortic dilatation, etc.
(d) If a specialist obstetric anaesthetist is available to
provide epidural anaesthesia.

Management of the malfunctioning valve
Recommendations
(i) All patients with prosthetic valves or valve repair
should undergo cardiological examination and echocardiography as soon as pregnancy is conﬁrmed,
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if there has been no such recent assessment. It is
important to document prosthetic function or the
competence of valve repair, ventricular function,
and disease at any other valve site in order to
determine the frequency of further examinations
during pregnancy. Cardiac medication should also be
reviewed.
(ii) In the case of regurgitation due to anything more than
a minor PVL, or minor recurrent regurgitation following valve repair, the regurgitation should be monitored
with echocardiography at intervals during the pregnancy, to determine its effect on LV function, in view
of the additional volume load on the LV during pregnancy. Diuretics and vasodilators may be required.
Hydralazine should be used rather than ACE-Inhibitors
which should be avoided in pregnancy because of their
adverse effects on the foetus.82 If regurgitation
increases, LV function deteriorates and the patient
becomes increasingly symptomatic, the mother’s
interests should be put ahead of those of the foetus
and surgical treatment recommended. If the foetus
is sufﬁciently mature, it is sometimes possible to
combine caesarean section with valve replacement
under the same anaesthetic.
(iii) Valve thrombosis is the most serious cardiac complication of pregnancy and is associated with a high mortality rate. Extra vigilance for this complication is
necessary during pregnancy, particularly in patients
at higher risk, such as patients with mechanical
mitral prostheses of higher thrombogenicity (see
table in Anticoagulation Management section), and
patients with a record of poor compliance with anticoagulation. If valve thrombosis occurs, the mother’s
interests again should be paramount and urgent operation recommended.

References
1. Gohlke-Bärwolf C, Acar J, Oakley C, Butchart EG, Burkhardt D, Bodnar
E, Hall R, Delahaye JP, Horstkotte D, Krayenbuhl HP, KrzeminskaPakula M, Kremer R, Samama M. Guidelines for the prevention of
thromboembolic events in valvular heart disease. Eur Heart J
1995;16:1320–1330.
2. ACC/AHA Task Force on Practice Guidelines. ACC/AHA Guidelines for the
Management of Patients with Valvular Heart Disease. J Am Coll Cardiol
1998;32:1486–1588.
3. Vanhees L, Stevens AN, Schepers D, Defoor J, Rademakers F, Fagard R.
Determinants of the effects of physical training and of the complications
requiring resuscitation during exercise in patients with cardiovascular
disease. Eur J Cardiovasc Prev Rehabil 2004;11:304–312.
4. Vanhees L, McGee HM, Dugmore LD, Schepers D, van Daele P. Carinex
Working Group: Cardiac Rehabilitation Information Exchange. A representative study of cardiac rehabilitation activities in European Union
Member States: the Carinex survey. Cardiopulm Rehabil 2002;22:
264–272.
5. ACC-AHA Guidelines for the clinical application of echocardiography.
Circulation 1997;95:1686–1744.
6. Fitzmaurice DA, Machin SJ, on behalf of the British Society of
Haematology Task Force for Haemostasis and Thrombosis: recommendations for patients undertaking self management of oral anticoagulation. BMJ 2001;323:985–989.
7. Gohlke-Bärwolf C, Gohlke H, Samek L, Peters K, Betz P, Eschenbruch E,
Roskamm H. Exercise tolerance and working capacity after valve replacement. J Heart Valve Dis 1992;1:189–195.
8. Iung B, Gohlke-Bärwolf C, Tornos P, Tribouilloy C, Hall R, Butchart EG,
Vahanian A. Recommendations on the management of the asymptomatic
patient with valvular heart disease. Eur Heart J 2002;23:1253–1266.

E.G. Butchart et al.
9. Butchart EG, Ionescu A, Payne N, Giddings J, Grunkemeier GL, Fraser AG.
A new scoring system to determine thromboembolic risk after heart valve
replacement. Circulation 2003;108(Suppl. II):68–74.
10. Butchart EG. Thrombogenesis and its management. In: Acar J, Bodnar E,
eds. Textbook of Acquired Heart Valve Disease. London: ICR Publishers,
1995;1048–1120.
11. Sinnaeve PR, Van de Werf FJ. Will oral antithrombin drugs replace
warfarin? Heart 2004;90:827–828.
12. Salem DN, Stein PD, Al-Ahmad A, Bussey HI, Horstkotte D, Miller N,
Pauker SG. Antithrombotic therapy in valvular heart disease—native and
prosthetic. Chest 2004;126(Suppl.):457S–482S.
13. CTSNet Editors. Anticoagulation therapy after aortic tissue valve replacement: ﬁnal results. www.CTSNet.org (2004).
14. Gherli T, Colli A, Fragnito C, Nicolini F, Borrello B, Saccani S, D’Amico R,
Beghi C. Comparing warfarin with aspirin after biological aortic valve
replacement: a prospective study. Circulation 2004;110:496–500.
15. Oxenham H, Bloomﬁeld P, Wheatley DJ, Lee RJ, Cunningham J, Prescott RJ,
Miller HC. Twenty year comparison of a Bjork-Shiley mechanical heart
valve with porcine prostheses. Heart 2003;89:715–721.
16. Montalescot G, Polle V, Collet JP, Leprince P, Bellanger A, Gandjbakhch I,
Thomas D. Low molecular weight heparin after mechanical heart valve
replacement. Circulation 2000;101:1083–1086.
17. Hirsh J, Warkentin TE, Shaughnessy SG, Anand SS, Halperin JL, Raschke R,
Granger C, Ohman EM, Dalen JE. Heparin and low-molecular-weight
heparin. Mechanisms of action, pharmacokinetics, dosing, monitoring,
efﬁcacy and safety. Chest 2001;119(Suppl.):64S–94S.
18. Butchart EG. Prosthesis-speciﬁc and patient-speciﬁc anticoagulation. In:
Butchart EG, Bodnar E, eds. Current Issues in Heart Valve Disease:
Thrombosis, Embolism and Bleeding. London: ICR Publishers, 1992;
293–317.
19. Grunkemeier GL, Li HH, Naftel DC, Starr A, Rahimtoola SH. Long-term
performance of heart valve prostheses. Curr Probl Cardiol 2000;25:73–156.
20. Grunkemeier GL, Wu YX. ‘Our complication rates are lower than theirs’:
statistical critique of heart valve comparisons. J Thorac Cardiovasc Surg
2003;125:290–300.
21. Turpie AGG, Gunstensen J, Hirsh J, Nelson H, Gent M. Randomised comparison of two intensities of oral anticoagulant therapy after tissue heart
valve replacement. Lancet 1988;1:1242–1245.
22. Saour JN, Sieck JO, Mamo LAR, Gallus AS. Trial of different intensities of
anticoagulation in patients with prosthetic heart valves. N Engl J Med
1990;322:428–432.
23. Altman R, Rouvier G, Gurﬁnkel E, D’Ortencio O, Manzanel R, de la Fuente L,
Favaloro RG. Comparison of two levels of anticoagulant therapy in
patients with substitute heart valves. J Thorac Cardiovasc Surg 1991;
101:427–431.
24. Acar J, Iung B, Boissel JP, Samama MM, Michel PL, Teppe JP, Pony JC,
Breton HL, Thomas D, Isnard R, de Gevigney G, Viguier E, Sﬁhi A,
Hanania G, Ghannem M, Mirode A, Nemoz C. AREVA: multicenter randomized comparison of low-dose versus standard-dose anticoagulation in
patients with mechanical prosthetic heart valves. Circulation 1996;
94:2107–2112.
25. Huth C, Friedl A, Rost A. Intensity of oral anticoagulation after implantation of St. Jude Medical aortic prosthesis: analysis of GELIA database.
Eur Heart J Suppl 2001;3(Suppl. Q):Q33–Q38.
26. Pruefer D, Dahm M, Dohmen G Horstkotte D, Bergemann R, Oelert H.
Intensity of oral anticoagulation after implantation of St. Jude Medical
mitral or multiple valve replacement: lessons learned from GELIA. Eur
Heart J Suppl 2001;3(Suppl. Q):Q39–Q43.
27. Butchart EG, Lewis PA, Bethel JA, Breckenridge IM. Adjusting anticoagulation to prosthesis thrombogenicity and patient risk factors.
Recommendations for the Medtronic Hall valve. Circulation 1991;
84(Suppl. III):61–69.
28. Palareti G, Leali N, Coccheri S, Poggi M, Manotti C, D’Angelo A, Pengo V,
Erba N, Moia M, Ciavarella N, Devoto G, Berrettini M, Musolesi S. Bleeding
complications of oral anticoagulant treatment: an inception-cohort,
prospective collaborative study (ISCOAT). Lancet 1996;348:423–428.
29. Makris M, Watson HG. The management of coumarin-induced overanticoagulation. Br J Haematol 2001;114:271–280.
30. Butler AC, Tait RC. Management of oral anticoagulant-induced intracranial haemorrhage. Blood Rev 1998;12:35–44.
31. Butchart EG, Payne N, Li HH, Buchan K, Mandana K, Grunkemeier GL.
Better anticoagulation control improves survival after valve replacement. J Thorac Cardiovasc Surg 2002;123:715–723.
32. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of
randomised trials of antiplatelet therapy for prevention of death, myocardial infarction, and stroke in high risk patients. BMJ 2002;324:71–86.

Management of patients after heart valve surgery
33. Turpie AG, Gent M, Laupacis A, Latour Y, Gunstensen J, Basile F, Klimek M,
Hirsh J. A comparison of aspirin with placebo in patients treated
with warfarin after heart valve replacement. N Engl J Med 1993;329:
524–529.
34. Chesebro J, Fuster V, Elveback LR. Trial of combined warfarin plus
dipyridamole or aspirin therapy in prosthetic heart valve replacement:
danger of aspirin compared with dipyridamole. Am J Cardiol 1983;
51:1537–1541.
35. Pouleur H. Buyse M. Effects of dipyridamole in combination with anticoagulant therapy on survival and thromboembolic events in patients
with prosthetic heart valves. A meta-analysis of the randomized trials.
J Thorac Cardiovasc Surg 1995;110:463–472.
36. Cappelleri JC, Fiore LD, Brophy MT, Deykin D, Lau J. Efﬁcacy and safety of
combined anticoagulant and antiplatelet therapy versus anticoagulant
monotherapy after mechanical heart valve replacement: a metaanalysis. Am Heart J 1995;130:547–552.
37. Massel D, Little SH. Risks and beneﬁts of adding antiplatelet therapy to
warfarin among patients with prosthetic heart valves: a meta-analysis.
J Am Coll Cardiol 2001;37:569–578.
38. Fiore LD, Brophy MT, Lopez A, Janson P, Deykin D. The bleeding time
response to aspirin; identifying the hyperresponder. Am J Clin Pathol
1990;94:292–296.
39. Orford JL, Fasseas P, Melby S, Burger K, Steinhubl SR, Holmes DR,
Berger PB. Safety and efﬁcacy of aspirin, clopidogrel and warfarin after
coronary stent placement in patients with an indication for anticoagulation. Am Heart J 2004;147:463–467.
40. Lanas A, Fuentes J, Benito R, Serrano P, Bajador E, Sainz R. Helicobacter
pylori increases the risk of upper gastrointestinal bleeding in patients
taking low-dose aspirin. Aliment Pharmacol Ther 2002;16:779–786.
41. Hart RG, Boop BS, Anderson DC. Oral anticoagulants and intracranial
haemorrhage: facts and hypotheses. Stroke 1995;26:1471–1477.
42. Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Julius S,
Menard J, Rahn KH, Wedel H, Westerling S. Effects of intensive bloodpressure lowering and low-dose aspirin in patients with hypertension:
principal results of the Hypertension Optimal Treatment (HOT) randomised trial. Lancet 1998;351:1755–1762.
43. Hart RG, Pearce LA, McBride R, Rothbart RM, Asinger RW. Factors associated with ischemic stroke during aspirin therapy in atrial ﬁbrillation.
Analysis of 2012 participants in the SPAF I-III clinical trials. Stroke
1999;30:1223–1229.
44. Meade TW, Brennan PJ. Determination of who may derive most beneﬁt
from aspirin in primary prevention: subgroup results from a randomised
controlled trial. BMJ 2000;321:13–17.
45. Silber H, Khan SS, Matloff JM, Chaux A, DeRobertis M, Gray R. The
St. Jude valve. Thrombolysis as the ﬁrst line of therapy for cardiac
valve thrombosis. Circulation 1993;87:30–37.
46. Lengyel M, Fuster V, Keltai M, Roudaut R, Schulte HD, Seward JB,
Chesebro JH, Turpie AG. Guidelines for management of left-sided prosthetic valve thrombosis: a role for thrombolytic therapy. J Am Coll
Cardiol 1997;30:1521–1526.
47. Gohlke-Bärwolf C. Anticoagulation in valvar heart disease: new aspects
and management during non-cardiac surgery. Heart 2000;84:567–572.
48. Wahl MJ. Dental surgery in anticoagulated patients. Arch Intern Med
1998;158:1610–1616.
49. Torn M, Rosendaal FR. Oral anticoagulation in surgical procedures: risks
and recommendations. Br J Haematol 2003;123:676–682.
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