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ALVULAR HEART DISEASE poses many
challenges, the most vital and perhaps

most difficult of which is how to determine the
optimal time for surgery.

Performed too soon, surgery needlessly
exposes a patient to operative risks. On the
other hand, inappropriate delay may lead to
irreparable cardiac damage and worse long-
term outcome. Therefore, the physician must
carefully analyze the available data and weigh
the risks inherent in surgery vs a conservative
approach of close observation.

The decision to proceed with surgery may
be relatively straightforward in patients with
symptoms of severe valvular disease, particu-
larly valvular stenosis. However, it is far less
clear-cut for patients with severe but asympto-
matic defects, or those with severe symptoms
but only mild-to-moderate defects.

Guidelines provide a general framework
within which to make decisions, but each case
requires a tailored approach, taking into
account the patient’s general medical condi-
tion, his or her wishes, the level of complexity,
and the challenges posed by each of the vari-
ous valvular defects.

■ AORTIC STENOSIS:
SYMPTOMS ARE CRUCIAL

Aortic stenosis is the most common valvular
abnormality. Most cases are due to calcific
degeneration of either a normal trileaflet or a
congenitally bicuspid aortic valve.

Typically, there is a long asymptomatic
period of progressive valvular narrowing. The
hallmark symptoms of angina, dyspnea, and
syncope generally do not appear until the
valve orifice has become significantly nar-
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■ ABSTRACT

In patients with valve disease, operating too soon
exposes them to unnecessary surgical risk, but waiting
too long may lead to cardiac damage and poor outcome.
When to refer a patient for surgery depends on which
valve is involved, the type of defect (stenosis or
regurgitation), the degree of the defect, and the degree of
symptoms or functional impairment.

■ KEY POINTS

Patients with aortic stenosis should be referred for valve
replacement at the onset of symptoms. Other indications
include left ventricular dysfunction or plans for other
major surgery.

Patients with chronic aortic regurgitation need valve
replacement at the onset of symptoms, decreased
ejection fraction, or severe left ventricular dilatation.

Patients with mitral stenosis should be considered for
intervention when they have moderate symptoms or
when stenosis becomes more severe (mitral valve area
< 1.5 cm2). Mitral stenosis can be treated effectively by
percutaneous balloon valvotomy in many patients.

Patients with chronic mitral regurgitation should be
referred for surgery before left ventricular dysfunction
develops (ejection fraction < 60%). Patients with flail
leaflets may benefit from earlier intervention.

Patients with severe tricuspid regurgitation need referral
for surgery when they have symptoms and peripheral
edema.
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rowed; therefore, the onset of symptoms is
critical in deciding to proceed with surgery.

When aortic stenosis is severe, the valve
can rarely be repaired. In this situation it is
necessary to insert a mechanical valve, a
homograft, an autograft, or a bioprosthesis.

Symptomatic aortic stenosis
Untreated, symptomatic aortic stenosis
reduces survival: patients with angina due to
aortic stenosis have a 50% mortality rate at 5
years, and those with associated heart failure
survive an average of less than 2 years.1–3

The American College of Cardiology (ACC)
and the American Heart Association
(AHA) recommend prompt referral for aor-
tic valve replacement at the onset of symp-
toms (TABLE 1).4

Asymptomatic aortic stenosis
Asymptomatic aortic stenosis usually mani-
fests itself as a typical systolic murmur found
during a routine physical examination.
Patients with asymptomatic aortic stenosis
have a low risk of cardiac death. Studies sug-
gest that when sudden death occurs in an
“asymptomatic” patient, a careful review of
the history often reveals a prior insidious
onset of symptoms. Prospective studies are
under way to determine if this is in fact the
case.5

Patients should be educated about typical
symptoms and told to report them should they
develop. They should also be advised of the
indications for antibiotic prophylaxis to pre-
vent bacterial endocarditis.6

Echocardiographic studies provide infor-

Symptoms of
aortic valve
stenosis—
angina,
dyspnea, and
syncope—
appear late in
its course
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Indications for aortic valve replacement in aortic stenosis

Class 1
Conditions for which there is evidence or general agreement that the procedure is useful and effective

Symptomatic, severe aortic stenosis
Severe aortic stenosis in patients undergoing coronary artery bypass grafting
Severe aortic stenosis in patients undergoing surgery on the aorta or other heart valves

Class 2
Conditions for which there is conflicting evidence or divergence of opinion about the usefulness
or efficacy of the procedure

2a
Weight of evidence or opinion is in favor of usefulness or efficacy

Moderate aortic stenosis in patients undergoing coronary artery bypass grafting or
surgery on the aorta or other heart valves

Asymptomatic but severe aortic stenosis with:
Left ventricular systolic dysfunction, or
Abnormal response to exercise (eg, hypotension)

2b
Usefulness or efficacy is less well established by evidence or opinion

Asymptomatic but severe aortic stenosis and:
Ventricular tachycardia
Marked or excessive left ventricular hypertrophy (≥ 15 mm)
Valve area < 0.6 cm2

Class 3
Conditions for which there is evidence or general agreement that the procedure is not useful
and in some cases may be harmful

Prevention of sudden death in patients with no symptoms and none of the indications above

ADAPTED FROM BONOW RO, CARABELLO B, DE LEON AC, ET AL. ACC/AHA GUIDELINES FOR THE MANAGEMENT OF PATIENTS WITH VALVULAR
HEART DISEASE. EXECUTIVE SUMMARY. A REPORT OF THE AMERICAN COLLEGE OF CARDIOLOGY/AMERICAN HEART ASSOCIATION TASK FORCE ON
PRACTICE GUIDELINES (COMMITTEE ON MANAGEMENT OF PATIENTS WITH VALVULAR HEART DISEASE). J AM COLL CARDIOL 1998; 32:1486–1588.
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mation about the severity of the stenosis
before symptoms develop. Symptoms rarely
occur7 until the aortic valve area is less than
1.0 cm2. Although stenosis progresses at dif-
ferent rates in different patients, the average
reduction in area is 0.12 cm2 per year. A
severely calcified valve or a rapid rise in
valvular gradient also indicates faster progres-
sion and worse outcome.8

Continuous-wave Doppler echocardiogra-
phy, which measures aortic jet velocity, helps
identify patients most likely to develop symp-
toms in the near future. Patients with a high
aortic jet velocity (> 4.0 m/s) are more likely
to develop symptoms over the ensuing 3 years
than those with a lower jet velocity (< 3.0
m/s).7

Follow-up is key. The ACC/AHA guide-
lines recommend annual office visits for
patients with asymptomatic aortic stenosis
that is mild (valve area > 1.5 cm2), and office
visits every 6 months for those with stenosis
that is moderate (valve area 1.0–1.5 cm2). If
the patient’s clinical status does not change,
repeat echocardiography is recommended
every 5 years for mild aortic stenosis and every
2 years for moderate stenosis.9 Annual
echocardiography may be reasonable, howev-
er, in older patients, particularly those with
risk factors for more rapid progression, such as
diabetes, coronary artery disease, hyperlipi-
demia, or hypertension.

Frequent follow-up (at least every 6
months) is extremely important for patients
with aortic stenosis that is severe but asymp-
tomatic. They should be questioned inten-
sively at each visit about symptoms and be
referred for valve replacement promptly when
symptoms develop.

Exercise echocardiography may be useful
in excluding severe limitation of functional
capacity if this is suspected on the basis of the
patient’s physical state. Although exercise
testing poses a potential risk in aortic stenosis,
there are now considerable data to suggest that
the risk is low in patients without symptoms.

Surgery for asymptomatic aortic stenosis
is controversial. In patients who truly have
no symptoms in spite of critical aortic stenosis
(valve area < 0.7 cm2), watchful waiting is
usually considered the strategy of choice.
However, there are specific situations in

which surgery is indicated, even in asympto-
matic patients.

Patients with moderate aortic stenosis
who require cardiac surgery for another reason
should be considered for concomitant aortic
valve replacement. This is particularly true for
patients who have coronary artery disease, a
risk factor for faster progression of aortic
stenosis (TABLE 1).10

Surgery is indicated for patients with
severe aortic stenosis who have left ventricu-
lar dysfunction attributable to aortic stenosis
or an abnormal response to exercise or who
require a major noncardiac surgical procedure.
There is considerable disagreement over
whether severe left ventricular hypertrophy
(> 15 mm) or ventricular tachycardia is an
appropriate indication for surgery in the
absence of symptoms. Increasing evidence
suggests that calcification of the valve and
rapid increase in valve gradient are associated
with a worse outcome in aortic stenosis. We
now believe that surgery is indicated in older
patients (> 60 years) with these indications
who have severe aortic stenosis in the absence
of symptoms.

Percutaneous balloon aortic valvotomy
was initially seen as a less-invasive alternative
to aortic valve replacement, particularly for
patients for whom surgery would be risky. The
procedure, performed in a cardiac catheteriza-
tion laboratory, involves placing a dilating
balloon across the stenotic aortic valve.

Although effective in children and ado-
lescents, the procedure has largely been aban-
doned in adults, owing to an unacceptably
high complication rate during the procedure
and poor long-term efficacy.3,11 In rare
instances, it may be considered as a palliative
measure or as a bridge to surgery in a critical-
ly ill patient who may later be well enough for
valve replacement.

Statin therapy may slow the progression
of aortic stenosis, according to retrospective
studies. Prospective studies are now underway
to evaluate this.12

■ AORTIC REGURGITATION

Aortic regurgitation arises from diseases of the
aortic root, the aortic valve, or both, which
result in poor coaptation or incompetence of
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Management strategy for chronic severe aortic regurgitation

Chronic severe aortic regurgitation

Reevaluation 
Clinical evaluation and echocardiography

No Yes Yes No or initial Normal Abnormal
study

ADAPTED FROM BONOW RO, CARABELLO B, DE LEON AC, ET AL. ACC/AHA GUIDELINES FOR THE MANAGEMENT OF PATIENTS WITH VALVULAR
HEART DISEASE. EXECUTIVE SUMMARY. A REPORT OF THE AMERICAN COLLEGE OF CARDIOLOGY/AMERICAN HEART ASSOCIATION TASK FORCE

ON PRACTICE GUIDELINES (COMMITTEE ON MANAGEMENT OF PATIENTS WITH VALVULAR HEART DISEASE).
J AM COLL CARDIOL 1998; 32:1486–1588.

FIGURE 1

Clinical
evaluation
every 6–12
months,
echocardiography
every 12 months

Reevaluate
at 3 months

Clinical
evaluation
every 6
months,
echocardiography
every 12 months

Reevaluate
at 3 months

End-systolic dimension
< 45 mm or
end-diastolic dimension
< 60 mm

End-systolic dimension
45–50 mm or
end-diastolic dimension
60–70 mm

End-systolic dimension
50–55 mm or
end-diastolic dimension
70–75 mm

End-systolic dimension
> 55 mm or
end-diastolic dimension
> 75 mm

No symptoms Equivocal symptoms Definite symptoms

Normal ejection fraction Borderline or uncertain Subnormal ejection fraction
ejection fraction

Initial examination? Stable? Consider hemodynamic
response to exercise

Exercise test

No symptoms Symptoms

Echocardiography to measure
left ventricular function

Radionuclide ventriculography

Left ventricular dimensions

Clinical evaluation
every 6 months,
echocardiography
every 6 months

Aortic valve
replacement
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the aortic valve leaflets. It causes volume
overload of the left ventricle.

Acute aortic regurgitation
requires immediate surgery
Acute aortic regurgitation is usually caused by
infective endocarditis, aortic dissection, or
aortic trauma. The left ventricle cannot com-
pensate for the increased volume, and patients
typically present in extremis with pulmonary
edema and heart failure.

Acute aortic regurgitation must be treated
surgically without delay. Endocarditis—the
most common cause of acute aortic regurgita-
tion—is not a contraindication for surgery, as
the risk of death without surgery outweighs
the risk of developing prosthetic valve endo-
carditis after surgery.13

Chronic aortic regurgitation
has a long asymptomatic period
In contrast to acute aortic regurgitation,
chronic disease causes a gradual increase in
both preload and afterload (due to increased
stroke volume), while the left ventricle hyper-
trophies and dilates to compensate for the
increased pressure and volume.14 Because of
these compensatory mechanisms, patients
with chronic disease typically have a long
asymptomatic period with preserved left ven-
tricular function.

Patients with chronic mild-to-moderate
regurgitation and normal left ventricular
function are at low risk and are not candidates
for aortic valve replacement. Appropriate fol-
low-up consists of an annual history and phys-
ical examination and echocardiography every
2 to 3 years.

Patients with severe regurgitation are at
high risk, however, and must be evaluated
often for symptoms or evidence of left ven-
tricular dysfunction.4 Typical symptoms
include dyspnea, orthopnea, and paroxysmal
nocturnal dyspnea. Angina is also common,
even in the absence of coronary artery disease,
due to afterload mismatch, ie, the inability of
the coronary arteries to adequately supply the
excessively increased cardiac muscle mass that
is typical of this condition.15 Patients who
develop symptoms or evidence of left ventric-
ular impairment should be referred promptly
for valve replacement (FIGURE 1).

Symptomatic chronic aortic regurgitation
with normal left ventricular function
As a general rule, all patients with severe aor-
tic regurgitation, normal left ventricular func-
tion (ejection fraction > 50%), and symptoms
(regardless of severity) warrant consideration
for valve replacement (FIGURE 1).

Patients with moderate or severe symp-
toms (New York Heart Association [NYHA]
functional class 3 or 4) clearly have a survival
benefit with aortic valve replacement.16,17

On the other hand, patients with severe
disease whose symptoms are vague, nonspecif-
ic, or mild (NYHA class 2) present a manage-
ment dilemma. According to the ACC/AHA
guidelines, objective evidence of decreased
exercise tolerance, left ventricular dilatation,
or decreasing ejection fraction (even if in the
normal range) constitute a class 1 indication
for aortic valve replacement. Without such
supporting data, valve replacement is consid-
ered a class 2a indication: ie, there is conflict-
ing evidence as to whether replacement is ben-
eficial, but most experts agree it is justified.4

Symptomatic chronic aortic regurgitation
with decreased left ventricular function
Patients with symptoms of aortic regurgitation
and decreased left ventricular function need
prompt referral for valve replacement. A
patient’s preoperative condition largely deter-
mines the outcome after valve replacement,
so timing is critical.

The poorer the preoperative left ventricu-
lar function, the worse the prognosis in terms
of postoperative left ventricular function,
incidence of congestive heart failure, and sur-
vival.18–22 Also, patients with severe symp-
toms have a poorer prognosis than those with
mild symptoms for any given degree of preop-
erative left ventricular dysfunction.23,24 In
addition, the longer the duration of preopera-
tive left ventricular impairment, the poorer
the chances of left ventricular recovery fol-
lowing valve replacement.22,25 These findings
highlight the importance of close follow-up
for patients with severe aortic regurgitation.

Even high-risk patients who have severe
aortic regurgitation, advanced symptoms, and
markedly reduced left ventricular systolic
function should be considered for valve
replacement. Although these patients have a

Acute severe
aortic
regurgitation
must be treated
surgically
without delay
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higher risk of surgical complications and
death, most experts agree that surgery offers a
better long-term prognosis than does long-
term medical management.4

Severe but asymptomatic
aortic regurgitation
Patients with aortic regurgitation that is
severe but asymptomatic must be evaluated for
evidence of left ventricular dilatation or sys-
tolic dysfunction.

Normal left ventricle—low risk. Patients
with normal left ventricular function and
dimensions are at low risk. In seven studies,4
the annual mortality rate was less than 0.2%,
the annual rate of progression to symptomatic
left ventricular systolic dysfunction 4.3%, and
the annual rate of asymptomatic progression
to left ventricular systolic dysfunction 1.3%.

The ACC/AHA guidelines recommend
that patients with severe asymptomatic aortic
regurgitation, normal left ventricular dimen-
sions, and normal left ventricular systolic
function undergo clinical follow-up visits
every 6 to 12 months and echocardiography
annually.4 As for all patients with valvular
lesions, doctors should emphasize the need for
antibiotic prophylaxis and recognition of
symptoms related to their condition.

Patients who develop equivocal symptoms
should undergo stress testing to unmask
underlying functional impairment. Exercise
testing is useful but less clear-cut for aortic
regurgitation than for other valve lesions:
afterload may increase dramatically, so a mod-
est (< 10%) reduction in left ventricular ejec-
tion fraction may not indicate that surgery is
needed. The time is right for valve replace-
ment, however, if the ejection fraction or
exercise capacity declines more significantly,
especially if declines occur serially (FIGURE 1).

Left ventricular dilatation increases risk
Patients with asymptomatic severe aortic
regurgitation and significant left ventricular
dilatation (left ventricular end-systolic diame-
ter > 50 mm and left ventricular end-diastolic
diameter > 70 mm) are at higher risk: the rate
of progression to symptoms or left ventricular
systolic dysfunction is estimated to be 10% to
20% per year.16,26

These patients require more frequent fol-

low-up visits (every 4–6 months) and echocar-
diography every 6 months.4

All patients with asymptomatic severe
aortic regurgitation should be referred for
valve replacement at the onset of symptoms,
left ventricular systolic dysfunction (ejection
fraction < 55%), or significant dilatation (left
ventricular end-systolic diameter > 55 mm).4
These are merely guidelines, and exceptions
do exist: eg, many women, as well as men of
small build, may have severe left ventricular
dilatation with smaller dimensions and should
be considered for surgical intervention at less-
er degrees of ventricular dilatation.27

Vasodilators may help
There is some evidence that long-term
vasodilator therapy may delay the need for
valve replacement for patients with severe
aortic regurgitation; however, vasodilators
should not be used to postpone intervention
in those who clearly meet surgical criteria.28

■ MITRAL STENOSIS

Mitral stenosis is most commonly caused by
damage to the mitral valve from rheumatic
fever, after which there typically is a long peri-
od of asymptomatic progressive valve narrow-
ing. Symptoms at rest are rare until the mitral
valve area is less than 1.5 cm2.

Symptoms include fatigue, dyspnea,
orthopnea, and paroxysmal nocturnal dysp-
nea. These are due to increased left atrial pres-
sure and decreased cardiac output, and usually
occur in situations in which flow across the
mitral valve is increased or diastolic filling
time is decreased (eg, during exercise, preg-
nancy, or atrial fibrillation).29 In more
advanced cases, patients present with signs
and symptoms of right-sided heart failure due
to long-standing pulmonary hypertension.

Whether intervention is needed is deter-
mined by the symptoms, degree of functional
impairment, and evidence of significant pul-
monary hypertension.

Mitral stenosis can in many instances be
effectively treated nonsurgically, ie, by percu-
taneous balloon valvotomy. The choice
between a surgical vs a percutaneous approach
depends on the valvular anatomy and the
patient’s general health.

Symptoms of
chronic aortic
regurgitation:
angina,
dyspnea,
orthopnea,
paroxysmal
nocturnal
dyspnea
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Percutaneous balloon mitral valvotomy
In this procedure, a catheter is threaded from
the femoral vein into the right heart, across
into the left atrium via puncture of the atri-
al septum, and across the mitral valve. One
or more balloons are then inflated, splitting
the commissures and relieving the valvular
obstruction. In properly selected patients,
the outcome of balloon valvotomy is as good
as or better than that of surgery (FIGURE

2).30–32

Before the procedure, the valvular mor-
phology must be assessed thoroughly, particu-
larly the degree of commissural calcifica-
tion.33–35 Poor candidates have heavily calci-
fied, thickened, or noncompliant valves with
extensive subvalvular involvement. These
patients fare better with surgery (commissuro-
tomy or valve replacement).

Significant mitral regurgitation (> 2+) is
also a contraindication to the balloon proce-
dure, because regurgitation is expected to
increase by 1 grade, even if the procedure is
successful. Other contraindications include
left atrial thrombosis, severe tricuspid regurgi-
tation, and severe pulmonary hypertension,
because they increase the procedural risk and
decrease the chances of a successful long-term
outcome.

Symptomatic mitral stenosis
With advanced symptoms (NYHA class 3

or 4), patients with moderate-to-severe mitral
stenosis (mitral valve area < 1.5 cm2) have a
poor long-term prognosis without treatment
and have an ACC/AHA class 1 indication for
balloon valvotomy or surgery (FIGURE 3).4,36

A patient with advanced symptoms who
has only mild mitral stenosis (as determined
by pressure gradient) should have an exercise
stress test to determine whether the symptoms
are attributable to mitral stenosis. A signifi-
cant rise in pulmonary artery pressure (> 60
mm Hg) or transmitral gradient (> 15 mm
Hg) with exercise suggests that the mitral
stenosis is physiologically significant despite a
measurement that falls within the “mild”
range, and the patient should undergo evalua-
tion for either balloon valvotomy or surgery
(FIGURE 3).4 On the other hand, a normal exer-
cise response suggests that an alternative etiol-
ogy is responsible for the patient’s symptoms.

With mild symptoms (NYHA class 2), it
is important to determine the severity of
mitral stenosis. If the stenosis is moderate-to-
severe (mitral valve area < 1.5 cm2), then the
valve morphology should be assessed.

If the valve anatomy is favorable, then
balloon valvotomy should be considered.4 If
the anatomy precludes valvotomy, the
patient should be followed closely with serial
stress echocardiography every 6 to 12 months
(FIGURE 3).

Asymptomatic mitral stenosis
Patients with asymptomatic mild mitral steno-
sis (mitral valve area > 1.5 cm2) have an
excellent long-term prognosis, as symptoms do
not usually develop for years.29,37

Appropriate management includes an
annual history, physical examination, elec-
trocardiography, and chest radiography.
Patients should also be taught the symptoms
of mitral stenosis, signs of atrial fibrillation,
and the need for antibiotic prophylaxis.4
Echocardiography is indicated if symptoms
develop or if there is a significant change in
the physical examination.9

Managing patients with asymptomatic
moderate-to-severe mitral stenosis (mitral
valve area < 1.5 cm2) is more challenging.
Exercise stress testing may unmask symptoms
in patients who are “asymptomatic” only
because they have reduced their activity level.
Patients who develop significant symptoms
with exercise should be considered for balloon
valvotomy or surgery, depending on valve
morphology.

If stress testing does not provoke symp-
toms, but reveals evidence of pulmonary
hypertension at rest (> 50 mm Hg) or with
stress (> 60 mm Hg), the ACC/AHA guide-
lines consider this a class 2a indication for bal-
loon valvotomy (FIGURE 3).4 Most agree that the
overall risk of the procedure is less than the
risk of long-standing pulmonary hypertension
with subsequent right ventricular failure.

Atrial fibrillation and mitral stenosis
The onset of atrial fibrillation is not an indi-
cation for surgical intervention in patients
who otherwise have no symptoms.

Long-term anticoagulation therapy is
required, however, because patients with both

In mitral
regurgitation,
the ejection
fraction does
not accurately
reflect
ventricular
function
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FIGURE 2. Short-axis echocardiographic planimetry of mitral valve area before (left) and
after (right) percutaneous balloon mitral valvoplasty.

■ Percutaneous balloon mitral valvotomy
Mitral stenosis can often be treated nonsurgically, ie, by percutaneous balloon valvotomy.

A catheter is threaded
from the femoral vein
into the right heart,
across into the left atrium
via puncture of the atrial
septum, and across the
mitral valve.

One or more balloons are then
inflated, splitting the commissures
and relieving the obstruction.

In properly selected patients,
outcomes are as good as or better
than with surgery.
Contraindications:
•Heavily calcified, thickened, or

noncompliant valves with extensive
subvalvular involvement

•Significant mitral regurgitation (> 2+)
•Left atrial thrombosis
•Severe tricuspid regurgitation
•Severe pulmonary hypertension

Before After
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Management strategy for mitral stenosis
Mitral stenosis

History, physical examination Other diagnoses
Chest radiography, electrocardiography,
2D echocardiogram with Doppler

Yearly follow-up
with history,
physical
examination,
chest
radiography,
electrocardiography

PAP > 60     Yes
mm Hg
Pulmonary artery
wedge pressure
(PAWP)
≥ 25 mm Hg
Gradient > 15
mm Hg

Valve
morphology
favorable for
percutaneous
mitral balloon
valvulotomy?

PAP > 60      Yes
mm Hg

PAWP ≥ 25
mm Hg
Gradient > 15
mm Hg

Valve
morphology
favorable for
percutaneous
mitral balloon
valvulotomy?

Consider percutaneous
mitral balloon valvotomy
(exclude left atrial clot,
3+–4+ mitral regurgitation)

Consider
percutaneous
mitral balloon
valvotomy
(exclude left
atrial clot,
3+–4+ mitral
regurgitation)

Consider
percutaneous
mitral balloon
valvotomy
(exclude left atrial
clot, 3+–4+ mitral
regurgitation)

Yearly
follow-up

6-month
follow-up

Mitral valve
repair or
replacement

Look for other
etiologies

High-risk
surgical candidate

Poor exercise tolerance
or pulmonary artery
pressure > 60 mm Hg
or pulmonary artery
wedge pressure
≥ 25 mm Hg

Pulmonary
artery
pressure
(PAP)
> 50 mm Hg‡

*Because there may be variability in the measurement of mitral valve area, it is important to consider the mean transmitral gradient, pul-
monary artery wedge pressure, and pulmonary artery pressure

†There is controversy as to whether patients with severe mitral stenosis (mitral valve area < 1.0 cm2) and severe pulmonary hypertension
(pulmonary artery pressure > 60–80 mm Hg) should undergo mitral valve replacement to prevent right ventricular failure

‡Assuming no other cause for pulmonary hypertension is present
§There is controversy as to which patients with less favorable valve morphology should undergo percutaneous mitral balloon valvotomy
rather than mitral valve surgery

ADAPTED FROM BONOW RO, CARABELLO B, DE LEON AC, ET AL. ACC/AHA GUIDELINES FOR THE MANAGEMENT OF PATIENTS WITH VALVULAR HEART DISEASE. EXECUTIVE
SUMMARY. A REPORT OF THE AMERICAN COLLEGE OF CARDIOLOGY/AMERICAN HEART ASSOCIATION TASK FORCE ON PRACTICE GUIDELINES (COMMITTEE ON MANAGEMENT

OF PATIENTS WITH VALVULAR HEART DISEASE). J AM COLL CARDIOL 1998; 32:1486–1588

Mild stenosis
Mitral valve area
> 1.5 cm2

Moderate or
severe stenosis*

Mitral valve area
≤ 1.5 cm2

Yearly follow-up
with history, physi-
cal examination,
chest radiography,
electrocardiography

Valve morphology
favorable for
percutaneous
mitral balloon
valvotomy?

Asymptomatic New York Heart Association New York Heart Association
functional class 2 functional class 3 or 4

No       Yes

No             Yes No              Yes

No§ Yes

No† Yes

No†

No

No       Yes

Exercise

Exercise

Exercise

Mild stenosis
Mitral valve area
> 1.5 cm2

Moderate or
severe stenosis*

Mitral valve area
≤ 1.5 cm2

Mild stenosis
Mitral valve area
> 1.5 cm2

Moderate or severe
stenosis*

Mitral valve area
≤ 1.5 cm2

FIGURE 3
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mitral stenosis and atrial fibrillation have a
very high risk of thromboembolism. Rarely,
recurrent thromboembolism occurs despite
adequate anticoagulation in a patient with
mitral stenosis who has no other symptoms.
Such patients require surgery to increase the
mitral valve area and to tie off the left atrial
appendage, and thus reduce the risk of subse-
quent embolic events.

■ MITRAL REGURGITATION

Mitral regurgitation occurs when disease of
the valve leaflets, annular ring, or subvalvular
apparatus causes poor alignment of the valve

leaflets during systole. The regurgitant volume
leads to elevated left atrial pressures and vol-
ume overload in the left ventricle.

Acute mitral regurgitation
Acute mitral regurgitation is most often
caused by chordal rupture in mitral valve
prolapse, infective endocarditis, papillary
muscle ischemia, or rupture of the postero-
medial papillary muscle after a myocardial
infarction.

If the onset is acute, the left atrial pressure
rises rapidly, and patients typically present in
a low-output state with pulmonary edema.
Many patients need intra-aortic balloon

Management strategy for patients with chronic severe mitral regurgitation

Chronic severe mitral regurgitation
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Rest Exercise After repair

counterpulsation as a bridge to urgent mitral
valve repair or replacement. In some patients
with otherwise normal ventricles, the left ven-
tricle compensates quickly, and symptoms of
heart failure disappear rapidly without inter-
vention.

Chronic mitral regurgitation
Chronic mitral regurgitation usually has a
lengthy asymptomatic period because the left
ventricle compensates with hypertrophy and
dilatation.

The most common cause of chronic mitral
regurgitation is myxomatous degeneration of

the mitral valve leading to mitral valve pro-
lapse, but other causes include rheumatic
heart disease, mitral annular calcification,
connective tissue disease, and functional
mitral regurgitation due to ischemia or car-
diomyopathy.

Ejection fraction may be elevated. In
the asymptomatic period, preload increases
(due to left ventricular dilatation) and after-
load decreases (due to the low pressure out-
let in the left atrium). At this stage, the car-
diac output is normal and the ejection frac-
tion is above normal. The ejection fraction
does not accurately reflect ventricular func-

Exercise unmasks occult left ventricular dysfunction
in chronic mitral regurgitation

FIGURE 5. Stress echocardiography is useful in detecting occult LV dysfunction even in the
setting of normal left ventricular ejection fraction (EF) in chronic mitral regurgitation. The
top group of panels are end-systolic images of the stress echocardiogram of Patient 1,
with preserved LV systolic function. Upon exercise (middle panel), the end-systolic volume
(ESV) declines and the EF increases. After successful repair of the mitral valve, the EF
remains in the normal range. On the bottom are images from Patient 2, in whom the rest-
ing EF is normal but the end-systolic volume increases and the EF declines on exercise.
Following successful mitral valve repair, the EF is abnormal at 45%.

ESV 64 ml
EF 64%

ESV 26 ml
EF 71%

ESV 41 ml
EF 55%

ESV 35 ml
EF 45%

ESV 27 ml
EF 82%

ESV 30 ml
EF 68%

Patient 2

Patient 1

In
asymptomatic
mitral
regurgitation,
we obtain echos
every 6-12
months
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tion in this situation, however, because the
left ventricle is pumping a lot of blood into
the low-pressure left atrium rather than into
the systemic vessels (which are at a higher
pressure than the left atrium). In fact, a
“normal” ejection fraction in patients with
severe chronic mitral regurgitation indicates
that there is underlying left ventricular
impairment.38

After mitral valve repair or replacement
the ejection fraction usually decreases.39

Intervene before
left ventricular dysfunction
The preoperative left ventricular function is
the single most important predictor of postop-
erative outcome.40–43 Patients with severe
mitral regurgitation must be referred for
surgery before the left ventricle becomes
impaired, regardless of symptoms or function-
al class.

For patients with severe primary mitral
regurgitation (due to disease of the valve
alone, such as mitral valve prolapse, and not
secondary to ischemic heart disease or car-
diomyopathy), a left ventricular ejection frac-
tion of less than 60% should be considered
evidence of actual or incipient left ventricular
dysfunction, and surgical referral is appropri-
ate before this occurs (FIGURE 4).

Medical treatment with afterload reduc-
tion is indicated for most cases of secondary
mitral regurgitation.

Symptomatic mitral regurgitation
Symptomatic severe mitral regurgitation is a
class 1 indication for surgery if the baseline
left ventricular function is no more than mod-
erately reduced (ejection fraction > 30% and
left ventricular end-systolic diameter < 55
mm; FIGURE 4).4

Patients with severely reduced left ven-
tricular function (ejection fraction < 30%,
left ventricular end-systolic diameter > 55
mm) should be considered for mitral valve
surgery on a case-by-case basis. Many of
them have ischemic mitral regurgitation, and
the debate over a strategy of combined revas-
cularization with valve repair or replacement
is beyond the scope of this article. Patients
with an organic cause of mitral regurgitation
(such as mitral valve prolapse), severe left
ventricular dysfunction, and a high likeli-
hood of successful valve repair generally fare
better with surgery.4

Asymptomatic mitral regurgitation
Patients with asymptomatic severe mitral
regurgitation who have left ventricular dys-
function (ejection fraction 30%–60%) should
be referred at once for surgery (FIGURE 4).

When to refer a symptom-free patient with
severe mitral regurgitation and normal left ven-
tricular function (ejection fraction > 65%) is
more problematic. The ACC/AHA guidelines
advocate a conservative approach with fre-
quent follow-up visits and echocardiography

Before mitral valve repair After repair

FIGURE 6. Successful repair of a prolapsing anterior mitral leaflet. Severe mitral regurgita-
tion seen by transesophageal echocardiography before repair (left panel) is only a trace
after repair (right panel).

Data are
limited for
aggressive
repair of
asymptomatic
mitral
regurgitation
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every 6 to 12 months.4 Patients should be edu-
cated about antibiotic prophylaxis and the
symptoms of mitral regurgitation and atrial fib-
rillation. Serial exercise stress testing is recom-
mended to provide an objective measure of
functional capacity.

We have found that the response of the
left ventricle to stress predicts postoperative
left ventricular function better than the rest-
ing left ventricular ejection fraction does
(FIGURE 5). We perform exercise echocardiog-
raphy at 6-month to 12-month intervals and
assess the left ventricular ejection fraction
and left ventricular systolic volume at both
rest and peak exercise. Failure of the left
ventricular ejection fraction to increase or
the end-systolic volume to decrease at peak
exercise indicates early left ventricular fail-
ure, which we consider an indication for sur-
gical referral.

Other indications for surgery in the
absence of symptoms or overt left ventricular
dysfunction include (FIGURE 4):
• Significant left ventricular dilatation (left

ventricular end-systolic dimension > 4.5
cm)

• Pulmonary hypertension at rest or with
exercise (pulmonary artery systolic pres-
sure > 60 mm Hg)

• Atrial fibrillation.
Is earlier surgery beneficial? Over the

last decade, due to increasing success with
valve repair and a decline in surgical mor-
bidity and mortality, many experts have
advocated earlier surgical intervention in
asymptomatic patients with normal left ven-
tricular function and dimensions. Data to
support this aggressive strategy are limited,
however.

Studies of early intervention suggest some
benefit for patients who have a flail mitral
leaflet. Two single-center retrospective studies
of patients with asymptomatic mitral regurgi-
tation due to a flail leaflet demonstrated
improved long-term outcomes after early
surgery.44,45

However, a flail leaflet does not always
lead to severe mitral regurgitation. In the
absence of severe regurgitation, we recom-
mend watchful waiting with serial clinical
evaluations and stress echocardiography. If
significant mitral regurgitation is confirmed

by Doppler echocardiography and left heart
enlargement on echocardiography, then
elective surgery seems reasonable, even in
asymptomatic patients without serious co-
morbidities, as long as the valve seems likely
to be repaired. This strategy has not yet been
endorsed in the ACC/AHA guidelines. In
all causes of mitral regurgitation, repair
when feasible is preferable to valve replace-
ment, as left ventricular function is better
preserved with repair than with replacement
(FIGURE 6).

■ TRICUSPID REGURGITATION

Tricuspid regurgitation occurs most commonly
as a response to right ventricular dilatation
and tricuspid annular enlargement in pul-
monary hypertension or right ventricular dys-
function. This scenario is common in patients
with severe mitral valve disease.

Therefore, patients who are undergoing
surgery for mitral valve disease should also
have tricuspid valve surgery if regurgitation is
severe. Usually a valve repair is performed,
but if a valve prosthesis is necessary, a bio-
prosthesis is favored. Mechanical prostheses
have a significant risk of thrombosis at the
tricuspid position.

Primary tricuspid regurgitation in the
absence of left-sided valve lesions is relative-
ly uncommon. However, other causes
include:
• Right-sided endocarditis
• Trauma
• Congenital heart disease (eg, Ebstein

anomaly)
• Carcinoid heart disease
• Iatrogenic damage (following percuta-

neous right ventricular biopsy).

Indications for surgery
for tricuspid regurgitation
Patients with symptomatic severe tricuspid
regurgitation with evidence of significant
right ventricular volume loading, peripheral
edema, and low output symptoms are candi-
dates for valve surgery.

The treatment of severe primary tricus-
pid regurgitation without symptoms is con-
troversial. We advocate elective surgical
intervention if there is evidence of signifi-

VALVULAR HEART DISEASE REGINELLI AND GRIFFIN
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cant right ventricular enlargement and evi-
dence of any right ventricular dysfunction in
otherwise healthy patients.

Patients with tricuspid regurgitation sec-
ondary to nonvalvular pulmonary hyperten-
sion are not usually considered surgical candi-
dates. Instead, the tricuspid regurgitation
often responds to therapeutic measures that
lower the pulmonary pressures.

■ TRICUSPID STENOSIS

Tricuspid stenosis is usually rheumatic in ori-
gin and rarely occurs in patients who have no
significant mitral valve disease. Symptomatic
tricuspid stenosis is amenable to balloon
valvotomy or to surgical commissurotomy. For
severely calcified and stenotic valves, a bio-
prosthesis is required.
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