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I. Introduction
Valvular heart disease is one of several cardiac
disorders that affect a large number of people
who require diagnostic procedures and long-term
management. The Pocket Guideline for Management
of Patients With Valvular Heart Disease provides rapid
prompts for 3 specific aspects of the management
of patients with valvular heart disease. The pocket
guide is derived from the full text of the ACC/AHA
2006 Guidelines for the Management of Patients
With Valvular Heart Disease. These guidelines were
first published in 1998 and then revised in 2006.
The full-text guidelines provide a more detailed
explanation of the management of valvular heart
disease, along with appropriate caveats and levels
of evidence. The executive summary of the guidelines was published in the Journal of American
College of Cardiology and Circulation. Both
the full guidelines and the executive summary
are available online, at http://www.acc.org or
http://www.americanheart.org. Users of this
pocket guide should consult those documents
for additional information.
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Scope of the Pocket Guide
The Guidelines for the Management of Patients With Valvular
Heart Disease cannot be reproduced in their entirety in a pocket
guide format. For this reason, the pocket guide focuses on
the 3 aspects of management in the conditions that are most
frequently encountered in the practice of adult cardiology:
■

Indications for echocardiography

■

Indications for valvular surgery or percutaneous intervention

■

Antithrombotic management of prosthetic heart valves

Classification of Recommendations
A classification of recommendation and a level of evidence have
been assigned to each recommendation. Classifications of recommendations and levels of evidence are expressed in the American
College of Cardiology/American Heart Association (ACC/AHA)
format as follows and described in more detail in Figure 1:
Class I

Conditions for which there is evidence for and/or
general agreement that the procedure or treatment
is beneficial, useful, and effective.

Class II

Conditions for which there is conflicting evidence
and/or a divergence of opinion about the
usefulness/efficacy of a procedure or treatment.
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Class IIa Weight of evidence/opinion is in favor
of usefulness/efficacy.
Class IIb Usefulness/efficacy is less well established
by evidence/opinion.
Class III

Conditions for which there is evidence and/or
general agreement that the procedure/treatment
is not useful/effective and in some cases may
be harmful.

Level of

In addition, the weight of evidence in support

Evidence

of the recommendation is listed as follows:
Level of Evidence A Data derived from multiple
randomized clinical trials.
Level of Evidence B Data derived from a single
randomized trial or nonrandomized studies.
Level of Evidence C Only consensus opinion
of experts, case studies, or standard-of-care.
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Figure 1. Applying Classification of Recommendations
and Level of Evidence in ACC/AHA Format
SIZE

OF

T REAT M ENT

E S T I M AT E O F C E R TA I N T Y ( P R E C I S I O N ) O F T R E AT M E N T E F F E C T

CLASS I

CLASS IIA

Benefit >>> Risk

Benefit >> Risk

Procedure/Treatment
SHOULD be performed/
administered

Additional studies with
focused objectives needed

Multiple (3-5) population
risk strata evaluated*

■ Recommendation that
procedure or treatment
is useful/effective

■ Recommendation in favor
of treatment or procedure
being useful/effective

General consistency of
direction and magnitude
of effect

■ Sufficient evidence from
multiple randomized trials
or meta-analyses

■ Some conflicting evidence
from multiple randomized
trials or meta-analyses

LEVEL B

■ Recommendation that
procedure or treatment
is useful/effective

■ Recommendation in favor
of treatment or procedure
being useful/effective

■ Limited evidence from
single randomized trial or
nonrandomized studies

■ Some conflicting evidence
from single randomized trial
or nonrandomized studies

■ Recommendation that
procedure or treatment is
useful/effective

■ Recommendation in favor
of treatment or procedure
being useful/effective

■ Only expert opinion, case
studies, or standard-of-care

■ Only diverging expert
opinion, case studies,
or standard-of-care

LEVEL A

Limited (2-3) population
risk strata evaluated*

LEVEL C
Very limited (1-2)
population risk strata
evaluated*

Suggested phrases for
writing recommendations†

IT IS REASONABLE to perform procedure/administer
treatment

should

is reasonable

is recommended

can be useful/effective/beneficial

is indicated

is probably recommended
or indicated

is useful/effective/beneficial
6

EF F E CT

Class IIb
Benefit ≥ Risk
Additional studies with broad
objectives needed; additional
registry data would be helpful

Class III
Risk ≥ Benefit
No additional studies needed

Procedure/Treatment
MAY BE CONSIDERED

Procedure/Treatment should
NOT be performed/administered SINCE IT IS NOT HELPFUL AND MAY BE HARMFUL

■

■

* Data available from clinical trials
or registries about the usefulness/
efficacy in different subpopulations,
such as gender, age, history of
diabetes, history of prior myocardial infarction, history of heart
failure, and prior aspirin use. A
recommendation with Level of
Evidence B or C does not imply

Recommendation’s
usefulness/efficacy less
well established
■

Greater conflicting
evidence from multiple
randomized trials or
meta-analyses

that the recommendation is weak.

Recommendation that
procedure or treatment is
not useful/effective and
may be harmful

addressed in the guidelines do not

■ Sufficient evidence from
multiple randomized trials
or meta-analyses

clear clinical consensus that a

Many important clinical questions
lend themselves to clinical trials.
Even though randomized trials are
not available, there may be a very
particular test or therapy is useful
or effective.

■ Recommendation’s
usefulness/efficacy less
well established

■ Recommendation that
procedure or treatment is
not useful/effective and
may be harmful

■ Greater conflicting
evidence from single
randomized trial or
nonrandomized studies

Limited evidence from
single randomized trial or
nonrandomized studies

■

■

■

† In 2003 the ACC/AHA Task Force on
Practice Guidelines recently provided
a list of suggested phrases to use
when writing recommendations.
All recommendations in this
guideline have been written in full
sentences that express a complete
thought, such that a recommendation, even if separated and presented

Recommendation’s
usefulness/efficacy less
well established
■

Only diverging expert
opinion, case studies, or
standard-of-care

Recommendation that
procedure or treatment is
not useful/effective and
may be harmful
■

Only expert opinion, case
studies, or standard-of-care

apart from the rest of the document
(including headings above sets of
recommendations), would still
convey the full intent of the recommendation. It is hoped that this will
increase readers’ comprehension of
the guidelines and will allow queries
at the individual recommendation level.

may/might be considered

is not recommended

may/might be reasonable

is not indicated

usefulness/effectiveness is
unknown/unclear/uncertain
or not well established

should not
is not useful/effective/beneficial
may be harmful
7

The following abbreviations are
used throughout this pocket guide:
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AR

aortic regurgitation

AS

aortic stenosis

AVR

aortic valve replacement

BAV

bicuspid aortic valve

CABG

coronary artery bypass grafting

ECG

electrocardiogram

EF

ejection fraction

IE

infective endocarditis

INR

international normalized ratio

LMWH

low-molecular-weight heparin

LV

left ventricular

MR

mitral regurgitation

MRI

magnetic resonance imaging

MS

mitral stenosis

MV

mitral valve

MVP

mitral valve prolapse

NYHA

New York Heart Association

PMBV

percutaneous mitral balloon valvotomy

RV

right ventricular

TEE

transesophageal echocardiography

TTE

transthoracic echocardiography

TR

tricuspid regurgitation

UFH

unfractionated heparin

2-D

2-dimensional

II. Indications for 2-D
and Doppler Echocardiography

The severity of valve disease can be determined on the basis
of a detailed, comprehensive 2-dimensional (2-D) and Doppler
echocardiogram. The committee recommends that quantitative
Doppler criteria be used to grade the severity of the valve lesion
(Table 1). In certain situations, cardiac catheterization is required
for further clarification of severity of the valve lesion.

B. Aortic Stenosis
The 2-D echocardiogram is valuable for confirming the
presence of aortic stenosis (AS) and determining left ventricular
(LV) size and function, the degree of hypertrophy, and the
presence of other associated valve disease. In most patients,
the severity of the stenotic lesion can be defined with Doppler
echocardiographic measurements of a Doppler peak velocity,
a mean transvalvular pressure gradient, and derived valve area.

Recommendations for
Echocardiography in Aortic Stenosis
Class I

1. Echocardiography is recommended for the following:
A. Diagnosis and assessment of AS severity.
(Level of Evidence: B)

B. Assessment of LV wall thickness, size, and
function. (Level of Evidence: B)

continued on page 12
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2-D and Doppler Echocardiography

A. Severity of Valve Disease

Table 1. Classification of the Severity of Valve Disease in Adults

2-D and Doppler Echocardiography

A. Left-sided valve disease

Aortic Stenosis

Indicator

Mild

Moderate

Severe

Jet velocity (m/s)

Less than 3.0

3.0-4.0

Greater than 4.0
Greater than 40

Mean gradient (mm Hg)*

Less than 25

25-40

Valve area (cm2)

Greater than 1.5

1.0-1.5

Valve area index (cm2/m2)

Less than 1.0
Less than 0.6

Mitral Stenosis
Mild

Moderate

Mean gradient (mm Hg)*

Less than 5

5-10

Severe
Greater than 10

Pulmonary artery systolic
pressure (mm Hg)

Less than 30

30-50

Greater than 50

Valve area (cm2)

Greater than 1.5

1.0-1.5

Less than 1.0

Aortic Regurgitation
Mild

Moderate

Severe

Qualitative
Angiographic grade

1+

2+

3-4+

Color Doppler jet width

Central jet, width
less than 25%
of LVOT

Greater than
mild but no signs
of severe AR

Central jet, width
greater than
65% LVOT

Doppler vena contracta
width (cm)

Less than 0.3

0.3-0.6

Greater than 0.6

Regurgitant volume (ml/beat)

Less than 30

30-59

Greater than or equal to 60

Regurgitant fraction (%)

Less than 30

30-49

Greater than or equal to 50

Regurgitant orifice area (cm2)

Less than 0.10

0.10-0.29

Greater than or equal to 0.30

Quantitative (cath or echo)

Additional Essential Criteria
Left ventricular size
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Increased

Mitral Regurgitation
Mild

Moderate

Severe

Angiographic grade

1+

2+

3-4+

Color Doppler jet area

Small, central jet
(less than 4 cm2
or less than 20%
LA area)

Signs of MR
greater than mild
present, but no
criteria for
severe MR

Vena contracta width greater than
0.7 cm with large central MR jet
(area greater than 40% of LA
area) or with a wall-impinging jet
of any size, swirling in LA

Doppler vena contracta
width (cm)

Less than 0.3

0.3 – 0.69

Greater than or equal to 0.70

Regurgitant volume (ml/beat)

Less than 30

30-59

Greater than or equal to 60

Regurgitant fraction (%)

Less than 30

30-49

Greater than or equal to 50

Regurgitant orifice area (cm2)

Less than 0.20

0.2-0.39

Greater than or equal to 0.40

Quantitative (cath or echo)

Additional Essential Criteria
Left atrial size

Enlarged

Left ventricular size

Enlarged

B. Right-sided
valve disease

Characteristic

Severe tricuspid stenosis:

Valve area less than 1.0 cm2

Severe tricuspid regurgitation:

Vena contracta width greater than 0.7 cm and
Systolic flow reversal in hepatic veins

Severe pulmonic stenosis:

Jet velocity greater than 4 m/s or maximum gradient greater than 60 mm Hg

Severe pulmonic regurgitation:

Color jet fills outflow tract
Dense continuous wave Doppler signal with a steep deceleration slope

*Valve gradients are flow dependent and when used as estimates of severity of valve stenosis should be assessed with
knowledge of cardiac output or forward flow across the valve. Modified from the Journal of the American Society of
Echocardiography, 16, Zoghbi WA, Recommendations for evaluation of the severity of native valvular regurgitation with
two-dimensional and Doppler echocardiography, 777–802, Copyright 2003, with permission from American Society
of Echocardiography.
AR = aortic regurgitation; cath = catheterization; echo = echocardiography; LA = left atrial/atrium;
LVOT = left ventricular outflow tract; MR = mitral regurgitation.
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2-D and Doppler Echocardiography

Qualitative

C. Re-evaluation of patients with known AS and
changing symptoms or signs. (Level of Evidence: B)
D. Assessment of changes in hemodynamic
2-D and Doppler Echocardiography

severity and LV function in patients with known
AS during pregnancy. (Level of Evidence: B)
2. Transthoracic echocardiography (TTE) is
recommended for re-evaluation of asymptomatic
patients every year for severe AS; every 1 to 2 years
for moderate AS; every 3 to 5 years for mild AS.
(Level of Evidence: B)

Class IIa

1. Dobutamine stress echocardiography is
reasonable to evaluate patients with lowflow/low-gradient AS and LV dysfunction.
(Level of Evidence: B)

In selected patients with low-flow/low-gradient AS and LV
dysfunction, it may be useful to determine the transvalvular
pressure gradient and to calculate valve area during a baseline
state and again during exercise or low-dose pharmacological
(i.e., dobutamine infusion) stress, with the goal of determining
whether stenosis is severe or only moderate in severity. Such
studies can be performed in experienced echocardiographic
or cardiac catheterization laboratories.

C. Aortic Regurgitation
Echocardiography is indicated to confirm the diagnosis of aortic
regurgitation (AR) when it is equivocal on the basis of physical
examination; to assess the cause of AR and valve morphology;
12

to provide a semiquantitative estimate of the severity of
regurgitation; to assess the ventricular response to volume
overload, which includes LV dimension, mass, and systolic
2-D and Doppler Echocardiography

function; and to assess aortic root size.

Recommendations for
Echocardiography in Aortic Regurgitation
Class I

1. Echocardiography is indicated for the following:
A. Diagnosis and assessment of severity of acute
or chronic AR. (Level of Evidence: B)
B. Assessment of the cause of chronic AR
(including valve morphology and aortic root
size and morphology) and assessment of
LV hypertrophy, dimension (or volume), and
systolic function. (Level of Evidence: B)
C. Assessment of AR and severity of aortic
dilatation in patients with enlarged aortic roots.
(Level of Evidence: B)

D. Re-evaluation of LV size and function
in asymptomatic patients with severe AR.
(Level of Evidence: B)

E. Re-evaluation of mild, moderate, or
severe AR in patients with new or changing
symptoms. (Level of Evidence: B)
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Radionuclide angiography and magnetic resonance imaging
(MRI) can also be used to assess the ventricular response to

2-D and Doppler Echocardiography

the volume overload, and they are useful in patients with
unsatisfactory echocardiograms. MRI and cardiac computed
tomography may be useful to further evaluate the size of
the aorta. Exercise testing is reasonable for assessment of
functional capacity and symptomatic response in patients
with a history of equivocal symptoms.
Once the chronicity and stability of the process have been
established, the frequency of clinical re-evaluation and repeat
noninvasive testing depends on the severity of AR, degree of
LV dilatation, level of systolic function, and whether previous
serial studies have revealed progressive changes in LV size
or function. Repeat echocardiograms are also recommended
at the onset of symptoms, when there is an equivocal history
of changing symptoms or exercise tolerance, or when there
are clinical findings that suggest worsening AR or progressive
LV dilatation.

D. Bicuspid Aortic Valve With Dilated Ascending Aorta
There is growing awareness that many patients with bicuspid
aortic valves (BAV) have disorders of vascular connective tissue,
which may result in dilatation of the aortic root or ascending
aorta even in the absence of hemodynamically significant AS
or AR. Aortic root or ascending aortic dilatation can progress
with time, and there is a risk of aortic dissection that is related
to the severity and rate of dilatation. Echocardiography remains
the primary imaging technique for identifying and following

14

these patients. More accurate quantification of the diameter
of the aortic root and ascending aorta, as well as full
assessment of the degree of enlargement, can be obtained

Recommendations for Echocardiography
(or Other Imaging Modalities) in Patients With
Bicuspid Aortic Valve and Dilated Ascending Aorta
Class I

1. Patients with known BAV should undergo an
initial transthoracic echocardiogram to assess
diameter of the aortic root and ascending aorta.
(Level of Evidence: B)

2. Cardiac MRI or cardiac computed tomography
is indicated in patients with BAV when morphology of the aortic root or ascending aorta cannot
be assessed accurately by echocardiography.
(Level of Evidence: C)

3. Patients with BAV and dilatation of the aortic
root or ascending aorta (diameter greater than
4.0 cm*) should undergo serial evaluation of aortic
root/ascending aorta size and morphology by
echocardiography, cardiac magnetic resonance,
or computed tomography on a yearly basis.
(Level of Evidence: C)

*Consider lower threshold values for patients of small
stature of either gender.
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2-D and Doppler Echocardiography

with cardiac MRI or computed tomography.

E. Mitral Stenosis
Two-dimensional echocardiography should be used in patients
2-D and Doppler Echocardiography

with mitral stenosis (MS) to assess the morphology of the
mitral valve (MV), including leaflet mobility, leaflet thickness,
leaflet calcification, and subvalvular and commissural fusion.
These features are important in considering the timing and
type of intervention. Doppler echocardiography assesses the
hemodynamic severity of MS, estimates pulmonary artery
systolic pressure from the tricuspid regurgitation (TR) velocity
signal, and assesses severity of concomitant mitral regurgitation
(MR) or AR. Formal hemodynamic exercise testing can be
done using either a supine bicycle or an upright treadmill with
Doppler recordings of transmitral and tricuspid velocities.

Recommendations for
Echocardiography in Mitral Stenosis
Class I

1. Echocardiography is indicated for the following:
A. Diagnosis of MS, assessment of severity,
assessment of concomitant valvular lesions, and
assessment of valve morphology (to determine
suitability for percutaneous mitral balloon
valvotomy [PMBV]). (Level of Evidence: B)
B. Re-evaluation in patients with known MS and
changing symptoms or signs. (Level of Evidence: B)
C. Assessment of the hemodynamic response
by exercise Doppler echocardiography when
there is a discrepancy between resting Doppler
echocardiographic findings, clinical findings,
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symptoms, and signs. (Level of Evidence: C)

2. Transesophageal echocardiography (TEE)
is indicated for the following:
A. Assessment of presence or absence of left
2-D and Doppler Echocardiography

atrial thrombus and assessment of severity
of MR in patients considered for PMBV.
(Level of Evidence: C)

B. Assessment of MV morphology and hemodynamics in patients when TTE provides
suboptimal data. (Level of Evidence: C)

Class IIa

1. Echocardiography is reasonable in the
re-evaluation of asymptomatic patients with
MS and stable clinical findings to assess
pulmonary artery pressure (for those with
severe MS, every year; moderate MS, every
1 to 2 years; and mild MS, every 3 to 5 years).
(Level of Evidence: C)

Class III

1. TEE is not indicated in patients with MS
for routine evaluation of MV morphology and
hemodynamics when complete TTE data are
satisfactory. (Level of Evidence: C)

F. Mitral Valve Prolapse
Two-dimensional and Doppler echocardiography constitutes
the most useful noninvasive test for defining MV prolapse
(MVP). On 2-D echocardiography, systolic displacement of
1 or both mitral leaflets in the parasternal long-axis view,
17

particularly when they coapt on the atrial side of the annular
plane, indicates a high likelihood of MVP. The diagnosis of

2-D and Doppler Echocardiography

MVP is even more certain when leaflet thickness is greater
than 5 mm. The echocardiographic criteria for MVP should
include structural changes such as leaflet thickening,
redundancy, annular dilatation, and chordal elongation.

Recommendations for Echocardiography
in Asymptomatic Mitral Valve Prolapse
Class I

1. Echocardiography is indicated for the diagnosis of
MVP and assessment of MR, leaflet morphology, and
ventricular compensation in asymptomatic patients
with physical signs of MVP. (Level of Evidence: B)

Class IIa

1. Echocardiography can be effective for
A. Excluding MVP in asymptomatic patients who
have been diagnosed without clinical evidence
to support the diagnosis. (Level of Evidence: C)
B. Risk stratification in asymptomatic patients
with physical signs of MVP or known MVP.
(Level of Evidence: C)

Class III

1. Echocardiography is not indicated to exclude
MVP in asymptomatic patients with ill-defined
symptoms in the absence of a constellation
of clinical symptoms or physical findings suggestive of MVP or a positive family history.
(Level of Evidence: B)
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2. Routine repetition of echocardiography is
not indicated for the asymptomatic patient
who has MVP and no MR or MVP and mild MR
2-D and Doppler Echocardiography

with no changes in clinical signs or symptoms.
(Level of Evidence: C)

G. Mitral Regurgitation
Two-dimensional and Doppler echocardiography is indispensable in the management of patients with MR and
should be used to assess the severity of MR, the LV response
to volume overload (including LV size and systolic function
ejection fraction [EF] and end-systolic dimension), left atrial
size and pulmonary artery systolic pressure. Echocardiography
may also identify the anatomic cause of MR, which is important
for determining the feasibility of successful MV repair.

Recommendations for Echocardiography
in Mitral Regurgitation
Class I

1. TTE is indicated for the following:
A. Baseline evaluation of LV size and function,
right ventricular (RV) and left atrial size,
pulmonary artery pressure, and severity of
MR (Table 1) in any patient suspected of having
MR. (Level of Evidence: C)
B. Delineation of the mechanism of MR.
(Level of Evidence: B)
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C. Annual or semiannual surveillance of LV
function (estimated by EF and end-systolic
dimension) in asymptomatic patients with
2-D and Doppler Echocardiography

moderate to severe MR. (Level of Evidence: C)
D. Assessment of the MV apparatus and LV
function after a change in signs or symptoms.
(Level of Evidence: C)

E. Assessment of LV size and function and MV
hemodynamics in the initial evaluation after MV
replacement or MV repair. (Level of Evidence: C)

Class IIa

1. Exercise Doppler echocardiography is reasonable
in asymptomatic patients with severe MR to assess
exercise tolerance and the effects of exercise on
pulmonary artery pressure and MR severity.
(Level of Evidence: C)

Class III

1. TTE is not indicated for routine follow-up
evaluation of asymptomatic patients with mild
MR and normal LV size and systolic function.
(Level of Evidence: C)

Recommendations for Transesophageal
Echocardiography in Mitral Regurgitation
Class I

1. Preoperative or intraoperative TEE is indicated
to establish the anatomic basis for severe MR
to assess feasibility of repair and to guide repair
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in patients in whom surgery is recommended.
(Level of Evidence: B)

2. TEE is indicated for evaluation of MR when
2-D and Doppler Echocardiography

TTE provides nondiagnostic information regarding
severity of MR, mechanism of MR, and/or status
of LV function. (Level of Evidence: B)

Class IIa

1. Preoperative TEE is reasonable in asymptomatic
patients with severe MR who are considered
for surgery to assess feasibility of repair.
(Level of Evidence: C)

Class III

1. TEE is not indicated for routine follow-up
or surveillance of asymptomatic patients with
native valve MR. (Level of Evidence: C)

Asymptomatic patients with mild MR and no evidence of
LV enlargement or dysfunction or pulmonary hypertension
can be monitored clinically on a yearly basis, but yearly
echocardiograms are not necessary unless there is clinical
evidence that regurgitation has worsened. In patients with
moderate MR, clinical evaluations and echocardiograms
should be performed yearly. Patients with severe MR should
be monitored with clinical evaluation and echocardiography
every 6 to 12 months to assess symptoms or transition to
asymptomatic LV dysfunction.
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III. Indications for Valve Surgery
or Percutaneous Intervention
A. Aortic Stenosis
Aortic valve replacement (AVR) is clearly indicated in
symptomatic patients with severe AS (Figure 2). Patients with
moderate or severe AS, even without symptoms, who undergo
another cardiac operation should undergo AVR at the time of
surgery. Management decisions are more controversial in

Valve Surgery or Intervention

asymptomatic patients with severe AS.

Recommendations for Aortic
Valve Replacement in Aortic Stenosis
Class I

1. AVR is indicated for the following patients:
A. Symptomatic patients with severe AS.†
(Level of Evidence: B)

B. Patients with severe AS† undergoing coronary
artery bypass graft surgery (CABG), surgery on
the aorta, or replacement or repair of other heart
valves. (Level of Evidence: C)
C. Patients with severe AS† and LV systolic
dysfunction (EF less than 0.50). (Level of Evidence: C)

Class IIa

1. AVR is reasonable for patients with moderate
AS† undergoing CABG or surgery on the aorta
or other heart valves. (Level of Evidence: B)
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Figure 2. Management Strategy
for Patients With Severe Aortic Stenosis

Severe Aortic Stenosis
Vmax greater than 4 m/s
AVA less than 1.0 cm2
Mean gradient > 40 mm Hg
Reevaluation

Undergoing
CABG or other
heart surgery?
Symptoms?

Equivocal

Yes

No

Valve Surgery or Intervention

Normal

Exercise test

LV ejection
fraction

Symptoms
↓BP
Less than 0.50

Yes

Class I

Class I

Class II b

Class I

Class IIb

Aortic Valve Replacement

Normal

Severe valve calcification,
rapid progression, and/or
expected delays in surgery

No

Clinical follow-up, patient education,
risk factor modification, annual echo

Preoperative coronary angiography

Preoperative coronary angiography should be performed routinely, as determined by age, symptoms, and coronary
risk factors. Cardiac catheterization and angiography may also be helpful when there is discordance between clinical
findings and echocardiography (echo). Modified from Otto CM. Valvular aortic stenosis: disease severity and timing
of intervention. J Am Coll Cardiol 2006;47:2141–51.
AVA = aortic valve area; BP = blood pressure; CABG = coronary artery bypass graft surgery; LV = left ventricular;
Vmax = maximal velocity across aortic valve by Doppler echocardiography.
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Class IIb

1. AVR may be considered for the following patients:
A. Asymptomatic patients with severe AS† and
abnormal response to exercise (e.g., development
of symptoms or asymptomatic hypotension).
(Level of Evidence: C)

B. Adults with severe asymptomatic AS† if there
is a high likelihood of rapid progression (age,
calcification, and coronary artery disease) or if
surgery might be delayed at the time of symptom
onset. (Level of Evidence: C)
Valve Surgery or Intervention

C. Patients undergoing CABG who have mild AS†
when there is evidence, such as moderate to
severe valve calcification, that progression may
be rapid. (Level of Evidence: C)
D. Asymptomatic patients with extremely
severe AS (aortic valve area less than 0.6 cm2,
mean gradient greater than 60 mm Hg, and
jet velocity greater than 5.0 m per second)
when the expected operative mortality is 1.0%
or less. (Level of Evidence: C)

Class III

1. AVR is not useful for the prevention of sudden
death in asymptomatic patients with AS who have
none of the findings listed under the Class IIa/IIb
recommendations. (Level of Evidence: B)
†Objective definition of valve severity is provided in Table 1.
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B. Aortic Regurgitation
AVR is indicated for patients with chronic severe AR who have
cardiac symptoms and for asymptomatic patients with LV
systolic dysfunction at rest, marked LV dilatation, or severely
dilated aortic roots (Figure 3). Patients with BAV may have
dilated aortas; surgery to repair the aortic root or replace the
ascending aorta may be indicated depending on the size of
the aorta.

Recommendations for Aortic Valve Replacement
in Chronic Severe Aortic Regurgitation
Valve Surgery or Intervention

Class I

1. AVR is indicated for the following patients:
A. Symptomatic patients with severe
AR irrespective of LV systolic function.
(Level of Evidence: B)

B. Asymptomatic patients with chronic severe
AR and LV systolic dysfunction (EF 0.50 or less)
at rest. (Level of Evidence: B)
C. Patients with chronic severe AR while undergoing CABG or surgery on the aorta or other
heart valves. (Level of Evidence: C)
2. Surgery to repair the aortic root or replace
the ascending aorta is indicated in patients with
BAV if the diameter of the aortic root or ascending
aorta is greater than 5.0 cm* or if the rate of
increase in diameter is 0.5 cm per year or more.
(Level of Evidence: C)
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Figure 3. Management Strategy for Patients
With Chronic Severe Aortic Regurgitation
Chronic Severe Aortic Regurgitation
Clinical eval + Echo
Reevaluation
Symptoms?
No

Equivocal

Yes
Class I

Exercise test
No symptoms

Symptoms

AVR

Class I

LV function?
Class I

Valve Surgery or Intervention

Normal EF

EF borderline or uncertain

EF of 50% or less

RVG or MRI

Class IIa

SD >55 mm or
DD >75 mm

LV dimensions?

Class IIb

SD <45 mm or
DD <60 mm

Stable?
Yes

No, or
initial study

Clinical eval Reevaluate
every 6-12 mo and Echo
Echo every
3 mo
12 mo

SD 50-55 mm or
DD 70-75 mm

SD 45-50 mm or
DD 60-70 mm

Stable?
Yes

Clinical eval
every 6 mo
Echo every
12 mo

Abnormal

Consider hemodynamic
response to exercise

Stable?
No, or
initial study

Yes

Reevaluate
and Echo
3 mo

Clinical eval
every 6 mo
Echo every
6 mo

Normal

Cardiac catheterization and angiography may also be helpful when there is discordance between clinical findings and
echocardiography. “Stable” refers to stable echocardiographic measurements. In some centers, serial follow-up may
be performed with RVG or MRI rather than echocardiography to assess LV volume and systolic function.
AVR = aortic valve replacement; DD = end-diastolic dimension; Echo = echocardiography; EF = ejection fraction;
eval = evalutation; LV = left ventricular; MRI = magnetic resonance imaging; RVG = radionuclide ventriculography;
SD = end-systolic dimension.
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3. In patients with BAV undergoing AVR because
of severe AS or AR (see Sections 3.1.7. and 3.2.3.8.
in the full-text guidelines), repair of the aortic root
or replacement of the ascending aorta is indicated
if the diameter of the aortic root or ascending aorta
is greater than 4.5 cm.* (Level of Evidence: C)

Class IIa

1. AVR is reasonable for asymptomatic patients
with severe AR with normal LV systolic function
(EF greater than 0.50) but with severe LV dilatation
(end-diastolic dimension greater than 75 mm or
(Level of Evidence: B)

Class IIb

1. AVR may be considered in the following patients:
A. Patients with moderate AR while undergoing
CABG or surgery on the ascending aorta.
(Level of Evidence: C)

B. Asymptomatic patients with severe AR and
normal LV systolic function at rest (EF greater
than 0.50) when the degree of LV dilatation
exceeds an end-diastolic dimension of 70 mm
or end-systolic dimension of 50 mm, when there
is evidence of progressive LV dilatation, declining
exercise tolerance, or abnormal hemodynamic
responses to exercise.* (Level of Evidence: C)
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end-systolic dimension greater than 55 mm).*

Class III

1. AVR is not indicated for asymptomatic patients
with mild, moderate, or severe AR and normal
LV systolic function at rest (EF greater than 0.50)
when the degree of dilatation is not moderate or
severe (end-diastolic dimension less than 70 mm,
end-systolic dimension less than 50 mm).*
(Level of Evidence: B)

*Consider lower threshold values for patients of small
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stature of either gender.

C. Mitral Stenosis
Indications for intervention in patients with MS depend on
symptoms, pulmonary artery pressure, RV function, and
the feasibility of performing PMBV (Figures 4-6). If there is
a discrepancy between symptoms and hemodynamic data,
formal exercise testing with hemodynamics (invasive or
noninvasive) may be useful to differentiate symptoms due
to MS from those due to other causes. Patients who are
symptomatic with a significant elevation of pulmonary artery
pressure (greater than 60 mm Hg), mean transmitral gradient
(greater than 15 mm Hg), or pulmonary artery wedge pressure
(25 mm Hg) with exertion have hemodynamically significant
MS independent of the calculated valve area, and further
intervention should be considered.
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Figure 4. Management Strategy for Patients With Mitral Stenosis
Mitral Stenosis

History, physical exam CXR, ECG, 2D echo/Doppler

Symptoms?

Symptomatic
(see Figures 5 and 6)

Asymptomatic

Mild stenosis or
severe stenosis*
MVA ≤ 1.5 cm2

Yearly
follow-up

Valve morphology
favorable for PMBV?

History,
physical exam,
CXR, ECG

No†

Valve Surgery or Intervention

Mild stenosis
MVA>1.5 cm2

Yes
PASP > 50 mm Hg?
No

Yes‡

Exercise

Class I

Consider
PMBV

Poor exercise tolerance
or PASP > 60 mm Hg
or PAWP ≥ 25 mm Hg

Class I

Exclude LA clot,
3+ to 4+ MR

Yes

No

Class IIb

No

New onset AF?

Yes

*The writing committee recognizes that there may be variability in the measurement of mitral valve area (MVA)
and that the mean transmitral gradients, pulmonary artery wedge pressure (PAWP), and pulmonary artery systolic
pressure (PASP) should also be taken into consideration.
† There is controversy as to whether patients with severe mitral stenosis (MVA < 1.0 cm2) and severe pulmonary
hypertension (pulmonary artery pressure > 60 mm Hg) should undergo percutaneous mitral balloon valvotomy
(PMBV) or mitral valve replacement to prevent right ventricular failure.
‡ Assuming no other cause for pulmonary hypertension is present.
AF = atrial fibrillation; CXR = chest X-ray; ECG = electrocardiogram; echo = echocardiography; LA = left atrial;
MR = mitral regurgitation; 2D = 2-dimensional.
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Figure 5. Management Strategy for Patients
With Mitral Stenosis and Mild Symptoms

Symptomatic Mitral Stenosis
NYHA Functional Class II

History, physical exam, CXR, ECG, 2D echo/Doppler

Moderate or
severe stenosis
MVA ≤ 1.5 cm2 *

Mild stenosis
MVA >1.5 cm2 *

Valve Surgery or Intervention

Exercise
Valve morphology
favorable for PMBV?
PASP >60 mm Hg
PAWP ≥ 25 mm Hg
MVG >15 mm Hg
No

Yes

Yearly
follow-up

Valve morphology
favorable for PMBV?
No

Severe PH
PAP > 60 mm Hg

Yes
Class IIb

6 month
follow-up

No

Yes

Yes
Class I

Consider PMBV
Exclude LA clot,
3+ to 4+ MR

No

Class IIa

Consider
commissurotomy
or MVR†

6 month
follow-up

*The writing committee recognizes that there may be variability in the measurement of mitral valve area (MVA)
and that the mean transmitral gradients, pulmonary artery wedge pressure (PAWP), and pulmonary artery systolic
pressure (PASP) should also be taken into consideration.
† There is controversy as to whether patients with severe mitral stenosis (MVA < 1.0 cm2) and severe pulmonary
hypertension (PH; PASP > 60 mm Hg) should undergo percutaneous mitral balloon valvotomy (PMBV) or mitral valve
replacement (MVR) to prevent right ventricular failure.
CXR = chest X-ray; ECG = electrocardiogram; echo = echocardiography; LA = left atrial; MR = mitral regurgitation;
MVG = mean mitral valve pressure gradient; PAP = pulmonary artery pressure; 2D = 2-dimensional.
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Figure 6. Management Strategy for Patients with
Mitral Stenosis and Moderate to Severe Symptoms
Symptomatic Mitral Stenosis
NYHA Functional Class III-IV

History, physical exam, CXR, ECG, 2D echo/Doppler

Moderate or
severe stenosis
MVA ≤ 1.5 cm2*

Mild stenosis
MVA >1.5 cm2

Exercise

Valve Surgery or Intervention

PASP >60 mm Hg
PAWP ≥ 25 mm Hg
MVG >15 mm Hg
No

Valve morphology
favorable for PMBV?

Class IIb

Yes

Look for
other
etiologies

No†

Yes

High-risk
surgical candidate?

Class I

No†
Class I

Yes

Class IIa

Consider PMBV
Exclude LA clot,
3+ to 4+ MR

Mitral valve
repair
or MVR

*The writing committee recognizes that there may be variability in the measurement of mitral valve area (MVA)
and that the mean transmitral gradients, pulmonary artery wedge pressure (PAWP), and pulmonary artery systolic
pressure (PASP) should also be taken into consideration.
† It is controversial as to which patients with less favorable valve morphology should undergo percutaneous mitral balloon
valvotomy (PMBV) rather than mitral valve surgery (see text).
CXR = chest X-ray; ECG = electrocardiogram; echo = echocardiography; LA = left atrial; MR = mitral regurgitation;
MVG = mean mitral valve pressure gradient; MVR = mitral valve replacement; NYHA = New York Heart Association;
2D = 2-dimensional.
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Recommendations for Percutaneous
Mitral Balloon Valvotomy for Mitral Stenosis
Class I

1. PMBV is indicated for the following patients with
moderate or severe MS† and valve morphology
favorable for PMBV in the absence of left atrial
thrombus or moderate to severe MR:
A. Symptomatic patients (NYHA functional
class II, III, or IV). (Level of Evidence: A)
B. Asymptomatic patients who have pulmonary
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hypertension (pulmonary artery systolic pressure
greater than 50 mm Hg at rest or greater than
60 mm Hg with exercise). (Level of Evidence: C)

Class IIa

1. PMBV is reasonable for patients with moderate
or severe MS† who have a nonpliable calcified valve,
are in NYHA functional class III-IV, and are either not
candidates for surgery or are at high risk for surgery.
(Level of Evidence: C)

Class IIb

1. PMBV may be considered for the following
patients in the absence of left atrial thrombus
or moderate to severe MR:
A. Asymptomatic patients with moderate or
severe MS† and valve morphology favorable for
PMBV who have new onset of atrial fibrillation.
(Level of Evidence: C)
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B. Symptomatic patients (NYHA functional class II,
III, or IV) with MV area greater than 1.5 cm2 if
there is evidence of hemodynamically significant
MS based on pulmonary artery systolic pressure
greater than 60 mm Hg, pulmonary artery wedge
pressure of 25 mm Hg or more, or mean MV
gradient greater than 15 mm Hg during exercise.
(Level of Evidence: C)

C. Patients with moderate or severe MS who have
a nonpliable calcified valve and are in NYHA
functional class III-IV, as an alternative to surgery.
(Level of Evidence: C)

1. PMBV is not indicated for patients with mild MS.
(Level of Evidence: C)

2. PMBV should not be performed in patients
with moderate to severe MR or left atrial thrombus.
(Level of Evidence: C)

Indications for Surgery for Mitral Stenosis
(Valve Repair or Replacement)
Class I

1. MV surgery (repair if possible) is indicated in
patients with symptomatic (NYHA functional class
III-IV) moderate or severe MS† and with acceptable
operative risk when (1) PMBV is unavailable,
(2) PMBV is contraindicated because of left atrial
thrombus despite anticoagulation or because
33
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Class III

concomitant moderate to severe MR is present,
or (3) the valve morphology is not favorable for
PMBV. (Level of Evidence: B)
2. Symptomatic patients with moderate to severe
MS† who also have moderate to severe MR should
receive MV replacement, unless MV repair is
possible at the time of surgery. (Level of Evidence: C)

Class IIa

1. MV replacement is reasonable for patients with
severe MS† and severe pulmonary hypertension
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(pulmonary artery systolic pressure greater than
60 mm Hg) with NYHA functional class I-II
symptoms who are not considered candidates for
PMBV or surgical MV repair. (Level of Evidence: C)

Class IIb

1. MV repair may be considered for asymptomatic
patients with moderate or severe MS† who have
had recurrent embolic events while receiving

Management of Prostheic Valves

adequate anticoagulation and who have valve
morphology favorable for repair.
(Level of Evidence: C)

Class III

1. MV repair for MS is not indicated for patients
with mild MS. (Level of Evidence: C)
2. Closed commissurotomy should not be
performed in patients undergoing MV repair;
open commissurotomy is the preferred approach.
(Level of Evidence: C)
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†Objective definition of valve severity is provided in Table 1.

D. Mitral Regurgitation
Factors influencing the timing of surgery for MR include
symptoms, LV EF, LV end-systolic dimension, atrial fibrillation,
and pulmonary hypertension (Figure 7). In most situations,
MV repair is the operation of choice for those patients with
suitable MV anatomy.
Operation is indicated for most patients with severe MR and any
symptoms. Operation is also indicated in asymptomatic patients
who demonstrate mild to moderate LV dysfunction (EF 0.30 to
0.60 and end-systolic dimension 40 to 55 mm). The patient with
severe LV dysfunction (EF less than 0.30 and/or end-systolic
undergo surgery if chordal preservation is likely.
There is controversy regarding the timing of surgery in the
asymptomatic patient with severe MR and normal LV function.
If MV repair can be performed with a high degree of success
and the operative risk is low, it is reasonable to proceed with
surgery to prevent irreversible LV dysfunction from occurring.
However, this “early” operation should only be performed at
centers in which there is a high likelihood of successful MV
repair because of their demonstrated expertise in this area.
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dimension greater than 55 mm) poses a higher risk but may

Figure 7. Management Strategy for Patients
With Chronic Severe Mitral Regurgitation

Chronic Severe Mitral Regurgitation

Clinical evaluation + Echo
Reevaluation
Symptoms?
No

Yes

LV function?

LV function?

Valve Surgery or Intervention

Normal LV
function
EF >0.60
ESD <40

LV dysfunction
EF ≤ 0.60
and/or
ESD ≥ 40 mm

EF >0.30
ESD ≤ 55 mm

Class I

Class I

New onset AF?
Pulmonary HT?
Yes

EF <0.30
and/or
ESD >55 mm

Chordal preservation
likely?
Class II a

No

MV repair
If not possible,
MVR

Class IIa

Yes
No

MV repair likely?*
Yes*

Class II a

MV repair

Medical therapy

No

Clinical eval
every
6 mos
Echo every
6 mos

*Mitral valve (MV) repair may be performed in asymptomatic patients with normal left ventricular (LV) function
if performed by an experienced surgical team and the likelihood of successful MV repair is greater than 90%.
AF = atrial fibrillation; Echo = echocardiography; EF = ejection fraction; ESD = end-systolic dimension;
HT = hypertension; MV = mitral valve; MVR = mitral valve replacement.
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Recommendations for Mitral
Valve Surgery in Nonischemic
Severe Mitral Regurgitation
Class I

1. MV surgery is recommended for the following
patients:
A. Symptomatic patients with acute severe MR.†
(Level of Evidence: B)

B. Patients with chronic severe MR† and NYHA
functional class II, III, or IV symptoms in the
absence of severe LV dysfunction (severe LV
Valve Surgery or Intervention

dysfunction is defined as EF less than 0.30 and/
or end-systolic dimension greater than 55 mm).
(Level of Evidence: B)

C. Asymptomatic patients with chronic severe
MR† and mild to moderate LV dysfunction,
EF 0.30 to 0.60, and/or end-systolic dimension
greater than or equal to 40 mm.
(Level of Evidence: B)

2. MV repair is recommended over MV replacement
(MVR) in the majority of patients with severe chronic
MR† who require surgery, and patients should
be referred to surgical centers experienced in MV
repair. (Level of Evidence: C)
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Class IIa

1. MV repair is reasonable in experienced surgical
centers for asymptomatic patients with chronic
severe MR† with preserved LV function (EF greater
than 0.60 and end-systolic dimension less than
40 mm) in whom the likelihood of successful repair
without residual MR is greater than 90%.
(Level of Evidence: B)

2. MV surgery is reasonable for the following
patients:
A. Asymptomatic patients with chronic severe
Valve Surgery or Intervention

MR†, preserved LV function, and (1) new onset
of atrial fibrillation or (2) pulmonary hypertension
(pulmonary artery systolic pressure greater than
50 mm Hg at rest or greater than 60 mm Hg with
exercise). (Level of Evidence: C)
B. Patients with chronic severe MR† due to a
primary abnormality of the mitral apparatus,
NYHA functional class III-IV symptoms, and
severe LV dysfunction (EF less than 0.30 and/
or end-systolic dimension greater than 55 mm)
in whom MV repair is highly likely.
(Level of Evidence: C)

Class IIb

1. MV repair may be considered for patients with
chronic severe secondary MR† due to severe LV
dysfunction (EF less than 0.30) who have persistent
NYHA functional class III-IV symptoms despite
optimal therapy for heart failure, including
biventricular pacing. (Level of Evidence: C)
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Class III

1. MV surgery is not indicated for asymptomatic
patients with MR and preserved LV function (EF
greater than 0.60 and end-systolic dimension less
than 40 mm) in whom significant doubt about the
feasibility of repair exists. (Level of Evidence: C)
2. Isolated MV surgery is not indicated for patients
with mild or moderate MR. (Level of Evidence: C)
†Objective definition of valve severity is provided in Table 1.

Surgery is indicated in patients with life-threatening heart
failure or cardiogenic shock due to surgically treatable valvular
heart disease with or without proven infective endocarditis
(IE) if the patient has a reasonable prospect of recovery with
satisfactory quality of life after the operation. In the setting
of acute IE, surgery should not be delayed when heart failure
exists.
Indications for surgery for IE in patients with stable
hemodynamics are less clear. Surgery is recommended
for patients with annular or aortic abscesses, those with
infections resistant to antibiotic therapy, and those with
fungal endocarditis. Prosthetic valve endocarditis and native
valve endocarditis caused by Staphylococcus aureus are almost
always surgical diseases. Early surgery in MV endocarditis
caused by virulent organisms (such as S. aureus or fungi) may
make repair possible.
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E. Infective Endocarditis

When at all possible, MV repair should be performed instead
of MVR in the setting of active infection because of the risk
of infection of prosthetic materials. Aortic valves may often
be repaired as well if there are leaflet perforations, and this
is preferable to AVR for the same reasons.

Indications for Surgery for Native Valve Endocarditis
Class I

1. Surgery of the native valve is indicated in the
following patients with IE:
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A. Patients who present with valve stenosis
or regurgitation resulting in heart failure.
(Level of Evidence: B)

B. Patients who present with AR or MR with
hemodynamic evidence of elevated LV enddiastolic or left atrial pressures (e.g., premature
closure of MV with AR, rapid decelerating MR
signal by continuous-wave Doppler [v-wave
cutoff sign], or moderate or severe pulmonary
hypertension). (Level of Evidence: B)
C. Patients with IE caused by fungal or other
highly resistant organisms. (Level of Evidence: B)
D. Patients with complications of heart block,
annular or aortic abscess, or destructive
penetrating lesions (e.g., sinus of Valsalva to
right atrium, right ventricle, or left atrium fistula;
mitral leaflet perforation with aortic valve
endocarditis; or infection in annulus fibrosa).
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(Level of Evidence: B)

Class IIa

1. Surgery of the native valve is reasonable in
patients with IE who present with recurrent emboli
and persistent vegetations despite appropriate
antibiotic therapy. (Level of Evidence: C)

Class IIb

1. Surgery of the native valve may be considered
in patients with IE who present with mobile
vegetations in excess of 10 mm with or without
emboli. (Level of Evidence: C)

Class I

Valve Surgery or Intervention

Indications for Surgery
for Prosthetic Valve Endocarditis
1. Consultation with a cardiac surgeon is indicated
for patients with IE of a prosthetic valve.
(Level of Evidence: C)

2. Surgery is indicated for the following patients
with IE of a prosthetic valve:
A. Patients who present with heart failure.
(Level of Evidence: B)

B. Patients who present with dehiscence evidenced
by cine fluoroscopy or echocardiography.
(Level of Evidence: B)

C. Patients who present with evidence of
increasing obstruction or worsening regurgitation.
(Level of Evidence: C)

D. Patients who present with complications, for
example, abscess formation. (Level of Evidence: C)
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Class IIa

1. Surgery is reasonable for patients with IE
of a prosthetic valve who present with
A. Evidence of persistent bacteremia or recurrent
emboli despite appropriate antibiotic treatment.
(Level of Evidence: C)

B. Relapsing infection. (Level of Evidence: C)

Class III

1. Routine surgery is not indicated for patients
with uncomplicated IE of a prosthetic valve
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caused by first infection with a sensitive organism.
(Level of Evidence: C)

F. Major Criteria for Valve Selection
The major advantages of a mechanical valve over a bioprosthesis are a low rate of structural deterioration and
a better survival rate in younger patients. Major disadvantages are increased incidence of bleeding due to need for
antithrombotic therapy and the increased risk of thrombosis.
The major advantage of a bioprosthesis over a mechanical
prosthesis is the lack of need for antithrombotic therapy. The
major disadvantage is the increased rate of structural valve
deterioration. The rate of structural valve deterioration in the
aortic position in patients 65 years of age or greater is lower
than for those less than 65 years of age. The final decision
regarding a mechanical valve versus a bioprosthesis is based
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on multiple factors, including patient age, overall longevity
of the valve, relative contraindications to anticoagulation,
and lifestyle.
In general, MV repair is preferable to MVR, provided it is
feasible and that the appropriate skill level and experience
are available to perform this procedure successfully.
Pregnancy poses a difficult problem. The disadvantages
of a mechanical valve are the complications of warfarin
or UFH therapy that may affect the patient or the fetus.
The disadvantage of a bioprosthesis is the relatively higher
rate of early structural valve deterioration.
Valve Surgery or Intervention

If a patient needs antithrombotic therapy for any reason
(i.e., atrial fibrillation or the presence of a mechanical valve
in another position), the major advantage of a biological
valve is reduced.

Recommendations for Aortic Valve Selection
Class I

1. A mechanical prosthesis is recommended
for AVR in patients with a mechanical valve
in the mitral or tricuspid position.
(Level of Evidence: C)

2. A bioprosthesis is recommended for AVR
in patients of any age who will not take warfarin
or who have major medical contraindications
to warfarin therapy. (Level of Evidence: C)
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Class IIa

1. Patient preference is a reasonable consideration
in the selection of aortic valve operation and valve
prosthesis. A mechanical prosthesis is reasonable
for AVR in patients under 65 years of age who
do not have a contraindication to anticoagulation.
A bioprosthesis is reasonable for AVR in patients
under 65 years of age who elect to receive this valve
for lifestyle considerations after detailed discussions
of the risks of anticoagulation versus the likelihood
that a second AVR may be necessary in the future.
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(Level of Evidence: C)

2. A bioprosthesis is reasonable for AVR in patients
aged 65 years or older without risk factors for
thromboembolism. (Level of Evidence: C)
3. Aortic valve re-replacement with a homograft is
reasonable for patients with active prosthetic valve
endocarditis. (Level of Evidence: C)

Class IIb

1. A bioprosthesis might be considered for AVR
in a woman of childbearing age. (Level of Evidence: C)
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Recommendations for Mitral Valve Selection
Class I

1. A bioprosthesis is indicated for MVR in a
patient who will not take warfarin, is incapable
of taking warfarin, or has a clear contraindication
to warfarin therapy. (Level of Evidence: C)

Class IIa

1. A mechanical prosthesis is reasonable for
MVR in patients under 65 years of age with
long-standing atrial fibrillation. (Level of Evidence: C)
2. A bioprosthesis is reasonable for MVR in
Valve Surgery or Intervention

patients 65 years of age or older.
(Level of Evidence: C)

3. A bioprosthesis is reasonable for MVR in
patients under 65 years of age in sinus rhythm
who elect to receive this valve for lifestyle
considerations after detailed discussions of the
risks of anticoagulation versus the likelihood
that a second MVR may be necessary in the
future. (Level of Evidence: C)
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IV. Antithrombotic Management
of Prosthetic Heart Valves
A. Indications for Anticoagulation
in Patients With Prosthetic Heart Valves
All patients with mechanical valves require warfarin therapy,
as indicated in Table 2. The risk of embolization is greater with
the valve in the mitral position than in the aortic position. Other
risk factors for increased risk of embolization include atrial
fibrillation, LV dysfunction, clotting disorder, and prior embolic
events. With either type of prosthesis or valve location, the risk
of emboli is higher in the first few months after valve insertion,
before the valve is fully endothelialized. In most patients with a
mechanical prosthesis, the target international normalized ratio
(INR) is 2.5 to 3.5. The target INR can be reduced to 2.0 to 3.0
in those patients with a new-generation AVR and no other risk
factors for thromboembolic events.

Management of Prosthetic Valves

Aspirin is recommended for all patients with prosthetic heart
valves: aspirin alone (75 to 100 mg per day) in patients with
bioprostheses and no risk factors or aspirin (75 to 100 mg per
day) combined with warfarin in patients with mechanical heart
valves and high-risk patients with bioprostheses. In high-risk
patients who cannot take aspirin, the addition of clopidogrel
to warfarin therapy should be considered.
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Table 2. Recommendations for Antithrombotic
Therapy in Patients With Prosthetic Heart Valves

Valve Type

Aspirin
(75-100 mg)

Warfarin
(INR 2.0-3.0)

Warfarin
(INR 2.5-3.5)

Class IIa

No Warfarin

Mechanical Prosthetic
A. AVR – Low Risk
■

Less than 3 months

Class I

Class I

■

Greater than 3 months

Class I

Class I

B. AVR – High Risk

Class I

Class I

C. MVR

Class I

Class I

Biological Prosthetic
A. AVR – Low Risk
■

Less than 3 months

Class I

■

Greater than 3 months

Class I

B. AVR – High Risk

Class IIa

Class IIb
Class IIa

Class I

Class I

Class IIa

C. MVR – Low Risk
Less than 3 months

Class I

■

Greater than 3 months

Class I

D. MVR – High Risk

Class I

Class IIa
Class I

Depending on patients’ clinical status, antithrombotic therapy must be individualized (see special situations in text).
In patients receiving warfarin, aspirin is recommended in virtually all situations. Risk factors: atrial fibrillation,
LV dysfunction, previous thromboembolism, and hypercoagulable condition. INR should be maintained between
2.5 and 3.5 for aortic disk valves and Starr-Edwards valves. Modified from McAnulty JH, Rahimtoola SH.
Antithrombotic therapy in valvular heart disease. In: Schlant R, Alexander RW, editors. Hurst's The Heart.
New York, NY: McGraw-Hill, 1998:1867–74. Reprinted with permission from the McGraw-Hill Companies.
AVR = aortic valve replacement; MVR = mitral valve replacement.
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■

Recommendations for Antithrombotic Therapy
in Patients With Prosthetic Heart Valves
Class I

1. After AVR with bileaflet mechanical or Medtronic
Hall prostheses, warfarin is indicated to achieve
an INR of 2.0 to 3.0 in patients with no risk factors,‡
and to achieve an INR of 2.5 to 3.5 in patients with
risk factors.‡ (Level of Evidence: B)
2. After AVR with Starr-Edwards valves or
mechanical disc valves (other than Medtronic
Hall prostheses), warfarin is indicated to achieve
an INR of 2.5 to 3.5 in patients with no risk factors.‡
(Level of Evidence: B)

3. After MVR with any mechanical valve, warfarin
is indicated to achieve an INR of 2.5 to 3.5.
(Level of Evidence: C)

4. After AVR or MVR with a bioprosthesis and no risk
factors,‡ aspirin is indicated at 75 to 100 mg per day.
Management of Prosthetic Valves

(Level of Evidence: C)

5. After AVR with a bioprosthesis in patients with
risk factors,‡ warfarin is indicated to achieve an
INR of 2.0 to 3.0. (Level of Evidence: C)
6. After MVR with a bioprosthesis in patients with
risk factors,‡ warfarin is indicated to achieve an
INR of 2.5 to 3.5. (Level of Evidence: C)
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7. For those patients who are unable to take
warfarin after AVR or MVR, aspirin is indicated
in a dose of 75 to 325 mg per day.
(Level of Evidence: B)

8. The addition of aspirin 75 to 100 mg once daily
to therapeutic warfarin is recommended for all
patients with mechanical heart valves and those
patients with biological valves who have risk
factors.‡ (Level of Evidence: B)

Class IIa

1. During the first 3 months after AVR with
a mechanical prosthesis, it is reasonable to
give warfarin to achieve an INR of 2.5 to 3.5.
(Level of Evidence: C)

2. During the first 3 months after AVR or MVR
with a bioprosthesis in patients with no risk
factors,‡ it is reasonable to give warfarin to
achieve an INR of 2.0 to 3.0.
(Level of Evidence: C)
Management of Prosthetic Valves

Class IIb

1. In high-risk patients with prosthetic heart
valves in whom aspirin cannot be used, it may
be reasonable to give clopidogrel (75 mg per day)
or warfarin to achieve an INR of 3.5 to 4.5.
(Level of Evidence: C)

‡ Risk

factors include atrial fibrillation, previous

thromboembolism, LV dysfunction, and hypercoagulable
condition.
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B. Embolic Events During Adequate Antithrombotic Therapy
In the patient who has a definite embolic episode while
undergoing adequate antithrombotic therapy, the dosage
of antithrombotic therapy should be increased, when clinically safe, as follows:
■

Warfarin, INR 2.0 to 3.0: warfarin dose increased to

achieve INR of 2.5 to 3.5
■

Warfarin, INR 2.5 to 3.5: warfarin dose may need to be

increased to achieve INR of 3.5 to 4.5
■

Not taking aspirin: aspirin 75 to 100 mg per day should

be initiated
■

Warfarin plus aspirin 75 to 100 mg per day: aspirin dose

may also need to be increased to 325 mg per day if the higher
dose of warfarin is not achieving the desired clinical result
■

Aspirin alone: aspirin dose may need to be increased to

Management of Prosthetic Valves

325 mg per day, clopidogrel 75 mg per day added, and/or
warfarin added.

C. Excessive Anticoagulation
In most patients with an INR above the therapeutic range,
excessive anticoagulation can be managed by withholding
warfarin and monitoring the level of anticoagulation. Rapid
decreases in INR to less than the therapeutic range will increase
the risk of thromboembolism. Patients with an INR of 5 to 10
who are not bleeding can be treated as follows:
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■

Hold warfarin and administer 1 to 2.5 mg of oral vitamin K1

■

Determine INR after 24 h and subsequently as needed

■

Restart warfarin and adjust dose appropriately to ensure the

INR is in the therapeutic range
■

Emergency use of fresh frozen plasma is preferable to high-

dose vitamin K1, especially parenteral vitamin K1.

D. Antithrombotic Therapy in Patients
Requiring Noncardiac Surgery/Dental Care
Antithrombotic therapy should not be stopped for procedures
in which bleeding is either unlikely or would be inconsequential
if it occurred. When bleeding is likely or its potential consequences are severe, antithrombotic therapy should be altered.
The use of “bridging” unfractionated heparin (UFH) or lowmolecular-weight heparin (LMWH) therapy when stopping
the warfarin is dependent on the absence or presence of other
risk factors, which include atrial fibrillation, previous thromboembolism, hypercoagulable condition, LV dysfunction, and the

Recommendations for
Antithrombotic Therapy in Patients
Class I

1. In patients at low risk of thrombosis, defined as
those with a bileaflet mechanical AVR with no risk
factors,§ it is recommended that warfarin be stopped
48 to 72 h before the procedure (so the INR falls to
less than 1.5) and restarted within 24 h after the
procedure. Heparin is usually unnecessary.
(Level of Evidence: B)
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presence of a mitral prosthesis.

2. In patients at high risk of thrombosis, defined
as those with any mechanical MVR or a mechanical
AVR with any risk factor,§ therapeutic doses of
intravenous UFH should be started when the INR
falls below 2.0 (typically 48 h before surgery),
stopped 4 to 6 h before the procedure, restarted as
early after surgery as bleeding stability allows, and
continued until the INR is again therapeutic with
warfarin therapy. (Level of Evidence: B)

Class IIa

1. It is reasonable to give fresh frozen plasma
to patients with mechanical valves who require
interruption of warfarin therapy for emergency
noncardiac surgery, invasive procedures, or dental
care. Fresh frozen plasma is preferable to highdose vitamin K1. (Level of Evidence: B)

Class IIb

1. In patients at high risk of thrombosis (see above),

Management of Prosthetic Valves

therapeutic doses of subcutaneous UFH (15,000 U
every 12 h) or LMWH (100 U per kg every 12 h) may
be considered during the period of a subtherapeutic
INR. (Level of Evidence: B)

52

Class III

1. In patients with mechanical valves who require
interruption of warfarin therapy for noncardiac
surgery, invasive procedures, or dental care,
high-dose vitamin K1 should not be given routinely,
because this may create a hypercoagulable
condition. (Level of Evidence: B)
§ Risk

factors: atrial fibrillation, previous thromboembolism,

LV dysfunction, hypercoagulable conditions, older generation
thrombogenic valves, mechanical tricuspid valves, or more
than 1 mechanical valve.

E. Pregnancy
Anticoagulation for prosthetic valves during pregnancy presents
a difficult problem. Warfarin is probably safe during the first
6 weeks of gestation, but there is a risk of embryopathy if
warfarin is taken between 6 and 12 weeks of gestation.
Warfarin is also relatively safe during the 2nd and 3rd trimester
a heparin compound several weeks before delivery. Several
studies strongly suggest that UFH or LMWH therapy is safe
for the fetus but poses a high incidence of thromboembolic
complications, including fatal valve thrombosis. Thus, warfarin
is more efficacious than UFH for thromboembolic prophylaxis
of women with mechanical heart valves in pregnancy, but with
an increased risk of embryopathy. There are still insufficient
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of pregnancy, but needs to be discontinued and switched to

grounds to make definitive recommendations about optimal
antithrombotic therapy in pregnant patients with mechanical
heart valves because properly designed studies have not been
performed. The final decision on the anticoagulation regimen
requires discussion with the patient regarding the risks and
benefits of each approach. For any anticoagulation, intensive
monitoring is required.

Selection of Anticoagulation Regimen in Pregnant
Patients With Mechanical Prosthetic Valves
Class I

1. All pregnant patients with mechanical
prosthetic valves must receive continuous
therapeutic anticoagulation with frequent
monitoring. (Level of Evidence: B)
2. For women requiring long-term warfarin therapy
who are attempting pregnancy, pregnancy tests
should be monitored with discussions about
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subsequent anticoagulation therapy, so that
anticoagulation can be continued uninterrupted
when pregnancy is achieved. (Level of Evidence: C)
3. Pregnant patients with mechanical prosthetic
valves who elect to stop warfarin between weeks
6 and 12 of gestation should receive continuous
IV UFH, dose-adjusted UFH, or dose-adjusted
subcutaneous LMWH. (Level of Evidence: C)
4. For pregnant patients with mechanical prosthetic
valves up to 36 weeks of gestation, the therapeutic
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choice of continuous intravenous or adjusted-dose
subcutaneous UFH, dose-adjusted LMWH, or
warfarin should be discussed fully. If continuous
IV UFH is used, the fetal risk is lower but the
maternal risks of prosthetic valve thrombosis,
systemic embolization, infection, osteoporosis and
heparin-induced thrombocytopenia are relatively
higher. (Level of Evidence: C)
5. In pregnant patients with mechanical prosthetic valves who receive dose-adjusted LMWH,
the LMWH should be administered twice daily
subcutaneously to maintain the anti-Xa level
between 0.7 to 1.2 units 4 h after administration.
(Level of Evidence: C)

6. In pregnant patients with mechanical prosthetic valves who receive dose-adjusted UFH,
the aPTT should be at least twice control.
(Level of Evidence: C)

7. In pregnant patients with mechanical prosManagement of Prosthetic Valves

thetic valves who receive warfarin, the INR
goal should be 3.0 (range 2.5 to 3.5).
(Level of Evidence: C)

8. In pregnant patients with mechanical prosthetic valves, warfarin should be discontinued and continuous IV UFH given starting at
2 to 3 weeks before planned delivery.
(Level of Evidence: C)
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Class IIa

1. In patients with mechanical prosthetic valves,
it is reasonable to avoid warfarin between weeks
6 and 12 of gestation owing to the high risk of fetal
defects. (Level of Evidence: C)
2. In patients with mechanical prosthetic valves,
it is reasonable to resume heparin 4 to 6 h after
delivery and begin oral warfarin in the absence
of significant bleeding. (Level of Evidence: C)
3. In patients with mechanical prosthetic valves,
it is reasonable to give low-dose aspirin (75 to
100 mg per day) in the second and third trimesters
of pregnancy in addition to anticoagulation with
warfarin or heparin. (Level of Evidence: C)

Class III

1. LMWH should not be administered to pregnant
patients with mechanical prosthetic valves unless
anti-Xa levels are monitored 4 to 6 hours after

Management of Prosthetic Valves

administration. (Level of Evidence: C)
2. Dipyridamole should not be used instead
of aspirin as an alternative antiplatelet agent
in pregnant patients with mechanical prosthetic
valves because of its harmful effects on the fetus.
(Level of Evidence: B)

F. Thrombosis of Prosthetic Heart Valves
Obstruction of prosthetic heart valves may be caused by
thrombus formation, pannus ingrowth, or a combination of
both. The cause may be difficult to determine and requires
56

knowledge of the clinical presentation and findings on
echocardiography, including TEE. Emergency surgery is
indicated for the patient with NYHA functional class III-IV heart
failure or the patient with a large thrombus burden. Fibrinolytic
therapy for a left-sided prosthetic valve obstructed by thrombus
is associated with significant risks (cerebral emboli in 12% to
15%) but may be used in patients at high risk for surgery or
those with stable hemodynamics and a small clot burden.

Recommendations for Thrombosis
of Prosthetic Heart Valves
Class I

1. Transthoracic and Doppler echocardiography
is indicated in patients with suspected prosthetic
valve thrombosis to assess hemodynamic severity.
(Level of Evidence: B)

2. TEE and/or fluoroscopy is indicated in patients
with suspected valve thrombosis to assess valve
motion and clot burden. (Level of Evidence: B)
Management of Prosthetic Valves

Class IIa

1. Emergency operation is reasonable for the
following patients with a thrombosed left sided
prosthetic valve:
A. Patients with NYHA functional class III-IV
symptoms. (Level of Evidence: C)
B. Patients with a large clot burden.
(Level of Evidence: C)
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2. Fibrinolytic therapy is reasonable for thrombosed
right-sided prosthetic heart valves with NYHA
functional class III-IV symptoms or a large clot
burden. (Level of Evidence C)

Class IIb

1. Fibrinolytic therapy may be considered as
a first-line therapy for the following patients
with a thrombosed left sided prosthetic valve:
A. Patients with NYHA functional class I-II
symptoms, and a small clot burden.
(Level of Evidence: B)

B. Patients with a NYHA functional class III-IV
symptoms, and a small clot burden if surgery
is high risk or not available. (Level of Evidence: B)
C. Patients with an obstructed prosthetic valve
who have NYHA functional class II-IV symptoms
and a large clot burden if emergency surgery
is high risk or not available. (Level of Evidence: C)
Management of Prosthetic Valves

2. Intravenous heparin as an alternative to
fibrinolytic therapy may be considered for patients
with a thrombosed valve who are in NYHA
functional class I-II and have a small clot burden.
(Level of Evidence: C)
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I

n contrast to coronary artery disease, heart failure, valvular
disease, and other topics in the field of cardiology, there
are few data from randomized trials to guide physicians in the
management of pericardial diseases. Although there are no
American Heart Association/American College of Cardiology guidelines on this topic, the European Society of Cardiology has recently published useful guidelines for the diagnosis and management of pericardial diseases.1 Our review
focuses on the current state of knowledge and the management of the most important pericardial diseases: acute pericarditis, pericardial tamponade, pericardial constriction, and
effusive constrictive pericarditis.

The Normal Pericardium
The pericardium is a relatively avascular fibrous sac that
surrounds the heart. It consists of 2 layers: the visceral and
parietal pericardium. The visceral pericardium is composed
of a single layer of mesothelial cells that are adherent to the
cardiac epicardium.2,3 The parietal pericardium is a fibrous
structure that is ⬍2 mm thick and is composed primarily of
collagen and a lesser amount of elastin. The 2 layers of the
pericardium are separated by a potential space that can
normally contain 15 to 35 mL of serous fluid distributed
mostly over the atrial-ventricular and interventricular
grooves.
The pericardium surrounds the heart and attaches to the
sternum, the diaphragm, and the anterior mediastinum and is
invested around the great vessels and the venae cavae, serving
to anchor the heart in the central thorax. Because of its
location, the pericardium may also function as a barrier to
infection.
The pericardium is well innervated such that pericardial
inflammation may produce severe pain and trigger vagally
mediated reflexes. The pericardium also secretes prostaglandins that modulate cardiac reflexes and coronary tone.4
As a result of its relatively inelastic physical properties, the
pericardium limits acute cardiac dilatation and enhances
mechanical interactions of the cardiac chambers.5 In response
to long-standing stress, the pericardium dilates, shifting the
pericardial pressure-volume relation substantially to the right
(Figure 1).6 – 8 This allows a slowly accumulating pericardial
effusion to become quite large without compressing the
cardiac chambers and for left ventricular remodeling to occur
without pericardial constriction.

Despite the known important functions of the normal
pericardium, congenital absence or surgical resection of the
pericardium does not appear to have any major untoward
effects.9

Acute Pericarditis
Etiology
Acute inflammation of the pericardium with or without an
associated pericardial effusion can occur as an isolated
clinical problem or as a manifestation of systemic diseases.1,10 –13 Although as many as 90% of isolated cases of acute
pericarditis are idiopathic or viral, the list of other potential
causes is extensive (Table 1). Although formerly common,
tuberculous and bacterial infections have become rare causes
of pericarditis.14 Other causes of acute pericarditis include
uremia,15 collagen vascular diseases,16 neoplasms, and pericardial inflammation after an acute myocardial infarction or
pericardial injury.17
Pericarditis after an acute myocardial infarction most
commonly occurs 1 to 3 days after transmural myocardial
infarction presumably because of the interaction of the
healing necrotic epicardium with the overlying pericardium.
A second form of pericarditis associated with myocardial
infarction (Dressler’s syndrome) typically occurs weeks to
months after a myocardial infarction. It is similar to the
pericarditis that may occur days to months after traumatic
pericardial injury, after surgical manipulation of the pericardium, or after a pulmonary infarction.18 This syndrome is
presumed to be mediated by an autoimmune mechanism and
is associated with signs of systemic inflammation, including
fever, and polyserositis. The frequency of pericarditis after
myocardial infarction has been reduced by the use of reperfusion therapy.19

Clinical Manifestations
Most patients with acute pericarditis experience sharp retrosternal chest pain that can be quite severe and debilitating. In
some cases, however, pericarditis may be asymptomatic, as is
often the case with the pericarditis accompanying rheumatoid
arthritis. Pericardial pain is usually worse with inspiration and
when supine and is relieved by sitting forward. Typically,
pericardial pain is referred to the scapular ridge, presumably
due to irritation of the phrenic nerves, which pass adjacent to
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Figure 1. Pericardial pressure-volume relations determined in
pericardium obtained from a normal experimental animal and
from an animal with chronic cardiac dilation produced by volume loading. The pericardial pressure-volume relation is shifted
to the right in the volume-loaded animal, demonstrating that the
pericardium can dilate to accommodate slowly increasing volume. Reproduced with permission from Freeman and LeWinter.6
Copyright 1984, American Heart Association.

the pericardium.12 The chest pain of acute pericarditis must be
differentiated from that of pulmonary embolism and myocardial ischemia/infarction (Table 2).10
The pericardial friction rub is the classic finding in patients
with acute pericarditis. It is a high-pitched, scratchy sound
that can have 1, 2, or 3 components. These components occur
when the cardiac volumes are most rapidly changing: during
ventricular ejection, during rapid ventricular filling in early
diastole, and during atrial systole. Thus, patients with atrial
fibrillation have only 1 or 2 component rubs. The pericardial
friction rub can be differentiated from a pleural rub, which is
absent during suspended respiration, whereas the pericardial
rub is unaffected. Although it is easy to imagine that the
pericardial rub arises from the inflamed visceral and parietal
layers of the pericardium rubbing together, most patients with
acute pericarditis (including those with audible rubs) have at
least a small pericardial effusion, which should lubricate the
interaction of the 2 layers of the pericardium.12
Early in the course of acute pericarditis, the ECG typically
displays diffuse ST elevation in association with PR depression (Figure 2).12 The ST elevation is usually present in all
leads except for aVR, but in post–myocardial infarction
pericarditis, the changes may be more localized. Classically,
TABLE 1.

Causes of Acute Pericarditis

Idiopathic
Infections (viral, tuberculosis, fungal)
Uremia
Acute myocardial infarction (acute, delayed)
Neoplasm
Post– cardiac injury syndrome (trauma, cardiothoracic surgery)
Systemic autoimmune disease (systemic lupus erythematosus, rheumatoid
arthritis, ankylosing spondylitis, systemic sclerosing periarteritis nodosa,
Reiter’s syndrome)
After mediastinal radiation
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the ECG changes of acute pericarditis evolve through 4
progressive stages: stage I, diffuse ST-segment elevation and
PR-segment depression; stage II, normalization of the ST and
PR segments; stage III, widespread T-wave inversions; and
stage IV, normalization of the T waves.12 Patients with
uremic pericarditis frequently do not have the typical ECG
abnormalities.19
Patients with acute pericarditis usually have evidence of
systemic inflammation, including leukocytosis, elevated
erythrocyte sedimentation rate, and increased C-reactive protein. A low-grade fever is common, but a temperature ⬎38°C
is unusual and suggests the possibility of purulent bacterial
pericarditis.10,20
Troponin is frequently minimally elevated in acute pericarditis, usually in the absence of an elevated total creatine
kinase.21,22 Presumably, this is due to some involvement of
the epicardium by the inflammatory process. Although the
elevated troponin may lead to the misdiagnosis of acute
pericarditis as a myocardial infarction, most patients with an
elevated troponin and acute pericarditis have normal coronary
angiograms.22 An elevated troponin in acute pericarditis
typically returns to normal within 1 to 2 weeks and is not
associated with a worse prognosis.10
Echocardiography usually demonstrates at least a small
pericardial effusion in the presence of acute pericarditis. It is
also helpful in excluding cardiac tamponade (see below).
Pericardiocentesis is indicated if the patient has cardiac
tamponade (see below) or in suspected purulent or malignant
pericarditis.1,10,23 In the absence of these situations, when the
cause of the acute pericarditis is not apparent on the basis of
routine evaluation, pericardiocentesis and pericardial biopsy
rarely provide a diagnosis and thus are not indicated.23,24

Treatment
If acute pericarditis is a manifestation of an underlying
disease, it often responds to the treatment of the primary
condition. For example, uremic pericarditis usually resolves
with adequate renal dialysis.15 Most acute idiopathic or viral
pericarditis is a self-limited disease that responds to treatment
with aspirin (650 mg every 6 hours) or another nonsteroidal
antiinflammatory agent (NSAID). The intravenous administration of ketorolac, a parenteral NSAID, was effective in
relieving the pain of acute pericarditis in 22 consecutive
patients.25 Aspirin may be the preferred nonsteroidal agent to
treat pericarditis after myocardial infarction because other
NSAIDs may interfere with myocardial healing.10 Indomethacin should be avoided in patients who may have coronary
artery disease.
If the pericardial pain and inflammation do not respond to
NSAIDs or if the acute pericarditis recurs, colchicine has
been observed to be effective in relieving pain and preventing
recurrent pericarditis.26 The routine use of colchicine is
supported by recently reported results of the Colchicine for
Acute Pericarditis (COPE) Trial.27 One hundred twenty
patients with a first episode of acute pericarditis (idiopathic,
acute, postpericardiotomy syndrome, and connective tissue
disease) entered a randomized, open-label trial comparing
aspirin plus colchicine (1.0 to 2.0 mg for the first day
followed by 0.5 to 1.0 mg/d for 3 months) with treatment with
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TABLE 2.

Differentiation of Pericarditis From Myocardial Ischemia/Infarction and Pulmonary Embolism
Myocardial Ischemia or Infarction

Pericarditis

Pulmonary Embolism

Chest pain
Character

Pressure-like, heavy, squeezing

Sharp, stabbing, occasionally dull

Sharp, stabbing

Change with respiration

No

Worsened with inspiration

In phase with respiration (absent
when the patient is apneic)

Change with position

No

Worse when supine; improved
when sitting up or leaning forward

No

Duration

Minutes (ischemia); hours
(infarction)

Hours to days

Hours to days

Response to nitroglycerin

Improved

No change

No change

Absent (unless pericarditis is
present)

Present in 85% of patients

Rare; a pleural friction rub is
present in 3% of patients

ST-segment elevation

Localized convex

Widespread concave

Limited to lead III, aVF, and V1

PR-segment depression

Rare

Frequent

None

Q waves

May be present

Absent

May be present in lead III or aVF
or both

T waves

Inverted when ST segments are
still elevated

Inverted after ST segments have
normalized

Inverted in lead II, aVF, or V1 to V4
while ST segments are elevated

Physical examination
Friction rub
ECG

Adapted with permission from Lange and Hillis.10 Copyright 2004, Massachusetts Medical Society.

aspirin alone. Colchicine reduced symptoms at 72 hours
(11.7% versus 36.7%; Pⱕ0.03) and recurrence at 18 months
(10.7% versus 36.7%; P⫽0.004; number needed to treat⫽5).
Colchicine was discontinued in 5 patients because of diarrhea. No other adverse events were noted. Importantly, none
of 120 patients developed cardiac tamponade or progressed to
pericardial constriction.28
Although acute pericarditis usually responds dramatically
to systemic corticosteroids, their use early in the course of
acute pericarditis appears to be associated with increased
incidence of relapse after tapering the steroids.28,29 An observational study strongly suggests that use of steroids increases
the probability of relapse in patients treated with colchicine.30
Furthermore, in the COPE Trial, steroid use was an independent risk factor for recurrence (odds ratio⫽4.3).27 Accord-

ingly, systemic steroids should be considered only in patients
with recurrent pericarditis unresponsive to NSAIDs and
colchicine or as needed for treatment of an underlying
inflammatory disease. If steroids are to be used, an effective
dose (1.0 to 1.5 mg/kg of prednisone) should be given, and it
should be continued for at least 1 month before slow
tapering.31 Experts have suggested that a detailed search for
the cause of recurrent pericarditis should be undertaken
before steroid therapy is initiated in resistant or relapsing
cases of pericarditis.1,28
The intrapericardial administration of steroids has been
reported to be effective in acute pericarditis without producing the frequent reoccurrence of pericarditis that complicates
the use of systemic steroids, but the invasive nature of this
procedure limits its utility.29,32 A very few patients with

Figure 2. ECG demonstrating typical features seen on presentation of acute pericarditis. There is diffuse ST elevation and PR depression except in aVR, where there is ST depression and PR elevation.
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frequent, highly symptomatic recurrences of pericarditis despite intensive medical therapy may require surgical pericardiectomy.32 However, painful relapses can occur even
after pericardiectomy, especially if the pericardium is not
completely removed.28
Most patients with acute pericarditis recover without sequelae. Predictors of a worse outcome include the following:
fever ⬎38°C, symptoms developing over several weeks in
association with immunosuppressed state, traumatic pericarditis, pericarditis in a patient receiving oral anticoagulants, a
large pericardial effusion (⬎20 mm echo-free space or
evidence of tamponade), or failure to respond to NSAIDs.20
In a recent series of 300 patients with acute pericarditis, 254
(85%) did not have any of the high-risk characteristics and
had no serious complications.20 Of these low-risk patients,
221 (87%) were managed as outpatients, and the other 13%
were hospitalized when they did not respond to aspirin.20
On the basis of these considerations, we manage patients
presenting with acute pericarditis in the following manner.
Patients are hospitalized but are discharged in 24 to 48 hours
if they have no high-risk factors and their pain has improved.
Initial therapy includes aspirin (650 to 975 mg every 6 to 8
hours) and colchicine (2 g initially followed by 1 g/d). In
addition, we use a proton pump inhibitor in most patients to
improve the gastric tolerability of the aspirin. We advise
against exercise until after the chest pain completely resolves.
Even if the pain responds promptly, we continue aspirin for 4
weeks and colchicine for 3 months to minimize the risk of
recurrent pericarditis. If pericarditis reoccurs, we reload with
colchicine and use intravenous ketorolac (30 mg every 6
hours) and then continue an oral NSAID and colchicine for at
least 3 more months. We make every effort to avoid the use
of steroids, reserving steroids for patients who cannot tolerate
aspirin and other NSAIDs or who have a recurrence not
responsive to colchicine and intravenous NSAIDs.
It is important to recognize that there are no clear data to
guide this set of recommendations. In general, if a recurrence
of pericarditis is mild it can be treated with intensification of
NSAID therapy; various combinations of aspirin, NSAIDS,
and colchicine have been successfully applied in such cases.

Cardiac Tamponade
Pathophysiology
Cardiac tamponade occurs when fluid accumulation in the
intrapericardial space is sufficient to raise the pressure surrounding the heart to the point where cardiac filling is altered.
Ultimately, compression of the heart by a pressurized pericardial effusion results in markedly elevated venous pressures
and impaired cardiac output producing shock; if untreated, it
can be rapidly fatal.33
Under normal conditions, the space between the parietal
and visceral pericardium can accommodate only a small
amount of fluid before the development of tamponade physiology. It is not surprising, therefore, that cardiac perforation
quickly results in tamponade. With a gradually accumulating
effusion, however, as is often the case in malignancy, very
large effusions can be accommodated without tamponade
(Figure 1). The key concept is that once the total intraperi-
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cardial volume has caused the pericardium to reach the
noncompliant region of its pressure-volume relation, tamponade rapidly develops.
Because of its lower pressures, the right heart is most
vulnerable to compression by a pericardial effusion, and
abnormal right heart filling is the earliest sign of a hemodynamically significant pericardial effusion. Under these conditions, adequate filling of the right heart requires a compensatory increase in systemic venous pressure, which results
from venoconstriction and fluid retention. Of note, when
cardiac tamponade results from hemorrhage into the pericardium, there can be rapid circulatory collapse because not only
does pericardial pressure rapidly rise but intravascular volume falls, preventing a compensatory increase in venous
pressure.
The increased pericardial pressure in cardiac tamponade
accentuates the interdependence of the cardiac chambers as
the total cardiac volume is limited by the pericardial effusion.33–36 The volume in any cardiac chamber can only
increase when there is an equal decrease in the volume in
other chambers. Thus, venous return and atrial filling predominantly occur during ventricular systole as the ejection of
blood out of the right and left ventricles lowers cardiac
volume and allows blood to enter the atria. Moreover, the
normal effects of respiration are accentuated such that venous
return and right-sided filling occur during inspiration as
intrathoracic pressures fall, providing a pressure gradient
from the systemic veins to the right atrium. Because the total
intrapericardial volume is fixed by the pressurized effusion,
this increased inspiratory right ventricular filling crowds the
left ventricle and impairs its filling. Thus, in tamponade, left
heart filling occurs preferentially during expiration when
there is less filling of the right heart. The small normal
respiratory variation in left ventricular stroke volume and
systolic arterial pressure is markedly accentuated in cardiac
tamponade, resulting in the clinical finding of “paradoxical
pulse” (see below).

Clinical Presentation
Cardiac tamponade is a treatable cause of cardiogenic shock
that can be rapidly fatal if unrecognized. As such, cardiac
tamponade should be considered in the differential diagnosis
of any patients with shock or pulseless electric activity.1
Patients with impending or early tamponade are usually
anxious and may complain of dyspnea and chest pain.33 The
increased venous pressure is usually apparent as jugular
venous distension. The X descent (during ventricular systole)
is typically the dominant jugular venous wave with little or no
Y descent. In rapidly developing cardiac tamponade, especially hemorrhagic cardiac tamponade, there may not have
been time for compensatory increase in venous pressure, and
the jugular veins may not be distended. Such “low-pressure”
tamponade may also occur in patients with uremic pericarditis who have been volume depleted.37 The heart sounds are
classically soft or muffled, especially if there is a large
pericardial effusion.
The hallmark of cardiac tamponade is a paradoxical pulse.
This is defined as a ⬎10-mm Hg drop in systolic arterial
pressure during inspiration.1 When severe, the paradoxical
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Figure 3. A, Two-dimensional echocardiogram in 4-chamber
view from a patient with cardiac tamponade. There is a large
pericardial effusion apparent as an echo-free space around the
heart. In diastole, there is collapse of the right atrium (arrow). B,
Doppler measurement of mitral valve and tricuspid flow velocities in a patient with cardiac tamponade. There is marked reciprocal respiratory variation: during inspiration, mitral valve flow
velocity decreases, and tricuspid valve flow velocity increases.

pulse can be apparent as an absence of a palpable brachial or
radial pulse during inspiration. A paradoxical pulse can also
occur when there are wide swings in intrathoracic pressure
and in other conditions such as pulmonary embolism and
hypovolemic shock. It is important to recognize that the
paradoxical pulse may be difficult to recognize in the presence of severe shock and may be absent in cardiac tamponade
if there is coexisting aortic insufficiency, atrial septal defect,
or preexisting elevated left ventricular end-diastolic pressure
due to left ventricular hypertrophy or dilatation.33,38

Echocardiography
Echocardiography is an important part of the evaluation in
patients with cardiac tamponade and should be performed
without delay in any patient who is suspected of having this
condition.39 Echocardiography visualizes pericardial effusions as an echo-free space around the heart (Figure 3).
Patients with acute hemorrhagic effusions may have pericardial thrombus apparent as an echo-dense mass.40 Small
pericardial effusions are only seen posteriorly. Pericardial
effusions large enough to produce cardiac tamponade are
almost always circumferential (both anteriorly and
posteriorly).2
Echocardiography can also provide information on the
significance of the pericardial effusion.41 In the presence of
cardiac tamponade, there is diastolic collapse of the free walls
of the right atrium and/or right ventricle.42,43 This is due to
compression of these relatively low-pressure structures by the

higher-pressure pericardial effusion. The collapse is exaggerated during expiration when right heart filling is reduced.
Right atrial collapse is more sensitive for tamponade, but
right ventricular collapse lasting more than one third of
diastole is a more specific finding for cardiac tamponade. Of
note, right ventricular collapse may also be present with large
pleural effusions in the absence of pericardial effusion or
cardiac tamponade.44
There are other echo-Doppler findings that are indicative
of the hemodynamic consequence of cardiac tamponade.41,45
Distention of the inferior vena cavae that does not diminish
with inspiration is a manifestation of the elevated venous
pressure in tamponade,46 whereas venous flow predominantly
occurs in systole, not diastole, because of the limited cardiac
volume.47 In addition, there can be marked reciprocal respiratory variation in mitral and tricuspid flow velocities reflecting the enhanced ventricular interdependence that is the
mechanism of the paradoxical pulse (Figure 3).48 Collapse of
right-sided chambers is a sensitive indicator of tamponade,
but abnormalities of cardiac filling are a more specific
finding.47
Thus, echocardiography demonstrates the presence and
size of the pericardial effusion and reflects its hemodynamic
consequences. Right atrial and ventricular collapse indicates
cardiac compression, whereas enhanced respiratory variation
of ventricular filling is a manifestation of increased ventricular interdependence. Although echocardiography provides
important information, it must be emphasized that cardiac
tamponade is ultimately a clinical diagnosis (see below).47

Treatment
The treatment of cardiac tamponade is drainage of the
pericardial effusion. Medical management is usually ineffective and should be used only while arrangements are made for
pericardial drainage. Fluid resuscitation may be of transient
benefit if the patient is volume depleted (hypovolemic cardiac
tamponade). The use of inotropic agents is usually ineffective
because there is already intense endogenous adrenergic stimulation. The initiation of mechanical ventilation in a patient
with tamponade may produce a sudden drop in blood pressure
because the positive intrathoracic pressure will contribute to
a further impairment of cardiac filling.39
In the absence of clinical evidence of tamponade, echocardiographic findings of right-sided diastolic collapse do not
mandate emergency pericardiocentesis. For example, we do
not recommend emergency pericardial drainage in a patient
who has a nontraumatic pericardial effusion with right-sided
collapse if there is an adequate stable blood pressure
(⬎110 mm Hg systolic) without a paradoxical pulse (ie,
⬍10 mm respiratory variation in systolic pressure). However,
the patient must be observed carefully because the development of only a small additional amount of pericardial fluid
can result in tamponade. In some patients, the echocardiographic signs of cardiac compression will resolve within a
few days, and pericardiocentesis can be avoided if there is no
other indication.
Traditionally, nonemergent pericardiocentesis has been
performed in the cardiac catheterization laboratory under
fluoroscopic guidance with invasive hemodynamic monitor-
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Figure 4. Potential algorithm for managing patients with a moderate to large
pericardial effusion. See the text for a
discussion of methods to drain the pericardial effusion. Adapted and redrawn
with permission from Hoit.54 Copyright
2002, American Heart Association.

ing.1 Performing pericardiocentesis in this setting provides
the option of utilizing right heart catheterization before and
after the procedure to confirm the diagnosis, if necessary, and
to detect effusive-constrictive pericardial disease (see below).
More recently, echocardiographic-guided pericardiocentesis
has been demonstrated to be a safe and effective procedure
that can be performed at the bedside.49 During this procedure
the ideal entry site (minimal distance from skin to pericardial
fluid without intervening structures) can be defined. Continued drainage of the pericardial fluid through an indwelling
catheter minimizes the risk of reoccurrence of the effusion. If
pericardial tissue is required for diagnosis or in the case of
purulent pericarditis or recurrent effusions, surgical drainage
may be the preferred treatment. Surgery is also the treatment
for traumatic hemopericardium.1
Surgical drainage of a pericardial effusion is usually
performed through a limited subxiphoid incision. This allows
direct visualization and biopsy of the pericardium. The
diagnosis accuracy can be improved by inserting a pericardioscope.50 This provides direct visualization of a much
larger area of the pericardium and the ability to obtain
multiple biopsies. Recently, a flexible pericardioscope has
been developed that can be inserted percutaneously.51
Malignant pericardial effusions frequently reoccur. Such
recurrent pericardial effusions may necessitate the surgical
creation of a pericardial window that allows the effusion to
drain into the pleural space, preventing reoccurrence of
cardiac tamponade. An attractive alternative in these patients,
especially if their overall prognosis is poor from the malignancy, is the percutaneous creation of a pericardial window
by balloon dilation.52,53

Pericardial Effusion Without Tamponade
Acute pericarditis is often accompanied by a small pericardial
effusion that does not produce tamponade.20 If there is no
hemodynamic compromise and the diagnosis can be established by other means, pericardiocentesis may not be neces-

sary.1,23,54 If it accumulates slowly, a large pericardial effusion of a liter or more can be present without cardiac
tamponade. However, nearly 30% of a series of 28 patients
with large idiopathic pericardial effusions developed cardiac
tamponade unexpectedly.55 In this series, pericardiocentesis
with catheter drainage alone resulted in resolution of the
effusion without reoccurrence in about half of the patients.
Thus, pericardiocentesis may be advisable in patients with
very large pericardial effusions (⬎20 mm on echocardiography), even in the absence of tamponade. In contrast, Merce et
al47 demonstrated that none of 45 patients with large pericardial effusions managed without pericardial drainage subsequently developed tamponade. It must be recognized that
pericardiocentesis will not yield a diagnosis in most patients,
and therefore the reason for draining large effusions is to
avoid potential progression to tamponade.47 We believe that
the risk of progression to tamponade is greatest in patients
with the recent development of large effusions or who have
evidence of diastolic right-sided collapse. Some experts have
recommended routine drainage of pericardial effusions that
persist for ⬎3 months.54 We do not believe that this is
necessary. A potential algorithm for the management of
pericardial effusions is shown in Figure 4.

Pericardial Constriction
Pathophysiology
Pericardial constriction occurs when a scarred, thickened, and
frequently calcified pericardium impairs cardiac filling, limiting the total cardiac volume.1,36,56 The pathophysiological
hallmark of pericardial constriction is equalization of the
end-diastolic pressures in all 4 cardiac chambers. This occurs
because the filling is determined by the limited pericardial
volume, not the compliance of the chambers themselves.
Initial ventricular filling occurs rapidly in early diastole as
blood moves from the atria to the ventricles without much
change in the total cardiac volume. However, once the
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pericardial constraining volume is reached, diastolic filling
stops abruptly. This results in the characteristic dip and
plateau of ventricular diastolic pressures. The stiff pericardium also isolates the cardiac chambers from respiratory
changes in intrathoracic pressures, resulting in Kussmaul’s
sign (see below).

Etiology
Pericardial constriction is usually the result of long-standing
pericardial inflammation leading to pericardial scarring with
thickening, fibrosis, and calcification.56 The most frequent
causes are mediastinal radiation, chronic idiopathic pericarditis, after cardiac surgery, and tuberculous pericarditis.1,57–59

Clinical Manifestations
Patients with pericardial constriction typically present with
manifestations of elevated systemic venous pressures and low
cardiac output.58 Because there is equalization of all cardiac
pressures (including right and left atrial pressures), systemic
congestion is much more marked than pulmonary congestion.
Typically, there will be marked jugular venous distension,
hepatic congestion, ascites, and peripheral edema, while the
lungs remain clear. The limited cardiac output typically
presents as exercise intolerance and may progress to cardiac
cachexia with muscle wasting. In long-standing pericardial
constriction, pleural effusions, ascites, and hepatic dysfunction may be prominent clinical features.1 Patients with pericardial constriction are much more likely to have left-sided or
bilateral pleural effusions than solely right-sided effusions.60
The jugular veins are distended with prominent X and Y
descents. The normal inspiratory drop in jugular venous
distention may be replaced by a rise in venous pressure
(Kussmaul’s sign). This sign may also be present with severe
right heart failure, especially in association with tricuspid
regurgitation. The classic auscultatory finding of pericardial
constriction is a pericardial knock. This occurs as a highpitched sound early in diastole when there is the sudden
cessation of rapid ventricular diastolic filling.61 When accurately recognized, a pericardial knock is a specific but
insensitive indicator of pericardial constriction.
Pericardial calcification seen on the lateral plane chest
x-ray is suggestive of pericardial constriction.62 Similarly,
most patients with pericardial constriction have a thickened
pericardium (⬎2 mm) that can be imaged by echocardiography, CT, and MRI (Figure 5).1,56,63 It is important to recognize, however, that pericardial constriction can be present
without pericardial calcium and, in some cases, even without
pericardial thickening. For example, in a series of 143
patients from the Mayo Clinic with surgically proven pericardial constriction, 26 (18%) had a normal pericardial
thickness (⬍2 mm).64 Finally, the pericardial constriction
may be predominantly localized to one region of the heart.
Tagged cine MRI has been reported to be able to demonstrate adhesion of the pericardium to the myocardium in
pericardial constriction.65 This is recognized by persistent
concordance of tagged signals between the pericardium and
myocardium throughout the cardiac cycle.
Doppler echocardiography is important in the evaluation of
patients with suspected pericardial constriction. The echocar-

Figure 5. Chest CT from a patient with pericardial constriction
showing thickened pericardium (arrows) and a left pleural effusion. Reproduced with permission from Circulation.
2005:111:e364. Copyright 2005, American Heart Association.

diogram may demonstrate pericardial thickening and calcification. However, increased pericardial thickness can be
missed on a transthoracic echocardiogram. Transesophageal
echocardiography is more sensitive and accurate in determining pericardial thickness.66 Transesophageal echocardiography can also assess pulmonary venous flow.
Doppler echocardiography frequently demonstrates restricted filling of both ventricles with a rapid deceleration of
the early diastolic mitral inflow velocity (E wave) and small
or absent A wave. In addition, there is substantial (⬎25%)
respiratory variation of the mitral inflow velocity (Figure 6).67
Wide swings in the E wave velocity may also occur in
patients with respiratory disease, but these are associated with
marked respiratory variation in the superior vena caval flow
velocity (typically ⬎20 cm/s), whereas the variation with
pericardial constriction is less.46,68 Other findings in constrictive pericarditis include preserved diastolic mitral annular
velocity, rapid diastolic flow propagation to the apex, and
diastolic mitral regurgitation.69

Differential Diagnosis
Pericardial constriction should be considered in any patient
with unexplained systemic venous congestion. Echocardiography is useful in differentiating pericardial constriction from
right heart failure due to tricuspid valve disease and/or
associated pulmonary hypertension.
The most difficult differentiation is between pericardial
constriction and restrictive cardiomyopathy (Table 3). Clinical manifestations of restrictive cardiomyopathy most typically due to cardiac amyloid may be very similar to those due
to pericardial constriction.70,71 Doppler echocardiography is
the most useful method to distinguish constriction from
restriction. Patients with pericardial constriction have marked
respiratory variation (⬎25%) of mitral inflow, whereas this is
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not present in restrictive cardiomyopathies.67 In some cases of
pericardial constriction with markedly elevated venous pressures, the respiratory variation may only be present after
head-up tilt.72 The tissue Doppler measurement of mitral
annular velocities is useful in distinguishing constriction from

Differentiation of Pericardial Constriction From Restrictive Cardiomyopathy
Pericardial Constriction

Restrictive Cardiomyopathy

Pulmonary congestion

Usually absent

Usually present

Jugular venous pulse

Prominent Y descent

Physical examination

Early diastolic sound

Pericardial knock

S3 (low pitched)

Pericardial thickness

⬎2 mm (but ⬍2 mm in 15%)

⬍2 mm

Echo/Doppler findings
LV myocardium

Normal

“Sparkling” myocardium in amyloid

⫹/⫺ Atrial enlargement

Atrial enlargement

Restricted

Restricted

Respiratory variation in E wave

⬎25%

⬍20%

Mitral annular diastolic velocity

⬎8 cm/s

⬍8 cm/s

⬍200 pg/mL

⬎600 pg/mL

Atrial size
Mitral valve flow pattern

Biomarker
B-type natriuretic peptide
Hemodynamics
Y descent
PA systolic pressure
PCW-RA pressure
Reciprocal respiratory variation
in right ventricular/left ventricular peak
systolic pressure
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restriction. The early diastolic mitral annular velocity (Ea) is
almost always reduced in patients with myocardial restriction,
whereas it remains normal in patients with pericardial constriction.69,73,74 The optimal discrimination occurs with an Ea
velocity of 8 cm/s. Similarly, rapid propagation of early
diastolic flow to the apex is preserved in constriction and
reduced in restriction. A slope ⱖ100 cm/s of the first aliasing
contour in the color M-mode best distinguishes the 2.69
It has recently been reported that patients with pericardial
constriction have only minimally elevated B-type natriuretic
peptide (⬍200 pg/mL), whereas the B-type natriuretic peptide levels are typically markedly increased in patients with
restrictive cardiomyopathy (⬎600 pg/mL).75
Traditionally, constriction and restriction were differentiated at cardiac catheterization by hemodynamic criteria. In
constriction, there is usually almost exact equalization of late
diastolic pressures in both the right and left heart. With
restriction, typically left ventricular end-diastolic pressure
exceeds right ventricular pressure by at least a few mm Hg.
Pulmonary hypertension is frequently seen with restriction
but is not typically present with constriction. Thus, right
ventricular diastolic pressure should be more than one third of
the right ventricular systolic pressure in pericardial
constriction.
It should be recognized that the aforementioned classic
hemodynamic criteria have limited specificity (24% to 57%)
in distinguishing pericardial constriction from cardiomyopathies.76 In contrast, dynamic respiratory variations indicating
increased ventricular interdependence are superior. In constriction during inspiration, right ventricular systolic pressures increase, while left ventricular systolic pressure decreases. The inverse occurs during expiration. This finding

Figure 6. Doppler mitral flow and superior vena caval velocity in
a patient with pericardial constriction. There is marked (⬎25%)
respiratory variation in the peak early diastolic initial flow velocity E (decreased during inspiration [ins] and increased during
expiration [exp]). In contrast, there is less respiratory variation of
the flow velocity in the vena cava. S indicates systole; D, diastole. Reproduced with permission from Boonyaratavej et al.68
Copyright 1998, American College of Cardiology Foundation.

TABLE 3.

Pericardial Disease

Prominent

Variable

⬍50 mm Hg

⬎60 mm Hg

0

5 mm Hg

Present

Absent

PA indicates pulmonary arterial; PCW, pulmonary capillary wedge; and RA, right atrial.
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had ⬎90% sensitivity and specificity in recognizing constrictive pericarditis versus restriction in a series of 36 patients
from the Mayo Clinic.76
Endomyocardial biopsy performed during catheterization
can also be utilized in selected cases to distinguish myocardial disease from pericardial constriction.77
Bush et al78 first observed that, in some patients, the
hemodynamic findings of constriction may only be present
after rapid volume loading and labeled this syndrome occult
constrictive pericarditis. Some patients with this syndrome
may improve after removal of the pericardium. The sensitivity and specificity of the response to volume loading and the
role of pericardiectomy in treating this condition are not well
established.79 Thus, we do not recommend volume loading as
part of the routine hemodynamic evaluation of patients with
suspected pericardial constriction.

Treatment
In some patients with relatively acute onset pericardial
constriction, the symptoms and constrictive features may
resolve with medical therapy alone.80 For example, Haley et
al81 reported a series of 36 patients with pericardial constriction that resolved with treatment with the use of antiinflammatory agents, colchicine, and/or steroids.
In more chronic pericardial constriction, definitive treatment is surgical pericardial decortication, widely resecting
both the visceral and parietal pericardium.1 This operation is
a major undertaking with substantial risk (⬎6% mortality
even in the most experienced centers).57,58 In some patients, it
does not immediately restore normal cardiac function, which
may require some time after removal of the constricting
pericardium to return to normal. The largest surgical series
from the Mayo Clinic and the Cleveland Clinic indicate that
patients with constriction due to idiopathic or viral pericarditis do best and patients with radiation-induced constriction
fare most poorly after surgery.57,58

Effusive Constrictive Pericarditis
Hancock82 first recognized that some patients presenting with
cardiac tamponade did not have resolution of their elevated
right atrial pressure after removal of the pericardial fluid. In
these patients, pericardiocentesis converted the hemodynamics from those typical of tamponade to those of constriction
(Figure 7). Thus, the restriction of cardiac filling was not only
due to the pericardial effusion but also resulted from pericardial constriction (predominantly the visceral pericardium).
Sagristá-Sauleda et al79 recently reported a consecutive
series of ⬎1000 patients with pericarditis, 218 of whom had
cardiac tamponade and underwent pericardiocentesis. In 15 of
these patients, the right atrial and right ventricular diastolic
pressures remained elevated with a dip and plateau morphology after the pericardiocentesis, and thus they were considered to have effusive constrictive pericarditis. The most
common cause was idiopathic pericarditis as well as malignancies and after radiation. One patient had tuberculous
pericarditis. Three of the patients with idiopathic effusive
constrictive pericarditis had subsequent resolution of their
symptoms. Others required pericardiectomy, including removal of the visceral pericardium. Effusive constrictive

Figure 7. Effusive pericardial constriction. A, The presence of
pericardial fluid causes tamponade, and a thickened visceral
pericardium (epicardium) causes constriction. Pressure tracings
(B) show marked and equal elevations of the pericardial and
right atrial pressures typical of cardiac tamponade before the
removal of fluid. After fluid removal, the pericardial pressure is
normal (increasing and decreasing with respiration), but the right
atrial pressure remains elevated, indicating the presence of pericardial constriction. Reproduced with permission from Hancock.83 Copyright 2004, Massachusetts Medical Society.

pericarditis most likely represents an intermediate transition
from acute pericarditis with pericardial effusion to pericardial
constriction.83

Summary
Acute pericarditis typically is a self-limited disease, usually
idiopathic or of viral origin, that responds to treatment with
NSAIDs. The recent COPE Trial indicates a better outcome if
all patients receive a 3-month course of colchicine. The use of
steroids to treat acute pericarditis should be avoided because
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they increase the risk of recurrence. Cardiac tamponade is a
life-threatening condition caused by a pressurized pericardial
effusion. Doppler echocardiography plays a key role in its
recognition, and echocardiogram-guided pericardiocentesis
has become the treatment of choice in most instances.
Pericardial constriction is a potentially treatable cause of
chronic heart failure that must be distinguished from restrictive cardiomyopathy. This can be accomplished with a
combination of Doppler echocardiography, Doppler tissue
imaging, MRI, and cardiac catheterization. In effusive constrictive pericarditis, the cardiac compression is due to both a
pressurized pericardial effusion and pericardial restriction.
Pericardiocentesis converts the hemodynamics from tamponade to constriction.
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Prophylaxis of infective endocarditis: current tendencies,
continuing controversies
Xavier Duval, Catherine Leport

Infective endocarditis is a severe disease with high mortality, and results most often from the combination of
bacteraemia (sometimes provoked) and a predisposing cardiac condition. Prophylaxis for infective endocarditis has
been recommended by diﬀerent countries on the basis of the supposed pathophysiology of the disease, although no
randomised clinical trial has conﬁrmed its eﬃcacy. We review the data presented over the past few decades, challenge
the principles underlying prophylaxis recommendations, and analyse the arguments that explain the general tendency
in very recent years to decrease prophylaxis indications. Such arguments include the probable important role of
everyday-life bacteraemia in the occurrence of infective endocarditis, the estimated huge number of prophylaxis doses
to be given to avoid a single case of infective endocarditis, and the lack of scientiﬁc evidence to identify those
procedures that should lead to prophylaxis. Recommendations for prophylaxis are now essentially focused on patients
with high-risk predisposing cardiac conditions before dental procedures.

Introduction
Infective endocarditis is a rare but severe disease, with
100% mortality in the pre-antibiotic area. Its incidence
seems to have been stable over the past few decades and
has a range of 25–50 cases per million inhabitants per
year.1,2 The epidemiology of infective endocarditis is
complex to assess because diagnosis is diﬃcult and
referral bias has a large impact on the clinical
characteristics of the population studied in diﬀerent
clinical settings. However, the proﬁle of patients
presenting with infective endocarditis seems to have
changed during the past few decades, with an increased
proportion of elderly patients, a decrease in patients with
rheumatic heart disease, and a decrease in infective
endocarditis caused by oral streptococci, although this
latter point is the subject of controversy.1–3 Valve surgery
for infective endocarditis is done in about one patient in
two, with a perioperative mortality that remains high.
Overall, in-hospital mortality is around 20%. Since 1954,
prophylaxis of infective endocarditis has been
recommended by diﬀerent countries based on the
supposed pathophysiology of the disease. Over time,
various arguments have arisen to support a trend towards
a reduction in prophylaxis and how this should be
achieved in practice. The aim of our Review is to
summarise recent data that support such a reduction,
and to outline the current general principles of infective
endocarditis prophylaxis. This Review will concentrate
mainly on infective endocarditis prophylaxis for dental
procedures, the most widely studied situation in which
antibiotic prophylaxis is used.

Data supporting the current prophylaxis
recommendations
The link between dental hygiene and infective endocarditis
was made in 1909 by Horder,4 who observed that,
“infection is grafted upon a previously sclerosed
endocardium…the source of infecting agent, in most of
the cases, is the mouth”. In 1935, Okell and Elliott5
reported the occurrence of bacteraemia after tooth
http://infection.thelancet.com Vol 8 April 2008

extraction in 84 (61%) of 138 patients. Infective
endocarditis is a condition that lends itself well to
strategies that aim to prevent the development of bacteria
on the endocardium of patients with a previously
identiﬁed predisposing cardiac condition (PCC; panel). A
preventive strategy targeting such patients is based not
only on the screening and treatment of potential points of
entry, but also on antibiotic prophylaxis given before
invasive procedures that could potentially induce
bacteraemia. Although its eﬃcacy has not been shown in
human beings, antibiotic prophylaxis of infective
endocarditis has been recommended since 1954 for
patients with PCC.7,8 The recommendations for
prophylaxis are based in part on the results of animal
studies that showed the eﬀectiveness of antibiotics in
preventing the development of infective endocarditis after
experimental inoculation of bacteria,9 and in part on
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Panel: PCCs according to the risk of developing infective
endocarditis (consensual classiﬁcation)
High risk
Previous infective endocarditis
Mechanical or biological prosthetic valves
Surgically constructed systemic or pulmonary shunt or
conduit
Complex cyanotic congenital heart disease (single ventricle
states, transposition of the great arteries, tetralogy of Fallot)
Cardiac transplantation recipients who develop cardiac
valvulopathy*
Moderate risk
Most other congenital cardiac malformations (except
isolated secundum atrial septal defect)
Acquired valvular dysfunction†
Hypertrophic cardiomyopathy
Mitral-valve prolapse with valvular regurgitation and/or
thickened leaﬂets
*In the 2007 American Heart Association recommendations.6 †With echocardiographic
documentation of substantial leaﬂet pathology and regurgitation.
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Figure 1: Current concept of the limited role of antibiotic prophylaxis against
everyday versus procedures related bacteraemia
Adapted from reference 15.

common practice. However, a Cochrane review concluded
that there was little evidence to support the published
guidelines.10 A randomised controlled trial should be
implemented to assess the eﬀectiveness of prophylaxis
for infective endocarditis; however, the number of patients
necessary to enrol (more than 6000 patients per group),
has thus far discouraged any attempt. Furthermore, use
of a testing strategy that runs counter to current guidelines
would raise ethical and legal issues.11
In the context of habitual application of weakly
supported guidelines, several issues have been raised
over the past decade that challenge the principles
underlying prophylaxis recommendations and that
explain the general tendency observed in very recent years
to reduce prophylaxis indications.12 Transient repeated
bacteraemia from everyday life activities (eg, tooth
brushing, chewing, etc) might pose a greater risk for
infective endocarditis than intermittent bacteraemia after
occasional procedures.13,14 A theoretical study of cumulative
bacteraemia over 1 year postulated that everyday
bacteraemia is 6 million times greater than bacteraemia
from a single dental extraction (ﬁgure 1).14 However, the
concept of cumulative bacteraemia is only relevant if the
magnitude of everyday bacteraemia is above a theoretical
cut-oﬀ needed to seed cardiac valves and induce infective
endocarditis. This could explain why, of infective
endocarditis cases presented in large studies, only a small
number are preceded by a dental procedure (2·7–5% of
cases in epidemiological series).16–18 However, even in the
case of a close temporal relation between a dental
procedure and the development of infective endocarditis,
it is not possible to determine with certainty whether
bacteraemia that caused the condition was induced by the
procedure, was caused by the dental disease treated by the
procedure, or was the result of a daily activity. Therefore,
under the hypothesis of cumulative bacteraemia, the
number of cases of infective endocarditis preventable
through antibiotic prophylaxis given for occasional
invasive procedure is probably very low.14
The prevalence of PCCs for which prophylaxis is
generally recommended is much higher than previously
believed. Previously unknown PCCs detected with
226

systematic echocardiography have been estimated to exist
in 2·5% (95% CI 2·2–2·7) of the US general population.19
This prevalence reaches 13·3% (95% CI 11·7–15·0) in
individuals aged over 75 years. Prevalence of previously
known PCCs has been estimated to be 1·8% in the US
general population and 3·3% in the 25–84-year-old French
population.16,19 An estimate of at-risk dental procedures is
2·1 per patient per year in patients with PCC.16 Given that
the proportion of patients who are treated in accordance
with the prophylaxis recommendations is low (~40%), a
very large number of dental procedures are probably done
each year on at-risk patients without any prophylaxis
(so-called unprotected procedures).16,17,20,21
The risk of developing infective endocarditis in patients
with PCC after an unprotected at-risk dental procedure
seems to be extremely low. A French study estimated that
one in 10 700 adults with prosthetic valves and one in
54 300 adults with native-valve PCC developed infective
endocarditis as a result of such a procedure.16 The risks
reported in the USA are even lower (one in 114 000 adults
with prosthetic valves, and one in 142 000 adults with
rheumatic heart disease).22 Thus, a huge number of
prophylaxis doses would be necessary to prevent a very
small number of infective endocarditis cases.
This very low risk probably explains why case-control
studies did not identify a clear relation between the onset
of infective endocarditis and preceding at-risk dental
procedures. Van der Meer and colleagues17 published a
prospective study exploring the possibility of a causal
relation between dental procedures and infective
endocarditis, and assessed the eﬃcacy of antibiotic
prophylaxis to prevent infection in patients with native or
prosthetic cardiac valves. They concluded that dental or
other procedures probably caused only a small number
of infective endocarditis cases and that prophylaxis would
prevent only a small number of cases, even if it were
100% eﬀective. The same investigators also did a 2-year
case-control study.23 Because ﬁve of eight infective
endocarditis cases occurred despite prophylaxis, they
concluded that prophylaxis was not eﬀective.23
Strom and colleagues18 assessed dental prophylaxis and
cardiac risk factors in a case-control study. Controls
without infective endocarditis were more likely to have
undergone a dental procedure than were patients with
infective endocarditis (adjusted odds ratio [OR] 0·2 [95%
CI 0·04–0·7] over 3 months; p=0·03). They concluded
that dental procedures were not a risk factor, even in
patients with PCCs, and that only a few cases of infective
endocarditis could be prevented with prophylaxis, even if
it were 100% eﬀective.
In another case-control study, Lacassin and co-workers24
found that the mean number of procedures was
signiﬁcantly higher in cases than in controls (2·0 vs 1·5,
p<0·05). In their multivariate analysis, the only procedure
associated with a risk for infective endocarditis caused by
Streptococcus viridans was tooth scaling (OR 5·25;
p=0·025).24
http://infection.thelancet.com Vol 8 April 2008
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In a study by Imperiale and Horwitz,25 cases were eight
patients with high-risk lesions whose ﬁrst episode of
native-valve infective endocarditis occurred within 12 weeks
of a dental procedure. For each case, three controls were
chosen from patients who underwent echocardiographic
assessment, and who were matched for the speciﬁc
high-risk lesion and age. Antibiotic prophylaxis was used
in only one (13%) of the eight cases compared with 15 (63%)
of 24 controls (OR 0·09; p=0·025).25
The estimation of the beneﬁt of prophylaxis must be
weighed against the adverse eﬀects of prophylaxis and
the prognosis of the disease. Antibiotic prophylaxis is not
risk free. β-lactam exposes patients to the risk of
anaphylactic reaction (15–40 per 100 000 uses), which is
potentially fatal in 1–3 per 100 000 uses.26–29 Furthermore,
the widespread use of antibiotic therapy promotes the
emergence of resistant microorganisms most likely to
cause infective endocarditis, such as S viridans and
enterococci. However, the extent to which a single dose
of antibiotic prophylaxis could be implicated in the
selection of resistant microorganisms is unknown.
Infective endocarditis caused by oral microorganisms
(ie, streptococci) has the best prognosis, with a mortality
of 10% in the French epidemiological survey on infective
endocarditis, compared with 35% for Staphylococcus
aureus.1 From this mortality and the risk of developing
infective endocarditis (one in 54 300 unprotected oral
procedures) for patients with native-valve PCC, the risk
of death after an unprotected procedure in such patients
can be estimated at one in 543 000 patients. Thus, it
might be that prophylaxis with β-lactams could induce
more deaths than the infection itself would in patients
with native-valve PCC.
Several studies have estimated the cost-eﬀectiveness of
antibiotic prophylaxis and have found conﬂicting
results.30–32 Agha and colleagues30 estimated that
clarithromycin prophylaxis was cost eﬀective in patients
with moderate or high risk for infective endocarditis,
whereas amoxicillin and ampicillin prophylaxis resulted
in a loss of lives because of the occurrence of severe
adverse drug reactions.
As the eﬀectiveness of preventive antibiotic treatment
remains to be proven, recommendations originating
from diﬀerent countries diverge according to the patient
population to whom preventive antibiotic should be
administered.6,33–35 Additionally, diﬀerences in the
medicolegal context between diﬀerent countries also
inﬂuence recommendations and the way in which they
are followed. Given the high mortality of infective
endocarditis, fear of medicolegal consequences has been
shown to lead practitioners in some countries to overuse
prophylaxis compared with the use recommended in
current guidelines.36 Recommendations for prophylaxis
require the identiﬁcation of the highest risk situations:
those cardiac conditions at high risk for infective
endocarditis, and those procedures most likely to induce
bacteraemia and infective endocarditis.
http://infection.thelancet.com Vol 8 April 2008

Proportion of References
positive blood
cultures
Mastication
Toothbrushing or irrigation

17–51%

47–51

0–50%

47–51

Flossing

20–60%

47–51

Dental examination

17%

47–51

Dental polishing

24%

47,51–53

Intraligamentary local anaesthetic injection 97%

47,51–53

Matrix band placement

32%

47,51–53

Rubber dam placement

30%

47,51–53

Slow drill

12%

47,51–53

Fast drill

4%

47,51–53

Single dental extraction

18–94%

54–61

Multiple dental extraction

10–85%

54–61

Scaling

17–70%

60

Periodontal surgery

32–88%

60

Endodontic instrumentation

20–42%

Post-operative suture removal
Endodontic treatment

5%
42%

60,62
63
62,63

Table 1: Proportion of positive blood samples reported after various oral
procedures

Identiﬁcation of cardiac conditions at risk for
occurence or mortality from endocarditis
The risk of occurrence of infective endocarditis in any
given case of PCC is most often very indirectly estimated
by comparing the frequency of diﬀerent cardiac diseases
in patients with infective endocarditis to its estimated
frequency in the overall population.18 This risk can also
be estimated by monitoring cohorts of cardiac patients
and calculating the incidence of infective endocarditis
cases, thus determining the lifetime risk of acquisition of
infective endocarditis associated with a speciﬁc PCC.37–42
Choice of the threshold above which risk for infective
endocarditis can be considered too high is subjective.
Therefore, any attempt at classiﬁcation has only
informational value. According to this risk gradation,
patients with a history of infective endocarditis, a
mechanical or a biological prosthetic valve, or a surgically
constructed systemic or pulmonary shunt or conduit, are
the patients with the highest incidence of infective
endocarditis and are therefore considered at highest risk
of developing infective endocarditis during their lifetime.
This risk gradation is consensual.6,33–35
The prognosis of infective endocarditis occurring in a
given case of PCC must also be taken into account in the
choice of PCC to be covered. Patients with infective
endocarditis on prosthetic valves and those with a
previous history of infective endocarditis are generally at
higher risk of death than others. Other characteristics of
patients’ general health background have also been
associated with in-hospital death during infective
endocarditis: older age, diabetes mellitus (mainly
insulin-dependent diabetes mellitus), immunodeﬁciency,
dialysis, and hepatic insuﬃciency.43–46 In most
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recommendations, these considerations have led to the
identiﬁcation of patients at moderate and high risk of
infective endocarditis (panel). According to these
Recommended Prophylaxis for adults
drug
AHA (1972)64

Penicillin

600 000 units procaine penicillin G with 200 000 units
crystalline penicillin G IM 1 h before procedure and once
daily for 2 days after the procedure

AHA (1977)65

Penicillin

Aqueous crystalline penicillin G (1×10⁶ units IM) with
procaine penicillin G (600 000 units IM), 30 min to 1 h
before the procedure and then penicillin V 500 mg orally
every 6 h for two doses

BSAC (1982)66

Amoxicillin

3 g 1 h before procedure

AHA (1984)67

Penicillin V

2 g orally 30 min to 1 h before procedure; then 1 g 6 h
after initial dose

BSAC (1986)68,69

Amoxicillin

3 g 1 h before procedure

AHA (1990)70

Amoxicillin

3 g orally 1 h before procedure; then 1·5 mg 6 h after
initial dose

BSAC (1990)71

Amoxicillin

3 g 1 h before procedure

BSAC (1992)72,73

Amoxicillin

3 g 1 h before procedure

France (1992)74

Amoxicillin

3 g 1 h before procedure

European Infectious Diseases
Society consensus (1995)75

Amoxicillin

3 g 1 h before procedure

AHA (1997)8

Amoxicillin

2 g 1 h before procedure

New Zealand (1999)76

Amoxicillin

2 g 1 h before procedure; then 1 g 6 h after initial dose

Switzerland (2000)34

Amoxicillin

2·25 g (3×750 mg) 1 h before procedure then 750 mg
6 h after initial dose

France (2002)33

Amoxicillin

3 g or 2 g (if weight <60 kg) 1 h before procedure

European Society of Cardiology Amoxicillin
consensus (2004)77

2 g 1 h before procedure

BSAC (2006)35

Amoxicillin

3 g 1 h before procedure

AHA (2007)6

Amoxicillin

2 g 1 h before procedure

AHA=American Heart Association. BSAC=British Society for Antimicrobial Chemotherapy. IM=intramuscularly.

Table 2: Recommended prophylaxis guidelines (by year) for adults for dental procedures since 1972
(general use)
Procedures listed

Predisposing cardiac conditions*
High risk

Moderate risk

Prophylaxis
recommended

Prophylaxis optional

Dental procedures
French
(2002)33,78

Several dental procedures—eg, dental
extraction, scaling

BSAC
(2006)35

All dental procedures involving dento- Prophylaxis
gengival manipulation or endodontics recommended

Prophylaxis not
recommended

AHA
(2007)6

Any dental procedure that involves
manipulation of the oral mucosa

Prophylaxis not
recommended

Prophylaxis
recommended

Extra-dental procedures
French
(2002)33,78

Several procedures—eg, colonoscopy

Prophylaxis recommended Prophylaxis optional or not
or optional (depending on recommended (depending
the procedure)
on the procedure)

BSAC
(2006)35

Several procedures—eg, oesophageal
laser therapy

Prophylaxis
recommended

Prophylaxis
recommended

AHA
(2007)6

..

Prophylaxis not
recommended

Prophylaxis not
recommended

*See panel. BSAC=British Society of Antimicrobial Chemotherapy. AHA=American Heart Association.

Table 3: Comparison of recent guidelines that have reduced indications for prophylaxis of infective
endocarditis
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classiﬁcations, infective endocarditis prophylaxis involves
both groups or is limited to the patients at highest risk.
To date, only the 2002 French recommendations take into
consideration the patient’s health background in
modulating the indication of prophylaxis.33

Identiﬁcation of at-risk procedures
The identiﬁcation of at-risk procedures for infective
endocarditis include the consideration of diﬀerent
characteristics: (1) the number of identiﬁed
infective-endocarditis-inducing pathogens (inoculum)
colonising the area that could enter the bloodstream in
case of an invasive procedure; (2) the amount of the
bleeding induced by the procedure; (3) the proportion of
bacteria-positive blood cultures after a given procedure
(table 1); (4) the magnitude of bacteraemia after the
procedure; (5) the duration of the bacteraemia; and (6) the
number of reported cases of infective endocarditis after a
given procedure. However, there is wide variation in
reported frequencies of these characteristics after
procedures. For example, bacteraemia is noted in 10–95%
of patients after tooth extraction, which probably indicates
the heterogeneity of these procedures, of the host, and of
the experimental methods used (table 1).54–59 Because of
the disparity of these data, it is diﬃcult to clearly establish
criteria for deﬁning risk factors. A better knowledge of
the factors that predispose a patient to infective
endocarditis is necessary. Given the existence of
everyday-life cumulative bacteraemia, and despite the
high prevalence of PCC in the general population, the
incidence of infective endocarditis is astonishingly low.
Genetic host susceptibility that promotes attachment of
microorganisms to the valvular endothelium probably
exists; its identiﬁcation could allow better focusing of
prophylactic measures on the patients at highest risk.
Meanwhile, the proportion of patients with bacteraemia
after an at-risk procedure has been used as a surrogate
measure of the risk of infective endocarditis to identify
procedures requiring antibiotic prophylaxis. However,
bacteraemia does not respond to the prerequisite of a
pertinent (appropriate) surrogate measure. There is no
evidence-based method to decide which procedure
should require prophylaxis because no data show that
either the incidence, the magnitude, or the duration of
bacteraemia after a procedure increase the risk of
infective endocarditis. Thus, any attempt to identify the
procedures that need prophylaxis is artiﬁcial. However,
this identiﬁcation method has resulted in a detailed and
complex list of procedures for which prophylaxis is and is
not recommended.

Recent guidelines that suggest reduction in use
of prophylaxis
Table 2 and table 3 summarise and compare the current
and previous recommendations for the prophylaxis of
infective endocarditis. French guidelines that challenge
the accepted practice were published in 2002,33,78 and
http://infection.thelancet.com Vol 8 April 2008
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General preventive measures
Because of the limits of the data that support the current
guidelines and the uncertainties of the eﬀectiveness of
antibiotic prophylaxis, early recognition and treatment of
the source of infective endocarditis is essential. All at-risk
patients should be educated to seek medical advice in
case of fever or other symptoms, and for their physician
to understand the importance of assessing blood cultures
http://infection.thelancet.com Vol 8 April 2008

French*
2002

Number of procedures

proposed that prophylaxis should be restricted to “cases
that have the highest ratio of individual beneﬁt to individual
and collective risk” (ﬁgure 2).33 Prophylaxis is suggested for
many invasive dental, respiratory, gastrointestinal, and
genitourinary procedures in the high-risk PCC group, but
is optional in the moderate risk group (panel). The decision
to use prophylaxis became based on the subsequent risks
“from” infective endocarditis, by taking patients’ background characteristics into consideration, rather than on
the direct risk “of” infective endocarditis from the
procedure itself. Importantly, post-hoc prophylaxis may be
administered in the event of unanticipated procedural
complexity. Furthermore, limiting the number of patients
with PCCs who are candidates for prophylaxis could
improve overall adherence to prophylaxis among the most
critical patients.
In the 2006 British Society for Antimicrobial
Chemotherapy (BSAC) guidelines, prophylaxis is
suggested for “all dental procedures involving
dento-gengival manipulation or endodontics” only for
those patients with previous infective endocarditis, a
cardiac valve replacement, or a prosthetic systemic or
pulmonary shunt or conduit.35 Prophylaxis is extended to
all at-risk cardiac patients for extra-dental procedures.
The guidelines include a detailed list of gastrointestinal,
genitourinary, gynaecological, and respiratory procedures
for which prophylaxis is recommended, on the basis of
anecdotal associations and the risk of bacteraemia.35 This
recommendation and those previously proposed (and
diametrically opposed) by the UK and the European
cardiology societies have led to vigorous exchanges
between infectious diseases specialists, cardiologists, and
dentists.77,79–83
The most recent guidelines were established by the
American Heart Association (AHA) in 2007.6 These new
recommendations represent a radical change from the
previous ones: antibiotic prophylaxis is no longer
recommended before a dental procedure, except for
patients with the highest risk of adverse outcome
resulting from infective endocarditis (panel), and who
are due to undergo “any dental procedure that involves
manipulation of the oral mucosa”.6 Prophylaxis is thus
abandoned in patients at moderate cardiac risk of
infective endocarditis, such as those with a history of
aortic regurgitation or mitral regurgitation who undergo
a dental procedure (as in the BSAC recommendations),
but also in all cardiac at-risk patients before extra-oral
procedures (eg, colonoscopy), irrespective of their PCCs.

British†
2006

US‡
2007

Time

Figure 2: Diagrammatic representation of the number of procedures
recommended for prophylaxis: evolution of guidelines during recent years
Dark green columns indicate the regular increase in the recommended number
of procedures in the diﬀerent guidelines until 2002 (see table 2). *2002 French
guidelines.33 †2006 British Society for Antimicrobial Chemotherapy guidelines.35
‡2007 American Heart Association guidelines.6

Oral regimen Regimen for those unable to
(1 h before
take oral medication*
procedure)
Drugs for general use
Amoxicillin

2–3 g†

1–2 g IM or IV†‡

Ampicillin

..

1–2 g IM or IV†‡

Drugs for use in patients with allergy to penicillin
Clindamycin

600 mg

300–600 mg IV

Azithromycin§

500 mg

..

Clarithromycin§

500 mg

..

Cephalexin¶

2g

..

Cefazolin¶

..

1 g IM or IV

Vancomycin||

..

1 g (slow IV infusion over 1–2 h)

Teicoplanin||

..

400 mg IV or IM

*Or who are unable to take other oral ﬁrst or second generation cephalosporin;
cephalosporins should not be used in individuals with immediate-type
hypersensitivity reaction to penicillins. †Additional dose 6 h later (Switzerland).
‡1 g orally 6 h later in some guidelines (France). §Not recommended in French
guidelines. ¶Just before the procedure or at induction of anaesthesia. ||Not
recommended in US guidelines. IM=intramuscularly. IV=intravenously.

Table 4: Commonly recommended antibiotics for dental procedures in
adults6,33–35,78

before any antibiotic administration. The patient should
then remain under medical supervision until a diagnosis
of infective endocarditis is excluded. Furthermore,
patients and physicians should be informed that all
localised infections, whatever the site, particularly those
caused by Staphylococcus and Streptococcus spp, represent
a potential portal of entry for infective endocarditis in
at-risk cardiac patients and should be treated accordingly.
Health practitioners should be instructed to limit
catheters in both frequency and duration in at-risk cardiac
patients.84 To improve the identiﬁcation of at-risk patients
and to increase the proportion of those following the
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Search strategy and selection criteria
Data for this Review were identiﬁed by research on Medline,
Current Contents, and references from relevant articles.
Search terms used were “endocarditis”, “prophylaxis”,
“procedures”, “risk factors”, and “bacteremia”. All English and
French papers published since 1992 were assessed for
potential inclusion in this review. Papers were ﬁrst selected
based on the abstract analysis. Then, only papers bringing
new data or understanding on infective endocarditis
pathophysiology or prophylaxis were kept for this Review.

prophylactic recommendations, the use of infective
endocarditis preventive cards have been proposed in
several countries.
Because of the frequency of everyday bacteraemia and
its postulated primary role in infective endocarditis, the
main preventive strategy is to limit spontaneous
bacteraemia (through chewing, brushing) by reducing
the global oral burden of bacteraemia via improved oral
hygiene. This strategy requires regular systematic dental
check-ups of at least twice a year in high-risk patients.
The beneﬁts and risks of silver-coated prosthetic valves,
which were developed to decrease the rate of infection,
were assessed in a clinical trial (AVERT study) because of
the high risk of infective endocarditis in patients with
prosthetic valves.85 This trial was prematurely suspended
because of the occurrence of major paravalvular leakage
in patients receiving silver-coated valves.86

Antibiotic choice and route of administration
Antibiotics should act on the primary bacteraemia
responsible for infective endocarditis: oral streptococci
for dental procedures, and enterococcus and group D
streptococci for digestive or urinary-tract procedures. The
main antibiotics to have proved eﬀective in experimental
models are amoxicillin, vancomycin, teicoplanin,
clindamycin,
synergistins,
azithromycin,
and
clarithromycin.
When antibiotic prophylaxis is recommended before
dental and upper respiratory procedures, amoxicillin is
used in most countries, at doses varying from 2 g to 3 g
(table 2 and table 4). For patients allergic to β-lactams,
clindamycin or a glycopeptide are substituted;
azithromycin or clarithromycin are recommended in
some guidelines.6,34,35 For dental procedures, antibiotic
prophylaxis is generally administered as a single dose in
the hour before the procedure. Streptococci or enterococci
originating from the digestive and urinary tract are less
susceptible to antibiotics, and therefore the use of an
ampicillin–gentamicin or glycopeptide–aminoglycoside
synergistic combination is preferable.
The possible association between gastrointestinal and
genitourinary procedures and infective endocarditis has
not been studied as extensively as has the possible
association with dental procedures. The determination of
those requiring antibiotic prophylaxis is currently based
230

on the risk of a procedure causing a bacteraemia and
whether such a procedure has been anecdotally linked to
cases of infective endocarditis. Current guidelines
determine the procedure for which prophylaxis is or is
not recommended based on assessment of the risks. For
general intravenous prophylaxis just before the procedure
or at induction of anaesthesia, 1–2 g amoxicillin or
ampicillin plus 1·5 mg/kg gentamicin is recommended,
with an additional 1 g amoxicillin or ampicillin given
orally 6 h later in some guidelines (ie, France).33,35 Patients
who are allergic to penicillin are recommended to receive
400 mg teicoplanin or 1 g vancomycin (at more than
60 min), plus 1·5 mg/kg gentamicin.33,35 However,
prophylaxis is no longer recommended before extra-dental
procedures in the 2007 AHA guidelines.6
In patients who are due to undergo cardiac surgery, a
careful preoperative dental assessment is recommended
and dental treatment given before surgery whenever
possible. Preoperative antibiotic prophylaxis is
recommended and should be eﬀective against
microorganisms responsible for early post-operative
infective endocarditis (ie, S aureus and coagulase-negative
staphylococci). The choice of antibiotic should be
determined based on the susceptibility of these
microorganisms to antimicrobials in the institution
where surgery is done.

Conclusions
To date, there is no evidence for the eﬃcacy and the
lack of adverse eﬀects of prophylactic strategies for
infective endocarditis. The current tendency is to limit
prophylaxis to the procedures and populations with the
highest risks. This process culminated with the 2007
AHA guidelines that limit infective endocarditis
prophylaxis to the highest risk cardiac patients who are
due to undergo dental procedures. Energy should be
focused on the population with the highest risk to
improve the adherence rate to prophylaxis
recommendations. In all patients, oral and general
hygiene should be reinforced, and regular preventive
dental check-ups done. In case of fever, infective
endocarditis should be excluded before prescribing
antimicrobials. Patients should be educated about this
point, and the reasons leading to the modiﬁcation of
the infective endocarditis prophylactic strategy
explained. The strategy of targeting indications might
be improved by a better analysis of factors associated
with an increased risk of death from infective
endocarditis or an increased risk of infective endocarditis from certain medico-surgical conditions,
including staphylococcus bacteraemia. Epidemiological
surveys must be done to monitor the potential
consequences of guideline modiﬁcations on the proﬁle
of infective endocarditis epidemiology (ie, incidence
and type of microorganisms).
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ABSTRACT
The 20th century witnessed amazing advances in the diagnosis and treatment of valvular heart disease. The
advances and our hopes for future progress are described.
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“How can you understand the world if you don’t know what
happened in it?”
—John W. Kirklin, MD1
Since the turn of the 20th century, extraordinary advances have been made in the diagnosis and treatment of
valvular heart disease. Some of the major achievements
underlying these advances have received due recognition
(Table 1).2 Breakthroughs in medicine are a culmination of
small advances3 in valvular heart disease. Different small
advances occurred in both halves of the century (Tables
2 and 3).

the Medical Research Council, he advocated prospective
follow-up studies, or “after-histories,” of patients. These
after-histories5 were the predecessors of databases and registries in use today.
According to Feinstein,6 the first randomized controlled
study in scientific literature was reported in agricultural
experiments carried out by T. Eden in 1923 on the effect of
manure on potato crops. The first randomized clinical trial
in valvular heart disease began in 1954.7 The 5-year results
are shown in Table 4.8

Rheumatic Fever and Carditis
THE FIRST HALF OF THE LAST CENTURY
Setting the Stage
During World War I, Lewis,4 charged with the care of
combatants with heart disease, noted the inadequate understanding of cardiac disease and its prognosis. In a report to
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In the first half of the 20th century, rheumatic heart disease
was a major problem; for example, in Britain, rheumatic
heart disease accounted for 20% of all heart disease and
10,000 deaths annually.9
The observations that led to the conquering of this
scourge merit a brief review.10 From an epidemiologic survey, Newsholme11 correctly deduced that an active infective
agent and conditions of environmental and personal factors
were required for the development of rheumatic fever.
Aschoff described the specific rheumatic lesion (Aschoff
body).10 In the late 1920s, Griffith and Lancefield identified
Group A hemolytic streptococcus as the causative organism.10 Centers were established in New York, Boston, and
London for the long-term care of these patients. In 1944,
Jones12 published his seminal work on the diagnosis of rheumatic fever. In Denmark, improvements in socioeconomic
conditions and housing dramatically reduced the incidence
of rheumatic fever before the antibiotic era (Figure 1).10
Rheumatic carditis and valve disease have been virtually
eliminated from developed countries, similar to the virtual
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Coronary Arteriography. Sones and colleagues22 obtained
a selective coronary arteriogram by inadvertently engaging
the right coronary artery during an aortogram. Subsequently, coronary arteriography became routine in clinical
THE SECOND HALF OF THE TWENTIETH CENTURY
practice but required arterial cutdown. The development of
a percutaneous arterial access
Patient Assessment
technique by Seldinger16 and of
Pressure Measurement. Efforts
preformed catheters by Judkins23
to quantify the severity of valvular
CLINICAL SIGNIFICANCE
made coronary arteriography feaheart disease began in 1945 with
sible for widespread use. The data
● The diagnosis and assessment of the seattempts to measure intracardiac
obtained by catheterization, venpressures. In landmark studies,
verity of valve stenosis and regurgitation
13
tricular and aortic angiography,
Hellems et al and Lagerlöf and
are at an advanced level of accuracy.
14
and selective coronary arteriograWerkö documented that pres● Interventional therapy in patients with
phy are the foundation for evalusures recorded with a cardiac cathevalvular
heart
disease
results
in
an
imation of valvular heart disease.
ter wedged into the distal pulmonary
provement
of
symptoms,
functional
class,
artery reflected left atrial pressure.
Doppler Echocardiography and
left ventricular function, and pulmonary
Ross15 developed the transseptal
Ultrasonography. Edler and
hypertension. Survival is improved in
approach to the left ventricle. PerHertz,24 using ultrasonography,
cutaneous transthoracic puncture
many patients.
first recorded the movement of
of the left ventricle was used to
● All patients should be considered potencardiac structures in 1953. Early
measure left ventricular pressure in
tial candidates for interventional therapy
M-mode echocardiography was
aortic stenosis. Subsequently, the
and should undergo appropriate clinical
effective in the diagnosis of mitral
Seldinger16 technique for percutaevaluation and diagnostic testing.
stenosis; 2-dimensional echocarneous entry into a systemic artery
diography allowed for real-time
revolutionized retrograde access
visual morphologic evaluation of
to the ascending aorta and left
cardiac structure and function. Suventricle.
perimposition of Doppler by Hatle and colleagues25 allowed
for indirect hemodynamic measurement. Transesophageal
Valve Area Calculations. By comparing hydraulic systems
echocardiography increased the clarity and accuracy of a
and cardiac physiology, Gorlin and Gorlin17 derived the
number of valvular heart diseases.
following formula for calculating mitral and aortic valve
areas:
Echocardiography/Doppler permitted the rapid initial assessment of patients with mild, moderate, or severe valvular
CO/HR ⫻ DFP
heart disease. It also was of great value not only in diagmitral valve area ⫽
nosing unsuspected lesions but also in excluding disease.
37'.9'兹gradient
Along with the chest x-ray and the electrocardiogram, echoCO/HR ⫻ SEP'
cardiography/Doppler has become an essential component
aortic valve area ⫽
of the clinical evaluation of patients with valvular heart
44'.3'兹gradient'
disease. Computed tomography, electron beam computed
where CO ⫽ cardiac output, HR ⫽ heart rate, DFP ⫽
tomography, and cardiac magnetic resonance imaging have
diastolic filling period, and SEP ⫽ systolic ejection period.
not been proven superior to echocardiography/Doppler for
this purpose.
Angiography. The first angiocardiogram in humans was
18
performed by Castellanos and colleagues. Aortography
INDIVIDUAL LESIONS
and left ventricular angiography were essential to assessing
aortic and mitral regurgitation. Dodge and colleagues19 acMitral Stenosis
curately calculated the left ventricular volumes and ejection
In 1954, the outstanding clinical cardiologist and scholar
fraction from left ventricular angiograms using Arvidsson’s
Paul Wood26 described the clinical features, pathophysioltechnique.
ogy, complications, and outcomes of mitral stenosis. He
documented that, on average, the symptoms of mitral steNormal Values. Values for right-sided heart pressures, pulnosis began 19 years after rheumatic carditis.
monary artery wedge pressure, and cardiac output were
As early as the 1920s, but mainly in the early 1950s,
documented in healthy volunteers.20 Another study in
mitral commissurotomy was performed by manual dilatahealthy subjects documented right and left-sided heart prestion (“finger fracture”).27 Later in the 1950s, the results
sures and left ventricular volumes and ejection fraction.21
were improved by using the Tubbs’ dilator, which is introThe normal cardiac index was found to be 3.6 ⫾ 0.9
duced from the left ventricular apex. Both of these proceL/min/m2.
elimination of smallpox and poliomyelitis in the world by
vaccines.
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dures were “blind” (closed). When performed by a skilled,
experienced surgeon on an appropriate patient, closed mitral
commissurotomy had an excellent outcome; the survival
was better than that of medical therapy (Figure 2),28 and the
24-year survival was 84%.27 The next development was
“open” mitral commissurotomy, which incorporated extracorporeal circulation. However, in skilled surgical hands,
the results of closed and open mitral commissurotomies
were similar.29 In the early 1960s, mitral valve replacement
provided excellent results for those patients who were poor
candidates for surgical commissurotomy.30
The 1980s ushered in the era of catheter balloon commissurotomy; the double balloon technique was followed by
the Inoue balloon (Toray Medical Co, Ltd), which is still in
current use. In randomized trials, catheter balloon commissurotomy yielded outcomes at least as good as those obtained from closed or open surgical commissurotomy.31
All 3 procedures yield the best results for mobile and

Table 1 Nobel Prize and Lasker Award-winning
Achievements Relevant to Valvular Heart Disease
Wilhelm Conrad Röntgen The Nobel Prize in Physics 1901
“In recognition of the extraordinary
services he has rendered by the
discovery of the remarkable rays
subsequently named after him”
Alexis Carrel
The Nobel Prize in Physiology or
Medicine 1912
“In recognition of his work on
vascular suture and the
transplantation of blood vessels
and organs”
Willem Einthoven
The Nobel Prize in Physiology or
Medicine 1924
“For his discovery of the mechanism
of the electrocardiogram”
Gerhard Domagk
The Nobel Prize in Physiology or
Medicine 1939
“for the discovery of the antibacterial
effects of prontosil”*
Sir Alexander Fleming,
The Nobel Prize in Physiology or
Ernst Boris Chain, Sir
Medicine 1945
Howard Walter Florey
“for the discovery of penicillin and its
curative effect in various infectious
diseases”
The Nobel Prize in Physiology or
André Frédéric
Medicine 1956
Cournand, Werner
Forssmann, Dickinson W. “for their discoveries concerning
heart catheterization and
Richards
pathological changes in the
circulatory system”
Albert Starr, Alain
Albert Lasker Clinical Research Award
Carpentier
2007
“Surgeon-scientists who
revolutionized the treatment of
heart disease”
*Protonsil was the first synthetic drug used for treatment of general
bacterial infections in humans.
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Table 2

Procedural Advances in Valvular Heart Disease

Discoveries by 6 Nobel Laureates who have had an impact on
valvular heart disease
Identification of the infecting organism of rheumatic fever
Establishment of databases
Performance of randomized clinical trials
Measurement of intracardiac pressures and calculation of valve
areas
Left ventricular angiography, aortography, coronary
arteriography
Echocardiography/Doppler
Total cardiopulmonary bypass for intracardiac surgery
Cardiac Surgery:
Commissurotomy
Prosthetic heart valves
Valve repair
Robotic surgery
Coronary artery bypass graft surgery
Percutaneous catheter intervention for coronary artery
disease
Catheter balloon commissurotomy

Table 3

Accomplishments in Valvular Heart Disease

Virtual elimination of rheumatic valve disease in developed
countries
Reduction of rheumatic fever, rheumatic fever recurrences, and
rheumatic valve disease in developing countries
Recognition of drug-induced valve disease
More accurate diagnosis of valve disease and assessment of
their severity
Significantly better assessment of severity of valve diseases
Definition of valvular abnormality/pathology
Correction of valve abnormality/pathology
Relief of mitral stenosis by percutaneous catheter technique
Appropriate selection of valve replacement device and procedure
resulting in improvement of symptoms, functional status,
left ventricular function, pulmonary hypertension, and
survival

Table 4

Recurrence of Rheumatic Fever*

Benzathine penicillin, 1.2 million
(intramuscular) every 4 wk
Oral penicillin G, 200,000 U once daily
Sulfadiazine, 1 g/d

Per
Year, %

Compliance
Rate, %

0.4

94

5.5
2.8

50
50

*Data from Alban B, Epstein JA, Feinstein AR. Rheumatic fever in
children and adolescents: a long-term epidemiologic study of subsequent
prophylaxis, streptococcal infection and clinical sequelae. Ann Intern
Med. 1964;60(Suppl 5):1-129.
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Reported Rheumatic Fever, Denmark, 1862-1962
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Figure 1 Incidence of rheumatic fever in Denmark from 1862
to 1962. From the Public Health Board of Denmark, Copenhagen, Denmark. This is a log scale; from 1860 to 1945 morbidity
decreased by approximately 75%. The time when penicillin was
available for clinical use (arrow). Adapted from Stollerman GH.
Rheumatic Fever and Streptococcal Infections. New York:
Grune & Stratton, Inc. 1975;21-146.

nonthickened or mildly thickened valves. Catheter balloon commissurotomy is now the first-line treatment for
mitral stenosis.30

Aortic Regurgitation
Most patients described in the after-histories of Lewis4 had
chronic aortic regurgitation. There were 3 eras.32 The era of
syphilis: The data are largely from the preantibiotic era;
syphilitic cardiovascular disease is now rare. The era of rheu-

MITRAL STENOSIS
(Functional Class II)

matic fever and carditis: On average, symptoms of aortic regurgitation began 20 years after the occurrence of carditis.
The incidence of death, angina, or heart failure was 87% at
6 years in the high-risk group and 8% at 15 years in the
low-risk group.32 In the current era, aortic regurgitation is
usually the result of aortic root dilation with echocardiography/Doppler used to study the natural history.31 Of
asymptomatic patients with normal left ventricular ejection
fraction, approximately 3% to 6% per year become symptomatic or progress to left ventricular dysfunction; more than one
quarter of patients with left ventricular dysfunction become
symptomatic per year; and the mortality for symptomatic
patients is more than 10% per year. In addition, echocardiographic data for left ventricular dimensions show that an
end-diastolic dimension of ⱖ70 mm (ⱖ35 mm/m2) or an
end-systolic dimension of ⱖ50 mm (ⱖ25 mm/m2) increases
the chance that a patient will become symptomatic or develop left ventricular dysfunction.31 Left ventricular dysfunction precedes the development of symptoms in more
than half of asymptomatic patients.31,33
Arteriolar dilators were shown to have beneficial effects
on hemodynamics and left ventricular size during 1 year of
follow-up. These data set the stage for a randomized trial
documenting that long-acting nifedipine reduced or delayed the need for aortic valve replacement in asymptomatic patients with normal left ventricular ejection
fraction (Figure 3).33 In all symptomatic patients, aortic
valve replacement was shown to have beneficial effects on
symptoms, as well as left ventricular size and function, even
when baseline left ventricular systolic function was abnormal;34 minimally symptomatic and asymptomatic patients
with mild left ventricular dysfunction have the best outcomes from the procedure.35

MITRAL STENOSIS
(Functional Class III & IV)

Figure 2 Closed mitral commissurotomy is associated with better survival than medical
therapy in patients with severe mitral stenosis who were mildly symptomatic (left) and
severely symptomatic (right). Adapted from Roy SB, Gopinath N. Mitral stenosis. Circulation. 1968;38(suppl V):68-76.
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Figure 3 Long-acting nifedipine administered twice daily results in a lower incidence of the need for aortic valve replacement in asymptomatic patients with chronic severe aortic regurgitation and normal left ventricular ejection fraction. From
Scognamiglio R, Rahimtoola SH, Fasoli G, et al. Nifedipine in
asymptomatic patients with severe aortic regurgitation and normal left ventricular function. N Engl J Med. 1994;331:689-695.
PTS ⫽ patients; AR ⫽ aortic regurgitation; LV ⫽ left ventricular.

Aortic Stenosis
Most cases of severe aortic stenosis currently seen in developed countries are calcific (so-called degenerative) and

occur in older patients. Atherosclerosis and inflammation
are important factors in the complex cause of calcific aortic
stenosis.36,37 The life expectancy of patients has markedly
increased; calcific aortic stenosis is now the most common
reason for valve replacement.
In 1968, an analysis of autopsy data showed a 3-year
average life expectancy for symptomatic patients with severe aortic stenosis.38 Twenty years later, a follow-up study
after cardiac catheterization confirmed the short life expectancy.39 In both studies, life expectancy after the onset of
heart failure was only 1 to 2 years.
In the 1970s, the importance of correcting aortic valve
areas for body size was recognized.40 Severe aortic stenosis
was diagnosed as aortic valve areas of 1.0 cm2 or less (ⱕ0.6
cm2/m2);41 more recently, severe aortic stenosis was defined
as an aortic valve area of 0.7 cm2 or less (ⱕ0.4 cm2/m2). A
mean aortic valve gradient of 50 mm Hg or more is usually
a reliable indicator of severe aortic stenosis.42
In symptomatic patients with severe aortic stenosis, aortic valve replacement has a beneficial effect on symptoms,
left ventricular function, left ventricular hypertrophy, and
survival (Figure 4).39,43 It also markedly improves symptoms in patients with severe aortic stenosis and clinical heart
failure; if patients have no history of myocardial infarction
and the procedure is performed early, the left ventricular
ejection fraction normalizes in one half to two thirds of
patients (Figure 5).44 These positive outcomes also occur in
patients with aortic stenosis, low aortic valve gradients, and

operated

operated

non-operated
nonnon-operated

A

B

Figure 4 Survival is better after aortic valve replacement (operated) than with medical
therapy (non-operated) in patients with severe aortic stenosis. A: Adapted from Schwarz F,
Banmann P, Manthey J, et al. The effect of aortic valve replacement on survival. Circulation. 1982;66:1105-1110. B: Adapted from Horstkotte D, Loogen F. The natural history
of aortic valve stenosis. Eur Heart J. 1988;9(suppl E):57-64.
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AVR FOR AS IN HEART FAILURE
1.0
0.9

mean ± SE

EJECTION FRACTION

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

P<0.001

0
Pre-Op

Post-Op

Peri-Op MI and late CHB
Post-Op: Perivalvular Aortic Regurgitation

Figure 5 Left ventricular ejection fraction improves and even
normalizes after aortic valve replacement in approximately two
thirds of patients with severe aortic stenosis and clinical heart
failure. Adapted from Smith N, McAnulty JH, Rahimtoola SH.
Severe aortic stenosis with impaired left ventricular function
and clinical heart failure. Results of valve replacement. Circulation. 1978;58:255-264. AVR ⫽ aortic valve replacement; SE
⫽ standard error; MI ⫽ myocardial infarction; CHB ⫽ complete heart block.

severe left ventricular dysfunction if they have severe aortic
stenosis.45

Mitral Regurgitation
In the early 1900s, mitral regurgitation was the most
commonly diagnosed valve lesion. At that time, physicians were strongly discouraged from overdiagnosing
organic mitral regurgitation, thus saving healthy subjects
from invalidism.9
Mackenzie46 was well aware of the spectrum of the
clinical aspects of mitral regurgitation, writing, “The really
serious trouble in connexion with mitral regurgitation arises
when the muscle is impaired and the regurgitation is due to

a complication of the dilated orifice and diseased valve. The
subsequent results depend on the degree of the exhaustion
of the muscle of the heart. The backward pressure resulting
from the regurgitation embarrasses the left auricle, pulmonary circulation, and right heart.” These observations, made
in 1908, are valid even now.
The incidence of mitral regurgitation in patients with
rheumatic valve disease was documented to be 34%.9 In
the late 1950s, ruptured chordae tendineae were recognized as the cause of acute mitral regurgitation. At the
1958 Goulstonian Lecture, Leatham47 gave his classic
presentation on auscultation of the heart. However, he
thought that late systolic sounds were pericardial/pleural
in origin and that the accompanying murmur was
“innocent” (Figure 16 in his article).47 Also in 1958,
McKusick48 wrote a treatise on cardiovascular sounds,
describing in considerable detail a “musical pleural pericardial murmur” often preceded by a click. He noted that
this sound had been described earlier, first in 1843 in
patients with valves later determined at autopsy to be
“normal,” and then in 1880 by Osler.48
In 1963, on the basis of autopsy findings, Barlow and
colleagues49 described mitral valve prolapse as a cause of
these sounds. Subsequently, mitral valve prolapse was
diagnosed clinically by left ventricular angiography.
Echocardiography/Doppler represented a major advance
that not only provided evidence of the causes of mitral
regurgitation, including mitral valve prolapse, and the
pathophysiologic changes associated with mitral regurgitation, but also showed that mitral valve prolapse is
common and the most common cause of ruptured chordae
tendineae, which became known as “flail leaflets.” Mitral
regurgitation also can be caused by coronary artery disease because of its effect on the left ventricle. Recently,
some drugs also have been shown to cause valvular
regurgitation.50
Symptomatic patients with severe mitral regurgitation
benefited from mitral valve replacement or repair. In asymptomatic patients, mitral valve replacement or repair can be
deferred until the onset of symptoms or evidence of left
ventricular dysfunction, pulmonary hypertension, or atrial
fibrillation.51

Tricuspid Valve Disease
In 1908 Mackenzie46 observed, “Although actual disease
of the valves is rare, incompetence of the tricuspid orifice
is extremely common . . . It should never be concluded
that no tricuspid regurgitation occurs because of the absence of a murmur . . . A weak muscular wall and wide
orifice may give rise to no murmur.” These observations
remain relevant even today, and good methods for repairing or replacing tricuspid valves are still lacking. There is
a great need for improvements in surgical techniques,
replacement valves, and assessment of patients for
surgery.
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Figure 6 Survival (left) and event-free survival (right) after aortic valve replacement with Starr-Edwards valve (Carpentier-Edwards,
Irvine, Calif) and St Jude valve (St Jude Medical Inc, St Paul, Minn). Data with mitral valve replacement were similar. Adapted with
permission from Murday AJ, Hochstizky A, Mansfield J, et al. A prospective controlled trial of St. Jude versus Starr Edwards aortic and
mitral valve prostheses. Ann Thorac Surg. 203;76:66-74.

SURGERY
Open Heart Surgery
In 1954, John Gibbon Jr52 described the use of total cardiopulmonary bypass for intracardiac surgery. This had an
enormous impact on valve surgery and completely changed
its performance. Valve surgery has been the most important
advance in the treatment of symptomatic patients with severe valve disease. Valve surgery markedly improves functional class, hemodynamics, and left ventricular function. It
also has improved survival in patients with severe aortic or
mitral valve stenosis (Figures 2 and 4), and probably has
improved survival in symptomatic patients with severe aortic or mitral regurgitation.

Valve Replacement
Prosthetic heart valves are mechanical or biological. Biological valves can be derived from patient tissues (autografts) or donor tissues (allografts, called homografts), or
can be valves taken from another species (xenografts, called
“bioprosthesis”).
Mechanical prosthetic heart valves were used in 1960 by
Harken and Starr. It was the initial results obtained by Starr
and Edwards53,54 that changed the scene. Of Starr and
Edwards’ first 8 patients, all of whom were in advanced
heart failure, 6 survived to leave the hospital and several

resumed an active life; 1 patient is known to have survived
another 31 years. This epochal event was followed in 1963
and 1964 by an astounding surgical accomplishment demonstrating that valve replacement could be “safe.” McGoon
et al55 replaced native aortic valves with Starr-Edwards
valves (Edwards Life Sciences, Irvine, Calif) in 100 consecutive patients, most of whom were in severe heart failure, and all of the patients survived. Since 1960, Starr and
colleagues have used the Starr-Edwards valve in 3653 patients, 1 of whom survived 41 years.56 After improvements
to the original model in 1965, the Starr-Edwards valve has
remained virtually unchanged, and no structural valve deterioration has yet been observed. A randomized trial has
shown that Starr-Edwards and newer St Jude (St Jude Medical Inc, St Paul, Minn) valves yield equally favorable
outcomes up to 8 years of follow-up (Figure 6).57
Xenografts (heterografts) were first used in 1965 by
Carpentier et al,58 who coined the term “bioprosthesis.”59
Ross60 used autografts in 1967.
Procedures involving stentless bioprostheses, homografts,
or the “Ross principle” require aortic root replacement with
reimplantation of coronary arteries, which poses a problem
if reoperation is needed. Furthermore, data from more
than 400,000 patients from the Society of Thoracic Surgery database have shown that the operative mortality for
these procedures is approximately twice that for stented
bioprosthesis.61
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The 2 largest randomized trials, the Edinburgh Heart
Valve trial62 and the Veterans Administration trial,63 compared a mechanical valve (original Delron-ring BjorkShiley valve [Shiley Labs, Irvine, Calif]) with a porcine
bioprosthesis (Figures 7 and 8). The findings were similar:
There was no significant difference in survival over 20
years with 1 exception (discussed below); there were no
significant differences in thromboembolism, infective endocarditis, or all-cause complications; the mechanical
valves did not deteriorate, but they had a higher rate of
bleeding; and the bioprosthetic valves deteriorated at an
increasing rate. Only the Veterans Administration trial, in
which a larger number of patients underwent aortic valve
replacement, showed a higher mortality for the porcine
valve because of structural deterioration; however, no
deterioration was observed in patients who were at least
65 years old at the time of valve replacement.
The current choice is usually a mechanical valve or
stented bioprosthesis.64 The choice between the 2 types of
prosthetic heart valves is a choice between which complication is a greater problem for an individual patient and to
be avoided: anticoagulants and its complications with a
mechanical valve or the structural valve deterioration and its
complications with the use of a bioprosthesis. Patients undergoing aortic valve replacement who are at least 60 to 65
years of age should receive a bioprosthesis. Current data
indicate that the Carpentier-Edwards pericardial valve has a
lower rate of structural deterioration than a porcine prosthetic heart valve.64 In the Veterans Administration trial,
only 40% to 50% of the deaths after valve replacement
were related to the prosthetic valve, confirming that sur-

Patients surviving with
original prosthesis intact (%)

100

Figure 8 Department of Veterans Affairs trial of valvular
heart disease. Fifteen-year survival after aortic valve replacement is better with a mechanical valve than with a bioprosthetic
porcine valve because of structural valve deterioration of the
porcine bioprosthetic valve. With permission from Hammermeister KE, Sethi GK, Henderson WG, et al. Outcomes 15 years
after valve replacement with a mechanical versus a bioprosthetic
valve: final report of the VA randomized trial. J Am Coll Cardiol. 2000;36:1152-1158. DVA ⫽ developmental venous anomaly; VHD ⫽ valvular heart disease; AVR ⫽ aortic valve
replacement.

vival after valve replacement depends largely on patientrelated factors.63,65
All prosthetic heart valves are smaller in area than the
native human valve and thus have the problem of valve
prosthesis–patient mismatch.40 After aortic valve replacement, severe mismatch (valve area ⱕ 0.6 cm2/m2) is associated with significant morbidity and increased mortality.64

Valve Repair
80

Aortic Valve. Aortic valve repair is performed most often
for congenital aortic stenosis with mobile, noncalcified aortic valves. Many of these valves are suitable for catheter
balloon commissurotomy. Repair also is performed in selected patients with severe aortic regurgitation.
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Figure 7 Survival with original valve after aortic valve replacement and mitral valve replacement in the Edinburgh Heart
Valve trial. Adapted from Oxenham H, Bloomfield P, Wheatley
DJ, et al. Twenty year comparison of a Bjork-Shiley mechanical
heart valve with porcine bioprostheses. Heart. 2003;89:715-721.
AVR ⫽ aortic valve replacement; MVR ⫽ mitral valve
replacement.

Mitral Valve. After Lillehei performed mitral valve repair
to treat mitral regurgitation in 1957,65 many more surgeons,
including McGoon and Kay, advocated and practiced the
procedure. It became even more popular in the 1970s, with
the elegant repair methods of Carpentier and Duran,65 and
again after 1983, when Carpentier66 described his sophisticated “French correction.” A major advantage to mitral
valve repair, as opposed to replacement, is that it circumvents both the complications of prosthetic valves and the
need for anticoagulation therapy associated with mechanical
prosthetics.
Valve Surgery and Coronary Artery Disease. A combination of valve surgery and coronary artery bypass graft
surgery is the routine procedure in these patients.
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Table 5 Some Desirable Progress in the Future of Valvular
Heart Disease
Elimination, or at least marked reduction, of rheumatic heart
disease in developing countries
Better knowledge of the development and growth of native
valves, including the role of genetics and other factors
More accurate and complete knowledge of the causes of valve
disease
Better assessment of severity of valve stenosis
More accurate measured quantitative assessment of valve
regurgitation
More precise and accurate documentation of the natural history
of all asymptomatic patients with severe, moderate, and mild
valve disease
Better therapeutic options:
Pharmacologic agents for primary and secondary prevention
Optimal timing of invasive procedures
Better PHV, including tissue-engineered (including stem cell)
PHV
Percutaneous therapeutic procedures
Better therapeutic options for tricuspid valve disease
Hybrid procedures (valve replacement ⫹ CABG/PCI), performed
in a combined catheterization laboratory ⫹ operating room
Early diagnosis and treatment of emergencies in valvular heart
disease
PHV ⫽ prosthetic heart valve; CABG ⫽ coronary bypass graft surgery;
PCI ⫽ percutaneous catheter intervention.

FUTURE DIRECTIONS
Our hopes for further advancements in valvular heart disease are summarized in Table 5.
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Introduction

C

hronic rheumatic valvular heart disease is the longterm result of recurrent acute rheumatic fever. It
is a disease of poverty and disadvantage. In Australia
the burden of rheumatic heart disease is conﬁned almost
exclusively to our Indigenous population. The continuing
high burden of rheumatic heart disease contrasts greatly
with the virtual elimination of this problem from the
non-Indigenous population. Australian Aboriginal and
Torres Strait Islander people have the distinction of having the highest per capita incidence of rheumatic fever and
rheumatic heart disease in the world.
This unacceptable situation prompted the National
Heart Foundation of Australia and the Cardiac Society
of Australia and New Zealand to sponsor the preparation of the ﬁrst review of the diagnosis and management
of chronic rheumatic heart disease for Australia. The
diagnosis and management of chronic rheumatic valvular heart disease in the Indigenous population presents
many unique challenges compared to the non-Indigenous
population. For example: (1) A large number of Aboriginal and Torres Strait Islander people live in communities
in rural and remote regions of central and northern
Australia, which are at some distance from specialist ser-
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vices and major hospitals. (2) Follow-up care often poses
many difﬁculties because of geographical, cultural and
other barriers. (3) Medication adherence is often difﬁcult
because of the many other daily problems facing Aboriginal and Torres Strait Islander families—for instance, in
some situations long-term warfarin therapy may be problematic and this will have a signiﬁcant impact on the type
of valve surgery that can be performed.
This evidence-based review of chronic rheumatic heart
disease has been written primarily for health professionals
dealing with Aboriginal and Torres Strait Islander people
but the principles of diagnosis and management apply
equally to the non-Indigenous population. The unacceptable health status of our Indigenous population can
be greatly improved by application of evidence-based
medicine. Knowledge is available to diagnose, manage
and control the high burden of rheumatic heart disease
in Australian Aboriginal and Torres Strait Island people.

Background and Management Principles
In Australia the vast majority of people with chronic
rheumatic heart disease (RHD) are Aboriginal and Torres Strait Islander people, many of whom live in remote
areas of Western Australia, the Northern Territory and
Queensland.1 It is difﬁcult and expensive for Aboriginal
and Torres Strait Islander people to travel to major centres
for cardiac services, often hospital based. Although specialist outreach services are improving in many regions,
the access to specialist care is suboptimal in rural and
remote areas.2
The implementation of guidelines for chronic RHD
has major implications for Aboriginal and Torres Strait
Islanders health care services, especially in rural and
remote regions. In addition to access to appropriate primary care services, best practice for RHD prescribes:
(1) Secondary prevention with penicillin prophylaxis.

© 2007 Australasian Society of Cardiac and Thoracic Surgeons and the Cardiac Society of
Australia and New Zealand. Published by Elsevier Inc. All rights reserved.
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Table 1. Levels of Evidence for Clinical Interventions and Grades of Recommendation
Level of Evidencea
I
II
III-I
III-2

III-3
IV

Grade of Recommendationb

Study Design
Evidence obtained from a systematic review of all
relevant randomised controlled trials (RCTs).
Evidence obtained from at least one properly designed
RCT.
Evidence obtained from well-designed pseudo-RCTs
(alternate allocation or some other method).
Evidence obtained from comparative studies with
concurrent controls and allocation not randomised
(cohort studies), case-control studies, or interrupted
time series with a control group.
Evidence obtained from comparative studies with
historical control, two or more single-arm studies, or
interrupted time series without a parallel control group.
Evidence obtained from case series, either post-test or
pre-test and post-test.

A—rich body of high-quality RCT data.
B—limited body of RCT data or
high-quality non-RCT data.
C—limited evidence.
D – no evidence available – panel
consensus judgement.

a

Adapted from National Health and Medical Research Council. A guide to the development, implementation and evaluation of clinical practice
guidelines. Canberra: NHMRC, 1999.
b
Adapted from US National Institutes of Health. Clinical guidelines on the identiﬁcation, evaluation and treatment of overweight and obesity in adults:
executive summary. Expert Panel on the identiﬁcation, evaluation and treatment of overweight in adults. Am J Clin Nutr 1998;68:899–917. (Details can be
found at www.nhlbi.nih.gov/guidelines/obesity/ob home.htm).

(2) Access to a specialist physician and/or cardiologist,
preferably the same specialist over a prolonged time.
(3) Access to echocardiography.
(4) Adequate monitoring of anticoagulation therapy in
patients with atrial ﬁbrillation and/or mechanical
prosthetic valves.
The increasing availability of specialist outreach services and portable echocardiography should mean that
all RHD patients in Australia, regardless of location, have
access to most of these requirements.3,4

Secondary Prevention with Penicillin Prophylaxis
The fundamental goal in long-term management of
chronic RHD is to avoid, or at least delay, valve surgery.
Therefore, penicillin prophylaxis for prevention of recurrent ARF is a crucial strategy in the management of
patients with chronic RHD. Where adherence to secondary
prevention is poor, there is greater need for surgical intervention and long-term surgical outcomes are not as good.5

Importance of Echocardiography
All patients with murmurs suggestive of valve disease,
or a past history of acute rheumatic fever (ARF), require
echocardiography (Level of evidence: Grade D—see
Table 1). This will detect any valvular lesion, and allow
assessment of its severity and of left ventricular (LV) systolic function. Many patients with chronic RHD do not
have a past history of ARF, and it may be difﬁcult to
judge their symptomatic status by standard clinical criteria (e.g. New York Heart Association Functional Class;
NYHA FC) because of communication difﬁculties and cultural barriers. For example, many Aboriginal and Torres
Strait Islander patients, especially those from remote communities, report few symptoms, even in the presence of
advanced valvular disease.
Serial echocardiography plays a critical role in the diagnosis and follow-up of rheumatic valve disease, allowing
objective monitoring of the severity of valve lesions, LV
chamber size, LV function and any increase in pulmonary

artery pressure. These objective echocardiographic data
are crucial in helping to determine the timing of any surgical intervention.

Monitoring Anticoagulation Therapy
The ability to adequately monitor and achieve therapeutic anticoagulation levels may be difﬁcult because
of language and cultural differences, mobility of the
population and remoteness from pathology services.6
For these reasons there may be difﬁculties in achieving
good adherence to anticoagulation and other medications in remote communities.6 Point-of-care international
normalised ratio (INR) testing is now available, and its
application needs to be systematically tested in remote
regions.7
Local RHD registers may also be useful in identifying
patients requiring recall for INR monitoring. Despite the
difﬁculties, many Aboriginal and Torres Strait Islander
patients requiring anticoagulant therapy achieve consistency of INR readings, as required in patients with
mechanical prosthetic valves.
The speciﬁc valvular lesions in chronic RHD are discussed in subsequent sections. Many patients (e.g. 47%
of Top End Northern Territory RHD patients)8 will have
involvement of two or more valves, most commonly mitral
and aortic, although pathology in one is usually dominant. The assessment of severity of each valvular lesion
can be made by echocardiography. Management is usually focused on the most severe valve lesion, especially
with regard to timing of intervention.

Mitral Regurgitation
Natural History
Mitral regurgitation is the most common valvular lesion
in RHD, and is particularly frequent in young patients,
who have not yet developed scarred and stenotic valves
from persistent or recurrent valvulitis. In Aboriginal RHD
patients in the Northern Territory, 41% had pure mitral
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regurgitation while in children aged under 10 years, over
90% of mitral valve lesions were pure regurgitation. In
patients aged between 10 and 39 years, the proportion was
60–70%.8
In chronic mitral regurgitation, volume overload of
the left ventricle and left atrium occurs.9 This leads to
increased mitral regurgitant ﬂow into the low pressure
left atrium, especially during the earliest phase of systole.
LV and left atrial size increases in response to large volumes of regurgitant mitral blood ﬂow. LV systolic function
may remain within normal limits for many years, despite
the presence of severe mitral regurgitation. Eventually this
degree of volume overload results in a progressive decline
in systolic contractile function.
In mitral regurgitation, LV outﬂow resistance (afterload) is decreased by ejection into the low pressure left
atrium, so that the LV function may appear to be normal or low normal, even when myocardial contractility
is impaired. Therefore, LV dysfunction is less likely to be
reversible following mitral valve surgery than it is with aortic valve surgery for aortic regurgitation. The development
of signiﬁcant pulmonary vascular disease and pulmonary
hypertension is much less common in mitral regurgitation
than in mitral stenosis.
There is wide individual variation in the rate of progression of mitral regurgitation, although many cases tend to
progress over the next 5–10 years especially if there is a
recurrence of ARF.10–12

Symptoms
Patients with mild to moderate mitral regurgitation may
remain asymptomatic for many years.10 Patients with
moderate to severe mitral regurgitation may also be
asymptomatic or mildly symptomatic. Initial symptoms
include dyspnoea on exertion, fatigue and weakness,13
and these may progress slowly over time. Patients often
become symptomatic if they develop atrial ﬁbrillation,
particularly with a rapid ventricular rate. Worsening
symptoms may also result from a recurrence of ARF or
chordal rupture, both of which can cause an acute change
in the severity of regurgitation.

Examination
In patients with mild to moderate mitral regurgitation,
the LV apex will not be displaced, and there will be a
mid- or pansystolic murmur heard best at the apex, which
may radiate laterally or medially, depending on the direction of the regurgitant jet.13 Patients with moderate or
more severe mitral regurgitation will have an apex beat
displaced to the anterior or mid-axillary line and a loud
pansystolic murmur maximal at the apex. There may be
an associated diastolic murmur of mitral stenosis, or a
mid-diastolic murmur from increased transmitral ﬂow.

ECG/Chest X-Ray
ECG and chest X-ray are not usually helpful in diagnosis of
this condition. In more severe degrees of mitral regurgitation, especially in older patients, atrial ﬁbrillation may be
present. Chest X-ray will show an enlarged left ventricle
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and radiological signs of pulmonary congestion in more
advanced cases.

Echocardiography
Echocardiography allows accurate assessment of left ventricular (LV) size and systolic function, as well as left
atrial size.9,13,14 The two-dimensional (2D) images of the
rheumatic mitral valve are quite characteristic and can
help conﬁrm a diagnosis of RHD, even without previous
documentation of ARF in patients from high-risk populations.
The main features of pure mitral regurgitation is overriding or prolapse of the anterior mitral valve leaﬂet due to
elongation of the chordae to the anterior leaﬂet and, in the
more severe cases, dilation of the posterior mitral annulus. This results in an eccentric posteriorly directed jet of
variable severity depending on the degree of prolapse.15
There may be some thickening and tethering of either or
both leaﬂets, even in mild valvular disease. This results
in an “elbow” (or “dog leg”) appearance of the anterior
leaﬂet and reduced mobility of the posterior leaﬂet. This
abnormality is especially common if there is mild mitral
stenosis. Leaﬂet and annular calciﬁcation tends to be a late
development and is unusual in young patients.
Accurate measurement of LV end systolic and end diastolic dimensions and systolic function by M mode and 2D
echocardiography must be obtained. Patients with moderate or greater mitral regurgitation almost always have LV
and left atrial enlargement.
Pulse Doppler and colour ﬂow mapping in the left
atrium allows a semi-quantitative estimate of the severity of the mitral regurgitant jet. This is done by grading
the area of the regurgitant jet in relation to the area of
the left atrium and by examining the spectral intensity
of the jet by pulse Doppler. Milder degrees of regurgitation may be missed, unless “sweeping” scans of the left
atrium and mitral valve from parasternal and apical windows are used. An experienced echocardiographer may be
required to distinguish physiological (trivial) from pathological mitral regurgitation.
Quantitative grading of mitral regurgitation using
Doppler echocardiography to calculate effective regurgitant oriﬁce area has been proposed as a more accurate
method to assess mitral regurgitation severity.16 However, this measurement is time consuming and technically
demanding and therefore has not yet been widely used.
Due to higher quality imaging, transoesophageal
echocardiography (TOE) provides more optimal evaluation of mitral valve morphology and is commonly used
pre-operatively to help assess suitability for valve repair
and intra-operatively to assess adequacy of surgical repair.
It is also useful in patients yielding poor image quality with
transthoracic echocardiography, such as obese patients.
However, TOE is usually only performed in urban or large
regional centres limiting its availability.

Cardiac Catheterisation
Cardiac catheterisation is only necessary when there is
a need to exclude coronary artery disease. In Aborigi-
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nal and Torres Strait Islander people this may need to be
considered in patients aged over 30 years because of the
premature onset of coronary artery disease in this population. Left ventriculography is another method of assessing
the degree of mitral regurgitation, but the radiographic
assessment may be affected by catheter-induced ventricular ectopy.

Medical Management
Vasodilator drug therapy (e.g. dihydropyridines, ACE
inhibitors) has been suggested as potentially beneﬁcial
for volume-overloaded ventricles by decreasing the work
of the overloaded left ventricle, potentially minimising
myocardial damage and deferring the need for surgery.
In contrast to aortic regurgitation, there are limited data
available on the efﬁcacy of chronic vasodilator therapy for
patients with mitral regurgitation.
The absence of increased afterload in mitral regurgitation (instead there is a low resistance leak into the left
atrium) suggests that vasodilator therapy would not be
beneﬁcial in improving outcome.17 Therefore, this drug
therapy is not recommended in the medical management
of mitral regurgitation, unless there is associated heart
failure, LV dysfunction or hypertension (Level IV, Grade
C).
Medical therapy of complications, such as atrial ﬁbrillation, is described in ‘Mitral Stenosis’ section. Patients who
develop evidence of clinical heart failure with symptoms
and signs of ﬂuid retention (e.g. elevated venous pressure)
require diuretic therapy and ACE inhibitors.
In asymptomatic or mildly symptomatic patients with
moderate or more severe mitral regurgitation, echocardiography should be performed at least every 6–12 months
(Grade D). Measurement of LV dimensions, assessment
of systolic function, Doppler assessment of the degree of
regurgitation and estimation of pulmonary artery systolic
pressure are essential with every study. Comparison with
previous studies is an important part of the process.

Surgical Management
CHOICE OF OPERATION. The operation of choice for dominant or pure rheumatic mitral regurgitation is mitral valve
repair, rather than replacement (Level II, Grade B).18,19
Mitral valve repair has a lower operative risk, and provides better preservation of LV systolic function and a
better late clinical outcome than mitral valve replacement.
In patients who are in sinus rhythm, it avoids the need for
long-term anticoagulation with warfarin. Stable, reliable
anticoagulation requires a high level of engagement with
the health service. It is often difﬁcult to achieve this in Aboriginal and Torres Strait Islander patients, and warfarin is
also highly undesirable in women of childbearing age and
young physically active men. Valve repair avoids the risk
of many of the complications of prosthetic valves, including thromboembolic and bleeding events, infection, and
structural deterioration of bioprosthetic valves in younger
patients.
Although there have been no randomised comparative
trials, more recent surgical experience has shown that the
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long-term results of mitral valve repair are superior to
those of mitral valve replacement in RHD. In a report
from Toronto, the 10-year survival rate for mitral valve
repair was 88%, compared with 70% for bioprostheses
and 73% for mechanical prostheses.19 The superior survival rate was statistically signiﬁcant, even after correction
for baseline differences between patient groups. The 10year freedom from thromboembolic events was 93% for
valve repair, 93% for bioprostheses and 72% for mechanical valve replacement.
Valve repair for rheumatic mitral valve regurgitation
is more technically demanding than repair of myxomatous mitral valves and the long-term results are not as
good. Nevertheless, very acceptable results have been
obtained centres that perform these operations regularly.
In a French series of 951 patients, who had repair for
dominant rheumatic mitral regurgitation, the in-hospital
mortality was 2% and the actuarial survival was 89% at 10
years and 82% at 20 years.20 Freedom from re-operation
was 82% at 10 years and 55% at 20 years. Whether these
good results for mitral valve repair can be extrapolated
to Aboriginal and Torres Strait Islander people is uncertain. Long-term results depend on the population studied
and therefore will be affected by the public health and
general social and geographical environments in which
people live.
For example, in a mitral valve surgical series from Baragwanath Hospital in Soweto, South Africa of predominantly
young patients, one-third of whom had active carditis, the
long-term results of repair were less satisfactory. The freedom from valve failure was 66% after ﬁve years and 27%
of patients required re-operation during that period.15,21
These authors concluded active carditis at the time of
surgery was the major predictor of late valve failure.
Therefore, strict adherence to a prophylactic antibiotic program post surgery is vital to prevent progression
of valvular disease due to recurrence of ARF. Regular
echocardiographic studies are required in all patients post
repair to monitor the degree of any residual regurgitation
and detect any increase in its severity that might suggest
valve failure.
The re-operation rate is higher with mitral valve repair
than replacement, but in experienced centres re-operation
can be carried out at low risk. This may require mitral valve
replacement, but initial valve repair should delay the need
for long-term anticoagulation for many years.
If the mitral valve is not suitable for repair, the options
are valve replacement, either with a mechanical valve
prosthesis or a bioprosthetic valve. The advantage of
mechanical valve prostheses is their long-term durability
with extremely low rates of failure. The major disadvantage is the need for long-term anticoagulation with
warfarin. Patients with tilting disc or bileaﬂet valves in the
mitral position require a slightly higher target INR of 3.0
(range 2.5–3.5), compared to those in the aortic position
(2.5).22
The pros and cons of mechanical versus bioprosthetic
valves are discussed in pages 9, 10. However, the major
disadvantage of bioprosthetic valves is their limited durability, and it has been clearly documented that structural
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valve degeneration occurs earlier and is more common
with mitral bioprosthetic valves than aortic bioprosthetic
valves in younger patients.23 Nevertheless, a woman of
childbearing years, who is in sinus rhythm but is not
suitable for repair, may need to be considered for bioprosthetic valve replacement in order to avoid the hazards
of anticoagulation during pregnancy. After bioprosthetic
valve replacement, most patients in sinus rhythm can be
managed without long-term anticoagulation.22
The need for re-do valve surgery is higher in the Aboriginal and Torres Strait Islander population than in other
populations.23 All patients need a careful pre-operative
assessment of the likelihood of adherence to anticoagulation therapy and monitoring before a decision regarding
type of operation is made. Poor adherence with anticoagulation is associated with less favourable long-term
outcomes, especially after mechanical valve replacement.
Other important factors inﬂuencing choice of operation
are age, gender, adherence to other medications and social
circumstance.

Indications for Surgery
Patients with severe mitral regurgitation should be
referred for mitral valve surgery if they become symptomatic, or if they have echocardiographic indicators
suggesting LV systolic dysfunction (Level III-2, Grade B).
These include evidence of reduced LV systolic function
(ejection fraction <60%), or an LV end systolic diameter
≥40 mm determined by echocardiography in the adult.25
A critical LV end systolic dimension has not been identiﬁed
in children.
In addition patients with severe mitral regurgitation
who are asymptomatic or mildly symptomatic, should be
referred for early surgical consultation.17 This is because
compared to those with normal LV function, patients who
develop reduced LV systolic function have increased surgical risk, less likelihood of restoring normal LV function
and increased risk of late heart failure and death. Early
referral is particularly important in children. Additional
indicators favouring early referral for surgical consultation
are progressive but rapid LV enlargement, the presence of
signiﬁcant pulmonary hypertension (PA systolic pressure
>50 mmHg) and chronic or recurrent atrial ﬁbrillation.
Nevertheless there is controversy about timing of
surgery in patients who are asymptomatic or mildly symptomatic and have severe mitral regurgitation and normal
LV systolic function (ejection fraction ≥60%).17,26,27 The
arguments for early valve repair in these patients include:
(1) Borderline systolic function (LVEF 50–60%) may indicate LV dysfunction in severe mitral regurgitation, due
to the relatively low impedance to LV outﬂow;
(2) In most cases mitral regurgitation slowly worsens, with
most patients becoming symptomatic during the next
5–10 years10 ; and
(3) These patients are very likely to be suitable for mitral
valve repair since younger patients tend to have
preservation of the anterior leaﬂet and chordae and
relatively pliable valve leaﬂets. The operative risk is
very low in patients repaired early compared to valve
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replacement, and thromboembolic sequelae are rare
because there is usually no need for anticoagulation.
The arguments against early mitral valve surgery are:
(1) Up to 10% of patients develop signiﬁcant mitral
regurgitation after mitral valve repair, requiring reoperation within two years;
(2) In some patients initially thought to be suitable, the
mitral valve cannot be repaired, necessitating valve
replacement.
As indications for surgery in asymptomatic patients
are still evolving it is important that physicians caring for patients with asymptomatic moderate to severe
mitral regurgitation consult cardiac surgeons early, so that
appropriate care plans can be organised, taking into consideration the clinical and echocardiographic ﬁndings and
the patient’s individual circumstance.
Patients with mitral regurgitation and associated mitral
stenosis, who have severely ﬁbrotic, calciﬁed valves,
may require mitral valve replacement. Because of the
Table 2. Key Points in Managing Rheumatic Mitral
Regurgitation
Symptoms

May be asymptomatic for many
years
Exertional dyspnoea and fatigue

Examination

Pansystolic murmur at left
ventricular apex

Echocardiography

Over-riding or prolapse of anterior
mitral valve leaﬂet
Thickened “dog leg” anterior mitral
valve leaﬂet, especially if associated
mitral stenosis
Retrograde colour (mosaic)
regurgitant jet into left atrium, often
posteriorly directed
Severity graded by area of colour
regurgitant jet in left atrium
Left ventricular chamber
dimensions enlarged if moderate or
greater mitral regurgitation
Assess left ventricular systolic
function

Cardiac catheterisation

Only to exclude coronary artery
disease

Medical management

No role for vasodilators, e.g.
nifedipine
Diuretics and ACE inhibitors if
heart failure

Indications for surgery

Moderate/severe mitral reguritation
with symptoms NYHA FC II, III, IV
Asymptomatic severe mitral
regurgitation in children
Asymptomatic severe mitral
regurgitation in adults when:
Reduced LVEF (<60%)
LVESD ≥40 mm
Pulmonary hypertension (PAS
>50 mmHg)

Choice of operation
Notes: LVEF, left ventricular ejection fraction; LVESD, left ventricular end
systolic diameter (Echo); NYHA FC, New York Hear Association
Functional Class; PAS, pulmonary artery systolic pressure.
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long-term morbidity accompanying prosthetic valve
replacement in many Aboriginal and Torres Strait Islander
people, and the frequent requirement for anticoagulation, it is often preferable to wait until the patient is more
symptomatic despite medical therapy (NYHA FC II-III),
provided that LV systolic function is preserved (Table 2).

Mitral Stenosis
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left lateral position. It may be difﬁcult to hear especially if
the ventricular rate is rapid. An inexperienced health care
provider may miss this murmur in the resting patient. It
can be accentuated by increasing the heart rate through
mild exercise. The duration of the murmur correlates with
the severity of mitral stenosis. If the patient is in sinus
rhythm there will be pre-systolic accentuation, but this is
lost once atrial ﬁbrillation occurs.

Natural history

ECG/Chest X-Ray

The natural history of mitral stenosis varies according
to the population being studied. In the non Aboriginal
and Torres Strait Islander population there is often a
latent period of 20–40 years between episodes of ARF
and presentation with mitral stenosis.28,29 However, in the
Aboriginal and Torres Strait Islander population, mitral
stenosis progresses more rapidly and patients become
symptomatic at a younger age. In some developing countries, such as India, this trend is more marked where
mitral stenosis is not uncommon in children aged under
10 years.
Approximately 30% of Aboriginal RHD patients in the
Northern Territory aged 10–19 years have mitral stenosis,
and the mean age of all those with mitral stenosis is 33
years.8 At the time of diagnosis, the majority of patients
with mitral stenosis do not recall having had ARF.
The progression of mitral stenosis is variable, and best
monitored with serial Doppler echocardiography.30 More
rapid progression may be due to undetected recurrences
of ARF. Secondary pulmonary hypertension results from
the elevated pressures in the pulmonary vascular bed,
leading to right ventricular (RV) hypertension, dilatation
and tricuspid regurgitation.

ECGs are not particularly helpful in diagnosing mitral
stenosis, although they may show evidence of left atrial
enlargement. However, an ECG shows whether the heart
is in sinus rhythm or atrial ﬁbrillation.
A chest X-ray may show left atrial enlargement and
redistribution of pulmonary vascular ﬂow to the upper
lung ﬁelds. Calciﬁcation of the mitral valve apparatus may
be visible in lateral projections. If the patient has developed heart failure, pulmonary congestion will be visible
on the chest X-ray.

Echocardiography

Progressive obstruction to LV inﬂow develops, leading to
a diastolic gradient between the left atrium and ventricle. This gradient is accentuated by faster heart rates, for
example during exercise, or in the presence of atrial ﬁbrillation with rapid ventricular rates. Patients usually do not
develop symptoms until the mitral valve oriﬁce decreases
to <2 cm2 .
The initial symptom is exertional dyspnoea, which
worsens slowly over time, with progressive ﬁbrosis and
narrowing of the mitral valve oriﬁce. Symptoms of heart
failure (orthopnoea, paroxysmal dyspnoea and occasionally haemoptysis) develop as the mitral valve oriﬁce
decreases to <1.0–1.5 cm2 .31 Less commonly, patients may
present with signs of arterial embolism from the left
atrium, such as a stroke or peripheral arterial occlusion.
The occurrence of systemic embolism does not correlate
with the severity of mitral stenosis32,33 but is related to the
presence of atrial ﬁbrillation.

Doppler echocardiography is used to accurately characterise the severity of mitral stenosis and associated valve
lesions, and assess LV function and left atrial size.13,31,34
Two-dimensional echocardiography can demonstrate the
thickened, restricted anterior and posterior mitral valve
leaﬂets, the doming motion of the anterior leaﬂet (elbow or
dog leg deformity), involvement of subvalvular apparatus
and any associated valvular calciﬁcation.
Estimation of the severity of mitral stenosis requires a
continuous wave Doppler study. When the ﬂow is sampled
across the stenotic mitral valve, the mean velocity can be
measured and mean gradient calculated. The mitral oriﬁce
area can be calculated, using either the pressure half-time
method based on the slope of the mitral inﬂow velocity, or
by direct planimetry of the stenotic oriﬁce in the short axis
if the image quality is good. The extent of any associated
mitral regurgitation can be assessed by examining the area
of regurgitant colour ﬂow within the left atrium during
systole. LV systolic function is usually preserved, although
in some cases it may be reduced, particularly if the patient
has developed chronic atrial ﬁbrillation with inadequately
controlled ventricular rate.
If tricuspid regurgitation is present, the pulmonary
artery systolic pressure can be estimated by measuring
the peak velocity across the tricuspid valve. This can be
converted into a pressure gradient using the Bernoulli
equation (gradient = 4 × velocity2 ). By adding an estimate
of right atrial pressure to the pressure gradient, RV systolic pressure can then be calculated. In the absence of
pulmonary valve disease, RV systolic pressure is the same
as pulmonary artery systolic pressure.

Physical Examination

Cardiac Catheterisation

It may be possible to palpate a RV heave in the left parasternal region due to RV systolic hypertension.
The murmur of mitral stenosis is a low-pitched, diastolic rumble heard best at the apex, with the patient in the

Doppler echocardiography has replaced cardiac catheterisation as the gold standard for determining the severity of
mitral stenosis.31 Cardiac catheterisation is only required
to identify associated coronary artery disease. Therefore,

Symptoms
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younger patients can be referred for interventional therapy without diagnostic cardiac catheterisation.

Medical Management
Patients who develop congestive heart failure, with elevated venous pressure and/or pulmonary congestion,
respond to oral or intravenous diuretic therapy (e.g.
frusemide). In general, the treatment of symptomatic
mitral stenosis is interventional therapy.

Atrial Fibrillation
The most common complication of mitral stenosis is atrial
ﬁbrillation.32 Initially, this may be paroxysmal but eventually it becomes chronic, as mitral stenosis and left
atrial dilatation progress. Approximately 40% of patients
with mitral stenosis will exhibit chronic atrial ﬁbrillation,
and the incidence increases with age and left atrial size.
Atrial ﬁbrillation may lead to systemic embolism from
left atrial thrombi, which form predominantly in the left
atrial appendage (the area of lowest velocity). Patients
with mitral stenosis and chronic or paroxysmal atrial
ﬁbrillation should receive long-term prophylactic anticoagulation with warfarin (Level III-3, Grade C).22 However,
left atrial thrombus can occur in mitral stenosis, even when
sinus rhythm is present, due to left atrial dilatation, low
blood velocity and disorganised blood ﬂow. Therefore,
prophylactic anticoagulation should also be considered for
patients with mitral stenosis, a large left atrium and sinus
rhythm.
Patients who develop atrial ﬁbrillation with a rapid
ventricular rate may develop heart failure, including
pulmonary oedema, and require intravenous diuretic
therapy. The ventricular rate in atrial ﬁbrillation is best
slowed with beta-blockers, digoxin, rate-slowing calcium channel blockers (e.g. diltiazem), or combinations
of these medications. Anti-arrhythmics, such as amiodarone or sotalol, should not be used for long-term
rate or rhythm control of atrial ﬁbrillation in younger
patients, because of long-term adverse effects including pulmonary, thyroid (amiodarone) and pro-arrthymia
(sotalol).
When new onset atrial ﬁbrillation is symptomatic, consideration should be given to direct current cardioversion
to restore sinus rhythm (Grade B). Anticoagulation is indicated prior to this procedure22,35 and long term. Patients
can be anticoagulated initially with intravenous or low
molecular weight heparin to minimise the time required
before performing cardioversion. The exclusion of atrial
thrombus by transoesophageal echocardiography allows
cardioversion to be performed within a few days, rather
than after the previously recommended three weeks of
therapeutic anticoagulation.36
If sinus rhythm is achieved, the most effective medications for maintenance are the Class III agents, sotalol
or amiodarone. These are not recommended in younger
patients, as mentioned above. Anti-arrhythmic Class I
agents, such as quinidine, procainamide or disopyramide,
are also not recommended due to their pro-arrhythmic
potential.
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Percutaneous Balloon Mitral Valvuloplasty
The treatment of choice for dominant or pure mitral stenosis is percutaneous balloon mitral valvuloplasty (PBMV)
(Level III, Grade B).37–40 The balloon catheter is inserted
via the femoral vein and placed in the left atrium, using
the transeptal technique. The balloon is positioned across
the stenotic mitral valve and inﬂated, thereby separating
the stenotic leaﬂets along the commissures.
The short-term and medium-term results are comparable to surgical valvuloplasty.40,41 However, PBMV
usually requires only one night in hospital, is considerably cheaper and has less associated morbidity than
mitral valve surgery.31 Mitral oriﬁce area usually increases
to 1.5–2.0 cm2 or more following balloon valvuloplasty,
with corresponding reduction in left atrial pressure and
increase in cardiac output. Symptoms of pulmonary congestion are relieved. Long-term results have been good
with 65% of patients being free of restenosis 10 years
after the procedure.37–39 Repeat valvuloplasty can be performed, if restenosis leads to recurrence of symptoms,
especially if the predominant mechanism of restenosis is
commissural fusion.
The most serious complication of the procedure is
tearing of the mitral valve leaﬂets and/or subvalvular
apparatus, causing severe mitral regurgitation. Of 528
patients with rheumatic mitral stenosis (mean age 56.1
years) treated at the Prince of Wales Hospital in Sydney
(RM McCredie, personal communication, August 2005)
only 4% developed mitral regurgitation requiring semiurgent mitral valve surgery, usually valve repair. Other
rare complications are cardiac tamponade and systemic
embolism.

Patient Selection
The indication for PBMV is progressive exertional dyspnoea (NYHA FC II, III or IV), associated with documented
evidence of moderate or severe mitral stenosis (mitral oriﬁce area <1.5 cm2 ) (Grade B).31,42 Asymptomatic patients
usually do not need intervention, unless there is a
history of thromboembolism, paroxysmal atrial ﬁbrillation or signiﬁcant pulmonary hypertension (pulmonary
artery systolic pressure >50 mmHg). Patients with pliable,
mobile, relatively thin valves with no or minimal calciﬁcation and without signiﬁcant thickening and fusion
of the subvalvular apparatus, are the best candidates.
This comprises the majority of symptomatic younger
patients. However, experienced operators can obtain
acceptable results in older patients with less favourable
anatomy.
Patients with pure or dominant mitral stenosis requiring
intervention should be referred for PBMV to a centre with considerable experience in the technique and
documented low complication rates, regardless of the
anatomy of their mitral valves.31,40 Early referral is recommended for younger patients as they have the most
favourable valve morphology and have the best long-term
results.
A large left atrial thrombus is a contraindication to
PBMV.40 However, it can often be performed safely in
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the presence of a small, stable thrombus in the left atrial
appendage. Mild regurgitation is acceptable, but patients
with moderate or greater mitral regurgitation are not suitable, and should be referred for surgery if symptoms are
signiﬁcant. Most patients do not develop worsening of
mitral regurgitation over time after successful PBMV.
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in ‘Mitral Regurgitation’ section. In the presence of paroxysmal or chronic atrial ﬁbrillation, replacement with a
mechanical prosthesis is usually recommended, since
long-term anticoagulation is already required.
Replacement with a bioprosthesis may be necessary for
females in the childbearing years (especially those in sinus
rhythm), to avoid anticoagulation during pregnancy.

Surgical Management
PBMV has largely replaced surgical mitral commissuroplasty and commissurotomy.40,41 In the relatively few
patients who are not suitable for PBMV, every effort should
be made to repair the mitral valve rather than replace it, if
patients are in sinus rhythm (Grade D). The goal of surgical
repair is to restore the pliability of the mitral valve leaﬂets
by excising ﬁbrous tissue, secondary chordae and areas of
calciﬁcation, and to increase the oriﬁce area by performing
two commissurotomies extended deep into the respective
fused papillary muscles.
Mitral valve replacement may be necessary in heavily
calciﬁed valves, especially with subvalvular involvement.
The choice of mitral valve prosthesis has been discussed

Surgery for Atrial Fibrillation
Patients with paroxysmal or chronic atrial ﬁbrillation,
who require mitral valve surgery, can have sinus rhythm
restored in more than 80% of cases with atrial ablation
procedures at the time of surgery using radiofrequency
and other modalities.43,44 In most cases, the mechanical
contractile function of the atria returns. Since it is now
believed that most atrial ﬁbrillation focal circuits originate around the origin of the pulmonary veins, this site
is the main target of ablation. The addition of an ablation procedure usually prolongs the cross clamp time of
the operation by 10–15 min. Not all surgical units are performing this procedure as it is a relatively new technique
and long-term results are not yet available (Table 3).

Table 3. Key Points in Managing Rheumatic Mitral Stenosis
Symptoms

May be asymptomatic
Exertional dyspnoea, fatigue,
palpitations

Examination

Low-pitched mid diastolic
“rumble” at left ventricular apex

Echocardiography

Thickened restricted “dog leg”
anterior mitral valve leaﬂet
Restricted posterior leaﬂet
Measure mean mitral gradient
from continuous wave Doppler
signal
Calculate MVA from slope of
Doppler mitral inﬂow velocity
Calculate PAS pressure from
peak tricuspid regurgitant jet
velocity (4V2 )

Cardiac catheterisation

Only to exclude coronary artery
disease

Atrial ﬁbrillation

Common
Rate control using beta-blockers
or digoxin, or consider
cardioversion if recent onset
Need anticoagulation to prevent
thromboembolic complications

Indications for intervention

Symptoms NYHA FC II-IV
MVA <1.5 cm2 or
PAS >50 mmHg
No left atrial thrombus
Mild or no mitral regurgitation

Procedure of choice

Percutaneous balloon mitral
valvuloplasty by high volume
operator/centre
65% of patients free of restenosis
after 10 years
Mitral valve repair or
replacement if valve leaﬂets
heavily calciﬁed

Notes: MVA, mitral valve area; NYHA FC, New York Heart Association
Functional Class, PAS, pulmonary artery systolic; V, velocity.

Aortic Regurgitation
Natural History
Moderate or more severe aortic regurgitation results in
LV overload with an increase in LV end diastolic volume,
which helps maintain the increased total stroke volume.45
As the severity of regurgitation increases, the left ventricle undergoes progressive dilatation and hypertrophy. In
chronic aortic regurgitation there is often a long compensated phase with preserved systolic function, despite the
pressure and volume overload. However, over time LV
contractile dysfunction occurs in the more severe cases.
The rate of progression to symptoms and/or systolic dysfunction is approximately 6% per year.17,46

Symptoms and Examination Findings
In the chronic situation, many patients remain asymptomatic, despite having moderate or severe regurgitation.
Eventually, dyspnoea on exertion occurs, sometimes
accompanied by orthopnoea and, in advanced cases,
symptoms of frank congestive heart failure, such as paroxysmal nocturnal dyspnoea and oedema.
Patients may also experience episodes of angina, despite
having normal coronary arteries, probably due to hypotension in diastole, when most coronary ﬂow occurs. In severe
aortic regurgitation, the pulse pressure is widened and the
Korotkoff sounds are heard almost down to the pressure
of zero. Examination usually reveals a forceful LV apical
impulse, which may be displaced laterally and downwards. An obvious waterhammer pulse at the brachial
artery and a collapsing carotid pulse are clinical indications of at least moderate aortic regurgitation.
The typical murmur of aortic regurgitation is a diastolic,
blowing decrescendo murmur best heard at the left sternal border, with the patient sitting upright. In general, the
length of the murmur correlates with severity, with more
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severe cases producing a pan-diastolic murmur. There is
usually an associated systolic murmur, even in the absence
of aortic stenosis, due to the increased antegrade ﬂow
across the aortic valve and, in occasional cases, a mitral
diastolic murmur.

ECG/Chest X-ray
With severe aortic regurgitation, the ECG often shows
non-speciﬁc ST-T wave changes, with or without increased
LV voltages. Chest X-ray may show an enlarged left ventricle and a dilated ascending aorta.

Echocardiography
LV function is assessed quantitatively by measuring LV
end systolic and end diastolic diameters. The degree of LV
dilatation is usually greater in severe aortic than in severe
mitral regurgitation. The aortic valve is usually thickened
and the aortic root is dilated in more severe cases.
The extent of aortic regurgitation is examined with
colour ﬂow mapping in the left ventricle.47,48 The spatial extent of the colour ﬂow jet in the LV outﬂow tract
is an approximate guide to the severity of aortic regurgitation. If the area is at least two-thirds or more of the
LV outﬂow tract, the regurgitation is in the moderate to
severe range. The depth of the jet in the left ventricle is
also of some value, although it may be obscured by turbulent mitral valve inﬂow, particularly in cases of associated
mitral stenosis.
A useful method for assessing the severity of aortic
regurgitation is to sample diastolic ﬂow in the descending
thoracic aorta from the suprasternal notch position. The
length and velocity of the reversed ﬂow is proportional to
the severity of regurgitation. Pan-diastolic reversed ﬂow,
particularly with increased velocity, is indicative of moderate or severe regurgitation, while in more severe cases
there is reversal of diastolic ﬂow in the abdominal aorta.
A pressure half-time of <400 ms usually indicates at least
moderate aortic regurgitation. However, additional factors, such as heart rate and LV end diastolic pressure, can
affect pressure half-time.47,48

Cardiac Catheterisation
Cardiac catheterisation is not required for diagnosis or
assessment of the severity of aortic regurgitation. It should
only be carried out if coronary artery disease must be
excluded. Since coronary artery disease presents much
earlier in Aboriginal and Torres Strait Islander patients,
coronary angiography may be required in those over
30 years of age. Aortography may be carried out at the
same procedure allowing assessment of the degree of
regurgitation and the dimensions of the ascending aorta.
Increasingly dense opacity due to contrast medium in the
left ventricle and slower clearance of contrast, correlates
with greater degrees of aortic regurgitation.

Medical Management
In asymptomatic patients with signiﬁcant aortic regurgitation, vasodilator therapy has been demonstrated to
reduce LV dilatation and regurgitant fraction.17 This has
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the potential for slowing progression of LV dilatation, and
hence delaying the need for surgery. These drugs may
also be beneﬁcial as these patients usually have systolic
hypertension. Most of the publications describe experience with the dihydropyridine, nifedipine,49 although
smaller studies have shown that ACE inhibitors are also
effective.50 However, there is some recent evidence that
prior treatment with nifedipine or an ACE inhibitor does
not reduce or delay the need for aortic valve replacement
in patients with asymptomatic severe aortic regurgitation and normal LV function.51 Nevertheless until there
is more trial data, vasodilator therapy with nifedipine or
ACE inhibitors is still recommended for asymptomatic
or mildly symptomatic patients with preserved systolic
function and moderate or greater degrees of aortic regurgitation (Level III-3, Grade C) especially when systolic
hypertension is present.
Patients with symptoms of pulmonary congestion will
beneﬁt from diuretic therapy but should be referred
for surgery even if symptoms subside. Atrial ﬁbrillation is uncommon in aortic regurgitation, but may lead
to symptomatic deterioration due to a rapid ventricular
rate. Treatment comprises digoxin and rate slowing betablockers or calcium channel blockers, as described for
mitral valve disease. Cardioversion may need to be considered.
Serial echocardiography is essential for monitoring LV
size and function and severity of aortic regurgitation.
Mild regurgitation usually requires evaluation every two
years, whereas more severe regurgitation should be studied every 6–12 months, depending on the extent and rate
of serial change.

Surgical Management
Patients with moderate/severe aortic regurgitation, who
become symptomatic, should be referred for surgery
(Level III-2, Grade B).9,17,52 Without surgery symptomatic
patients have a signiﬁcantly impaired prognosis, the mortality rate being over 20% per year. Patients with reduced
systolic function (LVEF <50%) should be referred as soon
as possible for valve surgery, as long-term studies suggest
progression of heart failure and death occurs in up to 25%
of these patients per year.53,54
ASYMPTOMATIC AND MILDLY SYMPTOMATIC PATIENTS WITH SEVERE
AORTIC REGURGITATION. In patients with normal LV systolic
function and few or no symptoms, the aim is to delay
surgery as long as possible, but before onset of LV systolic dysfunction.17 If serial echocardiography shows that
the LV end systolic diameter is approaching 55 mm, or the
systolic ejection fraction is <55%, these patients should
be referred for aortic valve surgery (Grade C).46 In addition, an LV end diastolic diameter >70 mm may be a sign
of increased cardiovascular risk and the need to consider
surgery. More long-term outcome data are required before
LV end diastolic diameter can become a deﬁnitive criterion
for surgical intervention.17
CHOICE OF OPERATION. The options for aortic valve surgery
are replacement with either a mechanical valve, a
stented or a stentless bioprosthesis valve, or an aortic
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homograft.24,55 Other surgical options are either aortic
valve repair or the Ross procedure (pulmonary autograft
with homograft replacement of pulmonary valve).24 It is
important that the choice of operation be fully discussed
with the patient and his or her family and, if possible, with
the patient’s primary health care provider before a ﬁnal
decision is made.
Replacement with a bioprosthesis has the advantage of
avoiding long-term anticoagulation. The main disadvantages of bioprostheses are their limited durability24,56 in
younger patients (15–50 years). Structural deterioration
of bioprostheses, such as the Hancock valve, has been
reported to be 50% at 10 years and 90% at 15 years.57
Newer, stentless bioprosthetic valves appear to have a similar rate of structural deterioration, at least up to 10 years
follow-up,58 but long-term outcome studies are not yet
available.
Structural deterioration usually results in prosthetic
regurgitation, although some degree of prosthetic stenosis
may also occur. It is important that bioprosthetic valves be
regularly monitored by echocardiography to detect early
manifestations of deterioration with regurgitation and/or
stenosis. Late re-operation will be required in the majority of younger patients because of valve degeneration and
recurrence of symptoms.
Homografts are also subject to structural deterioration,
often with associated calciﬁcation.59–61 Homografts have
the advantage of haemodynamics identical to that of a
native aortic valve and the avoidance of anticoagulant
therapy if the patient is in sinus rhythm. However, limited donor supply means that valves may not always be
available. The largest follow-up study of aortic homografts
found a 10 and 20-year freedom from tissue failure (development of signiﬁcant regurgitation or stenosis) of 62%
and 18%.62 Difﬁculties in obtaining donor homografts and
the signiﬁcantly increased complexity of re-operation in
many of these patients, has led to this procedure becoming
much less favoured in recent years, especially in younger
rheumatic patients.
Mechanical tilting disc/bileaﬂet prostheses have excellent long-term durability with favourable long-term
outcome if good warfarin adherence can be achieved. If
patients already have chronic atrial ﬁbrillation requiring
anticoagulation, the valve of choice is a mechanical valve
prothesis. The main complications of mechanical valves
are bleeding and thromboembolic events, usually due
to problems with anticoagulation adherence.7,63 Patients
with newer disc/bileaﬂet mechanical aortic valves can
usually be anticoagulated to a lower INR (2.0–3.0) than
was needed with the earlier generation caged ball/disc
valves, because these newer prostheses appear to have
a lower risk of thromboembolism,22,64,65 especially in
the aortic position. However, there is still a risk of
embolism and bleeding complications occurring, especially in some patients where stable anticoagulation is
difﬁcult to achieve.
The incidence of major bleeding in non Aboriginal
and Torres Strait Islander populations is approximately
1.4 per 100 patient-years, and the risk of stroke is 0.6
per 100 patient-years.64 In a series of Aboriginal patients
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in the Northern Territory, who had aortic or mitral
valve replacement with predominantly older generation
mechanical prostheses, the number of major bleeding
events was higher at 2.2 per 100 patient-years, and the
risk of embolism was also high at 3.9 per 100 patientyears, reﬂecting difﬁculties with anticoagulation.7,63,66 In
this series, complications were most common in the ﬁrst
four years after surgery.
As with all prostheses, other complications such as
endocarditis, prosthetic valve thrombosis, valve dehiscence and haemolysis may occur.
Experience with repair of rheumatic aortic valves is
limited.67 The Carpentier group in Paris has pioneered
this approach, and has recently reported 92% freedom
from re-operation at ﬁve years with cusp augmentation
techniques.68 Long-term results are not yet available.
Repair is best in the early stages of rheumatic valvular
disease when the cusps are thin and pliable. Patients do
not require warfarin but most receive antiplatelet therapy.
However, there is little experience with aortic valve repair
in Australia, and its role remains limited in the local environment. Patients at risk of recurrence of ARF, because of
poor adherence with antibiotic prophylaxis, are not suitable, as rheumatic activity can lead to valve dysfunction.
Another alternative for aortic valve surgery is the
Ross procedure,69,70 which uses a pulmonary autograft
for aortic valve replacement and a homograft for pulmonary valve replacement. The surgery is more complex
and consequently has a slightly higher operative risk.
It is best suited for aortic valves in the later stages
of rheumatic disease when leaﬂets are thickened and
retracted. It has the theoretical advantages of the valve
“growing” in younger patients, anticoagulation not being
required and pregnancy not resulting in structural valve
degeneration.
However, recurrence of ARF can involve the neo-aortic
valve (pulmonary autograft) causing regurgitation. Late
follow-up has also shown that patients may develop significant aortic regurgitation, especially after ﬁve years. The
10-year freedom from re-operation was 75% in a recent
surgical series.71 Also in younger patients, structural
degeneration of the pulmonary homograft, manifesting
usually as pulmonary stenosis, remains a problem.72 The
need for late reoperation is the principal limitation of the
Ross procedure.

Recommendations
A careful pre-operative assessment of the likelihood of
medication adherence, especially warfarin, is essential in
determining the choice of valve surgery. If stable anticoagulation is unlikely to be achieved, serious consideration
should be given to the use of an aortic bioprosthesis.
Patients who demonstrate good adherence with medications are suitable for replacement with the newer bileaﬂet
mechanical valve prosthesis, since they have the best longterm durability and highest freedom from re-operation.
However, in young female patients every effort must be
made to avoid a mechanical prothesis, because of the signiﬁcant risk to mother and foetus posed by anticoagulation
during pregnancy.
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Table 4. Key Points in Managing Rheumatic Aortic Regurgitation
Symptoms

May be asymptomatic for many years
Exertional dyspnoea and fatigue

Signs

Diastolic blowing, decrescendo murmur at left sternal border, usually associated
with systolic ejection murmur

Echocardiography

Retrograde diastolic regurgitant colour jet in LVOT and left ventricular chamber
Area of jet in LVOT correlates with severity
Left ventricular chamber dimensions enlarged if moderate or greater aortic
regurgitation
May have associated mitral valve disease
Pan-diastolic reversed diastolic ﬂow in descending thoracic aorta if
moderate/severe aortic regurgitation (Doppler)
Assess left ventricular systolic function

Cardiac catheterisation

Only to exclude coronary artery disease

Medical management

Vasodilator therapy with dihydropyridines (e.g. nifedipine), especially if systolic
hypertension in asymptomatic, moderate or greater aortic regurgitation
Diuretics and ACE inhibitors if heart failure

Indications for surgery

Moderate/severe aortic regurgitation with symptoms NYHA FC II-IV
Asymptomatic moderate/severe aortic regurgitation if:
LVEF <55%
LVESD ≥55 mm
LVEDD >70 mm

Choice of surgery

Valve replacement
Bioprosthesis or homograft
-No warfarin if in sinus rhythm
-Limited durability in younger patients
Mechanical valve
-Warfarin required
Aortic valve repair: limited experience
Ross procedure:
Aortic Homograft (pulmonary valve) and pulmonary homograft replacement
replacement.
Ross procedure, aortic valve repair only in selected cases with experienced
surgeons.

Notes: LVEDD, left ventricular end diastolic diameter; LVOT, left ventricular outﬂow tract; LVEF, left ventricular ejection fraction; LVESD, left ventricular
end systolic diameter; NYHA, New York Heart Association.

Aortic homograft replacement is also a possible option,
but is currently not favoured because of technical difﬁculties of late re-operation for valve degeneration. Aortic
valve repair or Ross procedure is another option in
selected cases where the surgeon is skilled in the technique (Table 4).

Aortic Stenosis

sis is variable in the individual patient, but it is generally
progressive.

Symptoms
The classic symptoms of aortic stenosis are dyspnoea on
exertion, angina and syncope. Symptoms are gradual in
onset, but are usually slowly progressive over time, especially if there is associated mitral valve disease.

Natural History

Examination

RHD is an uncommon cause of aortic stenosis. Isolated
aortic stenosis is a very rare manifestation of RHD.73,74
It almost always occurs in the presence of associated
rheumatic mitral valve disease. As with rheumatic mitral
stenosis, aortic stenosis results from progressive ﬁbrosis
and commissural fusion of valve cusps with eventual calciﬁcation. The obstruction to the LV outﬂow tract results
in a signiﬁcant systolic gradient between the left ventricle
and aorta. A 50% reduction in aortic valve oriﬁce results
only in a small gradient across the aortic valve, but >50%
reduction results in a substantial increase in the gradient,
LV pressure overload and the development of concentric
ventricular hypertrophy to compensate for the increased
systolic wall stress. The natural history of aortic steno-

The characteristic clinical ﬁnding in aortic stenosis is
a loud, low pitched mid-systolic ejection murmur best
heard in the aortic area, radiating to the neck and the
apex.75 In patients with haemodynamically signiﬁcant aortic stenosis, useful physical signs are a slowed and reduced
carotid pulse upstroke, and the presence of a thrill in the
suprasternal notch. The murmur of aortic stenosis is sometimes difﬁcult to distinguish from mitral regurgitation.

ECG/Chest X-ray
ECG usually shows sinus rhythm and may demonstrate
voltage criteria for LV hypertrophy. Sometimes there are
secondary repolarisation abnormalities. A chest X-ray
usually shows normal heart size, unless there is associ-
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ated mitral regurgitation. Calciﬁcation of the aortic valve
may be visible in the lateral chest X-ray.

Echocardiography
Two-dimensional echocardiography demonstrates thickened and restricted aortic valve leaﬂets. Left ventricular
size and systolic function can be assessed quantitatively.
The peak and mean velocity across the aortic valve is measured by continuous wave Doppler and converted to a
gradient using the simpliﬁed Bernoulli equation of gradient = 4 × velocity2 . The aortic valve oriﬁce area can also
be calculated to help determine severity, and is especially
useful when the LV function is reduced, making the aortic gradient less reliable.45 In these circumstances an aortic
valve oriﬁce area <1.0 cm2 usually indicates severe disease.

Table 5. Key Points in Management of Rheumatic Aortic
Stenosis
Symptoms

May be asymptomatic
Exertional dyspnoea, angina,
syncope

Signs

Low-pitched, systolic ejection
murmur in aortic area

Echocardiography

Thickened, restricted aortic valve
leaﬂets
Measure peak and mean systolic
gradient from Doppler velocity
across aortic valve (4V2 )
Access left ventricular systolic
function

Cardiac catheterisation

Only to exclude coronary artery
disease
Symptoms plus mean systolic
gradient >50 mmHg or AVA
<1.0 cm2

Indications for surgery

Cardiac Catheterisation
Cardiac catheterisation is usually not needed to measure
the severity of aortic stenosis, but may be required to document coronary artery disease if anginal symptoms are
disproportionate to the severity of aortic stenosis. Coronary angiography should also be considered in Aboriginal
and Torres Strait Islander patients 30 years or older, due
to the high incidence of premature coronary artery disease in this population group. If there is uncertainty about
the Doppler-derived gradients, it is important to measure
the trans-valvular aortic gradient at the time of cardiac
catheterisation and calculate the aortic oriﬁce area.

Medical Management
Patients usually do not become symptomatic until a moderate or severe systolic gradient develops (mean gradient
>40–50 mmHg). Initially, symptoms are exertional dyspnoea and fatigue. However, many patients may remain
asymptomatic, despite having evidence of haemodynamically signiﬁcant aortic stenosis. Once symptoms develop,
prognosis is poor without surgery.

Aortic Valvuloplasty
Percutaneous aortic valvuloplasty76 may reduce severe
aortic stenosis to moderate stenosis, but usually leaves
a signiﬁcant residual gradient. The procedure may
entail substantial morbidity and mortality, particularly in
older patients. Follow-up studies have shown that initial improvement is usually not maintained after a few
months. There is a high restenosis rate, particularly in very
deformed valves.76 Aortic valvuloplasty is now reserved
for patients who are not candidates for surgery and therefore, it has a limited application in patients with rheumatic
aortic stenosis.

Surgical Management
Aortic valve replacement is a deﬁnitive therapy for symptomatic aortic stenosis (Level III-2, Grade B). It should be
performed in all patients with signiﬁcant gradients and a
reduced valve oriﬁce (mean gradient >50 mm, aortic valve
oriﬁce <1 cm2 ), once they develop exertional symptoms.77
It should also be considered in patients with signiﬁcant LV
dysfunction but with a lower aortic gradient. Occasionally,
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Choice of surgery

Valve replacement:
Bioprosthesis or homograft
-Limited durability
-No warfarin if in sinus
rhythm
Mechanical valve
-Long-term warfarin required

Notes: AVA, aortic valve area; V, velocity.

some patients with normal LV function have a gradient
<50 mmHg and symptoms clearly due to aortic stenosis.
Aortic valve surgery involves replacement with either a
mechanical valve, a bioprosthetic valve or a homograft24
(Table 5).

Multivalvular Disease
In patients with chronic rheumatic heart disease, both
the mitral and aortic valves may be involved (e.g. aortic regurgitation and mitral stenosis or aortic and mitral
regurgitation). The management is usually that of the
dominant lesion. However, the proximal valve lesion may
modify the effects of the distal lesion—e.g. severe mitral
stenosis may prevent the development of signiﬁcant LV
dilation secondary to aortic regurgitation.
The progression of the milder valve lesion is variable.
However, an Israeli follow-up study (mean 13 ± 7 years) of
rheumatic valvular disease patients (mean age 61 years)
with mild aortic valve disease who had required mitral
valve surgery showed that in the vast majority of cases,
the aortic valve disease remained stable without disease progression.78 In younger patients, the degree of
adherence to antibiotic prophylaxis would be the major
determinant of the progression of the non-operated valve
disease.
The combination of signiﬁcant mitral and aortic regurgitation is a surgical challenge79 and carries a high risk of
ventricular dysfunction.
Surgical intervention is indicated at the onset of
symptoms, or if LV dysfunction is identiﬁed by echocardiography. The preferred surgery for Aboriginal and Torres
Strait Islander patients would depend on the likelihood
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of maintaining optimal anticoagulation. If signiﬁcant difﬁculties are anticipated the preferred surgery would be
mitral valve repair, accompanied by aortic valve repair or
bioprosthetic aortic replacement to minimise the likelihood of the need for long-term anticoagulation.

Pregnancy in Patients with Rheumatic Heart
Disease
Normal pregnancy is associated with a 20–100% increase
in blood volume, reduction in systemic vascular resistance and corresponding increase in cardiac output. These
changes begin during the ﬁrst trimester, peaking at 28–30
weeks of pregnancy and are then sustained until term. The
increase in blood volume is associated with an increase
in heart rate by 10–15 beats per minute. Because of
the hyperdynamic circulation, innocent, soft mid-systolic
murmurs are common during pregnancy, particularly
along the left sternal border. These circulatory changes
of pregnancy will exacerbate any pre-existing valvular
disease. Sometimes RHD, especially mitral stenosis, is
ﬁrst diagnosed during pregnancy, through the detection of a heart murmur or the development of heart
failure.80
Ideally, patients with known rheumatic valvular disease should be properly assessed before pregnancy. This
should include a full history and examination, with functional assessment and a detailed echocardiographic study.
If patients are already symptomatic due to signiﬁcant
rheumatic valvular disease, serious consideration should
be given to interventional therapy or surgery prior to pregnancy, to avoid life-threatening complications which may
occur in these patients. In patients with moderate or severe
mitral stenosis (oriﬁce area <1.5 cm2 ), PBMV should be
considered, even for the asymptomatic or mildly symptomatic woman, because of the high risk of maternal and
foetal complications during pregnancy.

Risk Factors
The predictors of increased maternal and foetal risk in
the pregnant patient with rheumatic valvular disease are
(1) reduced LV systolic function, (2) signiﬁcant aortic or
mitral stenosis, (3) moderate or severe pulmonary hypertension, (4) a history of heart failure, and (5) symptomatic
valvular disease before pregnancy.80 During pregnancy,
women with valvular heart disease should have serial
cardiac evaluations, the frequency of which is determined by the severity of disease. Women with severe
disease may require specialist clinical evaluation every
2–3 weeks after 20 weeks gestation. Whenever there is a
change in symptoms, maternal cardiac status should be
reviewed. A multidisciplinary approach to management
is an important principle for care of the pregnant patient
with rheumatic valvular disease.

Mitral/Aortic Regurgitation
In general, pregnancy is well-tolerated in patients
with moderate or severe valvular regurgitation.81,82 The
increase in blood volume and cardiac output in pregnancy
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increases LV volume overload, but the decrease in systemic vascular resistance partly compensates for this.
Some patients may develop congestive heart failure,
especially during the third trimester. These patients
may need diuretics and vasodilator therapy. Angiotensin
receptor antagonists and ACE inhibitors are contraindicated during pregnancy. Therefore hydralazine and
nitrates, or dihydropyridine calcium channel blockers
(e.g. nifedipine), should be used if vasodilator therapy is
needed (Level IV, Grade C).
Vaginal delivery is usually possible in most patients with
congestive heart failure controlled with medication. Every
effort should be made to avoid cardiac valve surgery during pregnancy because of the high risk of foetal loss.

Mitral Stenosis
Mitral stenosis is the most commonly encountered valvular lesion in pregnancy.31,82 The increase in blood volume
and cardiac output causes a signiﬁcant increase in the
mitral valve gradient, especially during the second and
third trimesters. Pregnancy-associated tachycardia may
also shorten diastolic ﬁlling and accentuate the gradient.
In patients with moderate or severe mitral stenosis (mitral
valve oriﬁce <1.5 cm2 ) symptoms of heart failure, including breathlessness due to pulmonary oedema, frequently
develop.
In patients with mild or moderate symptoms during
pregnancy, medical therapy with diuretics, digoxin and/or
beta-blockers to slow heart rate is usually sufﬁcient to
provide symptomatic relief. Development of atrial ﬁbrillation with a rapid ventricular rate requires initial rate
control with the use of beta-blockers (e.g. metoprolol) and
digoxin. A higher dose of digoxin is usually required in
pregnancy (e.g. 250 mcg bd). Diltiazem should be avoided.
Cardioversion should be considered if the patient remains
symptomatic, or if rate control is inadequate.
If the patient remains symptomatic despite medical
therapy, there is signiﬁcant risk to both mother and foetus,
and relief of mitral stenosis is usually required. Patients
with NYHA Class III or IV symptoms with a mitral valve
oriﬁce of <1.0–1.5 cm2 , suitable valve characteristics and
no atrial thrombus should undergo PBMV83,84 at the end
of the second trimester or the beginning of the third. The
safety of this procedure in pregnancy has been well established in more than 250 patients.85 Cardiac surgery should
be avoided because of the 30% foetal loss that occurs with
cardiopulmonary bypass.83 There is a small risk of traumatic mitral regurgitation resulting from PBMV, but this
can usually be managed medically, without the need for
surgery until after pregnancy.
In patients with mitral stenosis, vaginal delivery is the
usual approach, with the use of assisted delivery devices
during the second stage to avoid the need for pushing and shorten the second stage. Severe mitral stenosis
with severe pulmonary hypertension is associated with
increased maternal and foetal risk during labour. This situation requires multidisciplinary team care and carefully
planned delivery, usually by elective caesarean section
with invasive haemodynamic monitoring.
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Aortic Stenosis
Severe rheumatic aortic stenosis in pregnancy is far less
common than mitral stenosis. Suspected aortic stenosis
should be accurately assessed by Doppler echocardiography. Most patients with mild or moderate aortic stenosis
can usually be safely followed during pregnancy. Rare
cases with severe aortic stenosis (gradient over 50 mmHg
and/or valve oriﬁce <1.0 cm2 ) are at signiﬁcant risk of
adverse maternal and foetal outcomes. In experienced
centres, severely symptomatic patients can have percutaneous balloon aortic valvuloplasty in order to avoid the
risks of cardiac surgery.

Prosthetic Heart Valves in Pregnancy
In the childbearing age group, tissue valves have the major
advantage of not requiring anticoagulation if the patient is
in sinus rhythm. However, the vast majority of patients will
require re-operation later in life because of structural valve
degeneration. The choice of valve prosthesis in the childbearing age group requires careful judgement of the need
for later re-operation weighed against the hazards of anticoagulation in pregnancy required for mechanical prostheses. There are also some reports of accelerated structural valve degeneration of bioprosthetic valves during
pregnancy but his has not been conﬁrmed in other studies. Most patients with normally functioning prosthetic
valves who are asymptomatic or only mildly symptomatic
tolerate the haemodynamic changes of pregnancy well.
However, heart failure may develop, especially if LV function is already impaired. Treatment of symptomatic heart
failure requires digoxin, diuretics, hydralazine, nitrates
and beta-blockers. ACE inhibitors and angiotensin antagonists are contraindicated in pregnancy.

Mechanical Prosthetic Valves: Management of
Anticoagulation Therapy
Pregnant women with mechanical valves are a very
high-risk group in whom all anticoagulation options
pose maternal and/or foetal risks.85–90 Therefore,
patients with mechanical prosthetic valves should be
given appropriate contraceptive advice and counselled
about the risks to mother and foetus with pregnancy
(Grade D).
The high risk is due to the hypercoagulable state that
exists throughout pregnancy and the adverse effects of
anticoagulation on mother and foetus. Warfarin crosses
the placenta, increasing the risk of early abortion, embryopathy and late foetal loss. Both unfractionated and low
molecular weight heparin do not cross the placenta, and
have been suggested as alternatives to warfarin during pregnancy.91,92 However, the rate of prosthetic valve
thrombosis in patients treated with heparin has been
reported as high as 20%.86,93 The risk of maternal thromboembolism and maternal death also more than double
in the ﬁrst trimester with the use of heparin, especially
when more aggressive therapeutic anticoagulation must
be used with older generation mechanical valves, such as
caged ball or tilting disc in the mitral position.93 Most
of the reported cases of heparin-associated prosthetic
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valve thrombosis occurred with older generation prosthetic valves (e.g. caged ball) often with unmonitored low
molecular weight heparin or inadequate levels of anticoagulation with unfractionated heparin.89 Therefore if
heparin (usually low molecular weight heparin) is used, it
is essential that anticoagulation levels be regularly monitored with measurement of antifactor Xa (anti-Xa) levels.
Anti-Xa monitoring may be difﬁcult to obtain outside an
urban environment. The addition of low-dose aspirin to
heparin may reduce the risk of valve thrombosis.
The problems with heparin have led to the use of
warfarin in pregnancy, especially in higher thrombotic
risk patients with ﬁrst generation mechanical valves in
the mitral position, atrial ﬁbrillation or a history of
thromboembolism. Warfarin use in pregnancy is more
efﬁcacious in preventing valve thrombosis, but is associated with a high rate of foetal loss (up to 30%) and warfarin
embryopathy (approximately 5–29%).86 The risk of embryopathy is greatest during the ﬁrst trimester, especially
between 6 and 12 weeks. This has led to a recommendation of using low molecular weight heparin for the
ﬁrst trimester to avoid the risk of embryopathy and then
switching to warfarin until the 36th week of pregnancy.
However, there is recent evidence that if the warfarin dose
can be ≤5 mg, the risk of foetal loss or embryopathy is
low.81 This is usually possible with lower risk bi-leaﬂet
prostheses in the aortic position where an INR of 2.0–3.0
is usually adequate.
It is important that the choice of anticoagulant regimens
be fully discussed with the pregnant patient and family,
preferably before pregnancy and certainly early in the ﬁrst
trimester. After the patient agrees to the use of an anticoagulant regimen, written consent should be obtained, or the
decision fully documented in the patient’s health record
(Grade D).

Recommendations for Anticoagulation in Pregnancy in
Patients with Mechanical Valves
There is limited published data available on anticoagulant options and no randomised comparative studies have
been or are likely to be performed. There is a choice of
three different anticoagulant regimens during pregnancy
for patients with mechanical prostheses (Level IV, Grade
C).86,89
1. LOW MOLECULAR WEIGHT HEPARIN (LMWH) THROUGHOUT
PREGNANCY.

Weight-adjusted dose LMWH throughout pregnancy,
administered subcutaneously every 12 h with anti-Xa
monitoring.
The dose must be adjusted to maintain a trough (predose) level of anti-Xa heparin level of 0.6 U/ml in cases
at lower risk (aortic valve prosthesis) and at 0.7 U/ml
in higher risk patients (older generation prosthetic
valve in mitral position). Peak levels should not exceed
1.5 U/ml. Anti-Xa levels should be measured every
2 weeks.
The addition of low dose aspirin daily (75–100 mg) may
add additional antithrombotic efﬁcacy.
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LMWH ceased 36 h before delivery or at onset of
labour. Unfractionated heparin used until onset of
labour.

2. LMWH/WARFARIN.

LMWH as above up to 13 weeks of gestation with monitoring of anti Xa levels as above.
Warfarin for weeks 13–36.
Switch to LMWH or intravenous unfractionated heparin
at 36 weeks of gestation.
Addition of low dose aspirin (75–100 mg) may add additional antithrombotic efﬁcacy.
Reversal of warfarin with vitamin K and caesarean section
if onset of labour prior to cessation of warfarin.
LMWH—should be ceased 36 h before elective delivery or at onset of labour and UFH used until onset of
labour.

3.

WARFARIN

THROUGHOUT

PREGNANCY

(ESPECIALLY

OLDER

PROSTHESES).

Maintain target INR with as low a dose of warfarin as
possible.
Switch to LMWH or UFH at 36 weeks because about 30%
of patients have premature labour.
Addition of low-dose aspirin daily (75–100 mg) may add
additional antithrombotic efﬁcacy.
Reversal of warfarin with vitamin K and caesarean section
if onset of labour prior to cessation of warfarin.
LMWH ceased 36 h before delivery or at onset of labour.
UFH used until onset of labour.
Because of risk of prosthetic thrombosis with heparin
and the difﬁculty in obtaining anti-Xa monitoring, the
European Society of Cardiology has recently strongly
recommended regimen 3 as the preferred anticoagulation approach in patients with mechanical prosthetic

Table 6. Key Points in Management of Pregnancy in Patients with Chronic Rheumatic Heart Disease
Blood volume increases 20–100%
Will exacerbate any pre-existing rheumatic valvular heart disease
Factors that put pregnancy and mother at increased risk

Decreased left ventricular systolic function
Signiﬁcant aortic and mitral stenosis
Pulmonary hypertension
Heart failure
Symptoms before pregnancy

Cardiac assessment

Early comprehensive assessment with echocardiography to assess
valves and left ventricular function
Plan multidisciplinary management

Mitral/aortic regurgitation

Usually well tolerated
Treat medically with diuretics, vasodilators (no ACE
inhibitors/angiotensin II receptor blockers) for heart failure

Mitral stenosis

Mild to moderate mitral stenosis—manage medically
Moderate to severe mitral stenosis (MVA < 1.5 cm2 )—consider
percutaneous balloon mitral valvuloplasty during late second
trimester if patient remains symptomatic and PAS pressure
>50 mmHg.
Beta-blockers, digoxin for rate control of atrial ﬁbrillation

Aortic stenosis (rare)

Mild to moderate well tolerated.
Diuretics for heart failure
Beta-blockers, digoxin for rate control of atrial ﬁbrillation
Avoid cardiac surgery, as high risk of foetal loss

Mechanical/prosthetic valves and anticoagulation in pregnancy

High maternal and foetal risk
Risk of warfarin embryopathy in ﬁrst trimester
Embryopathy may be avoided if warfarin dose ≤5 mg

Choice of three antithrombotic regimens

1. LMWH throughout pregnancy, weight adjusted dose with
anti-Xa level monitoring
2. Warfarin throughout pregnancy if can keep warfarin ≤5 mg, e.g.
INR 2.0–3.0 in aortic prosthesis, sinus rhythm; change to LMWH
of UFH at 36 weeks
3. LMWH until 13 weeks and then warfarin and aspirin until 36
weeks; change to LMWH or UFH until labour. Monitor anti-Xa
levels with LMWH

Labour

Haemodynamic monitoring—non invasive if mild to moderate
valve disease
Antibiotic prophylaxis if prolonged labour and/or ruptured
membranes
Aim for short second stage, multidisciplinary management
Approach with low threshold for obstetric intervention

Notes: Anti-Xa, anti-factor Xa; AVA, aortic valve areas; INR, international normalised ratio; LMWH, low molecular weight heparin; MVA, mitral valve
area; PAS, pulmonary artery systolic; UFH, unfractionated heparin.
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valves—i.e. warfarin throughout pregnancy until the 36th
week.94

Management of Delivery
Patients on low molecular weight heparin at the end of
pregnancy should be switched to unfractionated heparin
at least 36 h prior to elective delivery in the 38th week.
Patients receiving warfarin should be switched to heparin at 36 weeks, since about 30% experience premature
labour.88 Labour is induced and IV heparin ceased once
labour is established, or 4–6 h before caesarean section,
and resumed 6–12 h after delivery. Vaginal delivery is recommended if the patient is not on warfarin at the onset
of labour and there is no signiﬁcant prosthetic dysfunction or other signiﬁcant cardiac disease. Careful titration
of the IV heparin over the ﬁrst 3–4 days postpartum
is necessary, particularly following caesarean section, to
avoid major bleeding. Warfarin is recommenced 24–48 h
after delivery, and the heparin ceased once INR is
over 2. Breastfeeding can be encouraged in women taking anticoagulants, as heparin is not secreted in breast
milk and the amount of warfarin in breast milk is low
(Grade C).

Endocarditis Prophylaxis
Patients with prosthetic valves or with a history of
infective endocarditis are at higher risk and therefore should receive prophylactic antibiotics prior to
delivery.89 The role of prophylactic antibiotics at the
time of delivery in patients with valvular heart disease is controversial. Recent reports have suggested a
higher rate of bacteraemia than previously thought. This,
together with the seriousness of endocarditis in the
peripartum period, has led to some major centres recommending prophylactic antibiotics for all patients with
valvular heart disease having a vaginal or abdominal
delivery.82 However, antibiotics are certainly recommended if labour is prolonged or if there is premature
rupture of the membranes. The recommended regime
is ampicillin 2.0 g IV plus gentamycin (1.5 mg/kg not to
exceed 120 mg) given at the start of labour or within
30 min of caesarean section. A second dose of IV ampicillin or oral amoxicillin should be given 6 h later
(Table 6).
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