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Preamble (Updated)

It is important that the medical profession play a significant
role in critically evaluating the use of diagnostic procedures
and therapies as they are introduced in the detection, man-
agement, or prevention of disease states. Rigorous and expert
analysis of the available data documenting the absolute and
relative benefits and risks of those procedures and therapies
can produce helpful guidelines that improve the effectiveness
of care, optimize patient outcomes, and favorably affect the
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overall cost of care by focusing resources on the most
effective strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged in
the production of such guidelines in the area of cardiovascu-
lar disease since 1980. This effort is directed by the ACC/
AHA Task Force on Practice Guidelines, whose charge is to
develop, update, or revise practice guidelines for important
cardiovascular diseases and procedures. Writing committees
are charged with the task of performing an assessment of the
evidence and acting as an independent group of authors to
develop and update written recommendations for clinical
practice.

Experts in the subject under consideration are selected from
both organizations to examine subject-specific data and write
guidelines. The process includes additional representatives from
other medical practitioner and specialty groups where appropri-
ate. Writing committees are specifically charged to perform a
formal literature review, weigh the strength of evidence for or
against a particular treatment or procedure, and include estimates
of expected health outcomes where data exist. Patient-specific
modifiers, comorbidities, and issues of patient preference that
may influence the choice of particular tests or therapies are
considered, as well as frequency of follow-up. When available,
information from studies on cost will be considered; however,
review of data on efficacy and clinical outcomes will be the
primary basis for preparing recommendations in these
guidelines.

The ACC/AHA Task Force on Practice Guidelines makes
every effort to avoid any actual, potential, or perceived
conflicts of interest that may arise as a result of an outside
relationship or personal interest of a member of the writing
committee. Specifically, all members of the writing commit-
tee and peer reviewers of the document are asked to provide
disclosure statements of all such relationships that may be
perceived as real or potential conflicts of interest. Writing
committee members are also strongly encouraged to declare a
previous relationship with industry that may be perceived as
relevant to guideline development. If a writing committee
member develops a new relationship with industry during his
or her tenure, he or she is required to notify guideline staff in
writing. The continued participation of the writing committee
member will be reviewed. These statements are reviewed by
the parent task force, reported orally to all members of the
writing panel at each meeting, and updated and reviewed by
the writing committee as changes occur. Please refer to the
methodology manual for the ACC/AHA guideline writing com-
mittees for further description and the relationships with industry
policy.'967 See Appendix 1 for a list of writing committee
member relationships with industry and Appendix 2 for a listing
of peer reviewer relationships with industry that are pertinent to
this guideline.

These practice guidelines are intended to assist healthcare
providers in clinical decision making by describing a range of
generally acceptable approaches for the diagnosis, manage-
ment, and prevention of specific diseases or conditions. See
Appendix 3 for a list of abbreviated terms used in this
guideline. These guidelines attempt to define practices that
meet the needs of most patients in most circumstances. These

ACC/AHA VHD Guidelines: 2008 Focused Update Incorporated e527

guideline recommendations reflect a consensus of expert opinion
after a thorough review of the available, current scientific
evidence and are intended to improve patient care. If these
guidelines are used as the basis for regulatory/payer decisions,
the ultimate goal is quality of care and serving the patient’s best
interests. The ultimate judgment regarding care of a particular
patient must be made by the healthcare provider and patient in
light of all of the circumstances presented by that patient. There
are circumstances in which deviations from these guidelines are
appropriate.

The current document is a republication of the “ACC/AHA
2006 Guidelines for the Management of Patients With Val-
vular Heart Disease,”!%%8 revised to incorporate individual
recommendations from a 2008 focused update,'°® which
spotlights the 2007 AHA Guidelines for Infective Endocar-
ditis Prophylaxis. For easy reference, this online-only version
denotes sections that have been updated. All members of the
2006 Valvular Heart Disease Writing Committee were in-
vited to participate in the writing group; those who agreed
were required to disclose all relationships with industry
relevant to the data under consideration,'%’ as were all peer
reviewers of the document. (See Appendixes 4 and 5 for a
listing of relationships with industry for the 2008 Focused
Update Writing Group and peer reviewers, respectively.)
Each recommendation required a confidential vote by the
writing group members before and after external review of
the document. Any writing group member with a signifi-
cant (greater than $10 000) relationship with industry
relevant to the recommendation was recused from voting
on that recommendation.

Guidelines are reviewed annually by the ACC/AHA Task
Force on Practice Guidelines and are considered current
unless they are updated or sunsetted and withdrawn from
distribution.

Sidney C. Smith, Jr., MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

1. Introduction

1.1. Evidence Review (UPDATED)

The ACC and the AHA have long been involved in the joint
development of practice guidelines designed to assist health-
care providers in the management of selected cardiovascular
disorders or the selection of certain cardiovascular proce-
dures. The determination of the disorders or procedures to
develop guidelines is based on several factors, including
importance to healthcare providers and whether there are
sufficient data from which to derive accepted guidelines. One
important category of cardiac disorders that affect a large
number of patients who require diagnostic procedures and
decisions regarding long-term management is valvular heart
disease.

During the past 2 decades, major advances have occurred
in diagnostic techniques, the understanding of natural history,
and interventional cardiology and surgical procedures for
patients with valvular heart disease. These advances have
resulted in enhanced diagnosis, more scientific selection of
patients for surgery or catheter-based intervention versus
medical management, and increased survival of patients with
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these disorders. The information base from which to make
clinical management decisions has greatly expanded in recent
years, yet in many situations, management issues remain con-
troversial or uncertain. Unlike many other forms of cardiovas-
cular disease, there is a scarcity of large-scale multicenter trials
addressing the diagnosis and treatment of patients with valvular
disease from which to derive definitive conclusions, and the
information available in the literature represents primarily the
experiences reported by single institutions in relatively small
numbers of patients.

The 1998 Committee on Management of Patients With
Valvular Heart Disease reviewed and compiled this information
base and made recommendations for diagnostic testing, treat-
ment, and physical activity. For topics for which there was an
absence of multiple randomized, controlled trials, the preferred
basis for medical decision making in clinical practice (evidence-
based medicine), the committee’s recommendations were based
on data derived from single randomized trials or nonrandomized
studies or were based on a consensus opinion of experts. The
2006 writing committee was charged with revising the guide-
lines published in 1998. The committee reviewed pertinent
publications, including abstracts, through a computerized search
of the English literature since 1998 and performed a manual
search of final articles. Special attention was devoted to identi-
fication of randomized trials published since the original docu-
ment. A complete listing of all publications covering the treat-
ment of valvular heart disease is beyond the scope of this
document; the document includes those reports that the commit-
tee believes represent the most comprehensive or convincing
data that are necessary to support its conclusions. However,
evidence tables were updated to reflect major advances over this
time period. Inaccuracies or inconsistencies present in the
original publication were identified and corrected when possible.
Recommendations provided in this document are based primar-
ily on published data. Because randomized trials are unavailable
in many facets of valvular heart disease treatment, observational
studies, and, in some areas, expert opinions form the basis for
recommendations that are offered.

All of the recommendations in this guideline revision were
converted from the tabular format used in the 1998 guideline
to a listing of recommendations that has been written in full
sentences to express a complete thought, such that a recom-
mendation, even if separated and presented apart from the rest
of the document, would still convey the full intent of the
recommendation. It is hoped that this will increase the
readers’ comprehension of the guidelines. Also, the level of
evidence, either A, B, or C, for each recommendation is now
provided.

Classification of recommendations and level of evidence
are expressed in the ACC/AHA format as follows:

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

e (lass II: Conditions for which there is conflicting evidence
and/or a divergence of opinion about the usefulness/
efficacy of a procedure or treatment.

e Class Ila: Weight of evidence/opinion is in favor of
usefulness/efficacy.

e Class IIb: Usefulness/efficacy is less well established by
evidence/opinion.

e 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.

In addition, the weight of evidence in support of the
recommendation is listed as follows:

e Level of Evidence A: Data derived from multiple random-
ized clinical trials.

e Level of Evidence B: Data derived from a single random-
ized trial or nonrandomized studies.

e Level of Evidence C: Only consensus opinion of experts,
case studies, or standard-of-care.

The schema for classification of recommendations and
level of evidence is summarized in Fig. 1, which also
illustrates how the grading system provides an estimate of the
size of the treatment effect and an estimate of the certainty of
the treatment effect.

Writing committee membership consisted of cardiovascu-
lar disease specialists and representatives of the cardiac
surgery and cardiac anesthesiology fields; both the academic
and private practice sectors were represented. The Society of
Cardiovascular Anesthesiologists assigned an official repre-
sentative to the writing committee.

1.2. Scope of the Document (UPDATED)

The guidelines attempt to deal with general issues of treat-
ment of patients with heart valve disorders, such as evaluation
of patients with heart murmurs, prevention and treatment of
endocarditis, management of valve disease in pregnancy, and
treatment of patients with concomitant coronary artery dis-
ease (CAD), as well as more specialized issues that pertain to
specific valve lesions. The guidelines focus primarily on
valvular heart disease in the adult, with a separate section
dealing with specific recommendations for valve disorders in
adolescents and young adults. The diagnosis and management
of infants and young children with congenital valvular abnor-
malities are significantly different from those of the adoles-
cent or adult and are beyond the scope of these guidelines.

This task force report overlaps with several previously
published ACC/AHA guidelines about cardiac imaging and
diagnostic testing, including the guidelines for the clinical use
of cardiac radionuclide imaging,' the clinical application of
echocardiography,? exercise testing,? and percutaneous coro-
nary intervention.* Although these guidelines are not intended
to include detailed information covered in previous guide-
lines on the use of imaging and diagnostic testing, an essential
component of this report is the discussion of indications for
these tests in the evaluation and treatment of patients with
valvular heart disease.

The committee emphasizes the fact that many factors
ultimately determine the most appropriate treatment of indi-
vidual patients with valvular heart disease within a given
community. These include the availability of diagnostic
equipment and expert diagnosticians, the expertise of inter-
ventional cardiologists and surgeons, and notably, the wishes
of well-informed patients. Therefore, deviation from these
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m Some conflicting evidence
from multiple randomized
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being useful/effective

m Some conflicting
evidence from single
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w Recommendation in favor
of treatment or procedure
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or standard of care

e529

Suggested phrases for should is reasonable may/might be considered is not recommended
wiriting recommendations' is recommended can be useful/effective/beneficial may/might be reasonable s not indicated
is indicated is probably recommended usefulness/effectiveness is should not
is useful'effective/beneficial or indicated unknown/unchear/uncertain is not useful'effective/beneficial
or not well established may be harmiul

Figure 1. Applying classification of recommendations and level of evidence.

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as gender, age, history of diabetes, history of prior myocar-
dial infarction, history of heart failure, and prior aspirin use. A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many
important clinical questions addressed in the guidelines do not lend themselves to clinical trials. Even though randomized trials are not available, there may be a very
clear clinical consensus that a particular test or therapy is useful or effective. TIn 2003 the ACC/AHA Task Force on Practice Guidelines recently provided a list of sug-
gested 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 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.

guidelines may be appropriate in some circumstances. These
guidelines are written with the assumption that a diagnostic
test can be performed and interpreted with skill levels
consistent with previously reported ACC training and com-
petency statements and ACC/AHA guidelines, that interven-
tional cardiological and surgical procedures can be performed
by highly trained practitioners within acceptable safety stan-
dards, and that the resources necessary to perform these
diagnostic procedures and provide this care are readily
available. This is not true in all geographic areas, which
further underscores the committee’s position that its recom-
mendations are guidelines and not rigid requirements.

1.3. Review and Approval (NEW)

The 2006 document'%%8 was reviewed by 2 official reviewers
nominated by the ACC; 2 official reviewers nominated by the
AHA; 1 official reviewer from the ACC/AHA Task Force on
Practice Guidelines; reviewers nominated by the Society of
Cardiovascular Anesthesiologists, the Society for Cardiovascu-
lar Angiography and Interventions, and the Society of Thoracic
Surgeons (STS); and individual content reviewers, including
members of the ACCF Cardiac Catheterization and Intervention

Committee, ACCF Cardiovascular Imaging Committee, ACCF
Cardiovascular Surgery Committee, AHA Endocarditis Com-
mittee, AHA Cardiac Clinical Imaging Committee, AHA Car-
diovascular Intervention and Imaging Committee, and AHA
Cerebrovascular Imaging and Intervention Committee.

As mentioned previously, this document also incorporates
a 2008 focused update of the “ACC/AHA 2006 Guidelines
for the Management of Patients With Valvular Heart Dis-
ease,”'9% which spotlights the 2007 AHA Guidelines for
Infective Endocarditis Prophylaxis.'®’® Only recommenda-
tions related to infective endocarditis have been revised. This
document was reviewed by 2 external reviewers nominated
by the ACC and 2 external reviewers nominated by the AHA,
as well as 3 reviewers from the ACCF Congenital Heart
Disease and Pediatric Committee, 2 reviewers from the
ACCF Cardiovascular Surgery Committee, 5 reviewers from
the AHA Heart Failure and Transplant Committee, and 3
reviewers from the Rheumatic Fever, Endocarditis, and Ka-
wasaki Disease Committee. All information about reviewers’
relationships with industry was collected and distributed to
the writing committee and is published in this document (see
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Appendix 5 for details). This document was approved for
publication by the governing bodies of the ACCF and the
AHA in May 2008 and endorsed by the Society of Cardio-
vascular Anesthesiologists, the Society for Cardiovascular
Angiography and Interventions, and the Society of Thoracic
Surgeons.

2. General Principles

2.1. Evaluation of the Patient With
a Cardiac Murmur

2.1.1. Introduction (UPDATED)

Cardiac auscultation remains the most widely used method of
screening for valvular heart disease (VHD). The production
of murmurs is due to 3 main factors:

e high blood flow rate through normal or abnormal orifices

e forward flow through a narrowed or irregular orifice into a
dilated vessel or chamber

e backward or regurgitant flow through an incompetent
valve

Often, more than 1 of these factors is operative.>7

A heart murmur may have no pathological significance or
may be an important clue to the presence of valvular,
congenital, or other structural abnormalities of the heart.®
Most systolic heart murmurs do not signify cardiac disease,
and many are related to physiological increases in blood flow
velocity.® In other instances, a heart murmur may be an
important clue to the diagnosis of undetected cardiac disease
(e.g., valvular aortic stenosis [AS]) that may be important
even when asymptomatic or that may define the reason for
cardiac symptoms. In these situations, various noninvasive or
invasive cardiac tests may be necessary to establish a firm
diagnosis and form the basis for rational treatment of an
underlying disorder. Echocardiography is particularly useful
in this regard, as discussed in the “ACC/AHA/ASE 2003
Guidelines for the Clinical Application of Echocardiogra-
phy.”? Diastolic murmurs virtually always represent patho-
logical conditions and require further cardiac evaluation, as
do most continuous murmurs. Continuous “innocent” mur-
murs include venous hums and mammary souffles.

The traditional auscultation method of assessing cardiac
murmurs has been based on their timing in the cardiac cycle,
configuration, location and radiation, pitch, intensity (grades
1 through 6), and duration.>-® The configuration of a murmur
may be crescendo, decrescendo, crescendo-decrescendo
(diamond-shaped), or plateau. The precise times of onset and
cessation of a murmur associated with cardiac pathology
depend on the period of time in the cardiac cycle in which a
physiologically important pressure difference between 2
chambers occurs.>® A classification of cardiac murmurs is
listed in Table 1.

2.1.2. Classification of Murmurs

Holosystolic (pansystolic) murmurs are generated when there
is flow between chambers that have widely different pressures
throughout systole, such as the left ventricle and either the left
atrium or right ventricle. With an abnormal regurgitant

Table 1. Classification of Cardiac Murmurs

1. Systolic murmurs
a. Holosystolic (pansystolic) murmurs
b. Midsystolic (systolic ejection) murmurs
c. Early systolic murmurs
d. Mid to late systolic murmurs
2. Diastolic murmurs
a. Early high-pitched diastolic murmurs
b. Middiastolic murmurs
¢. Presystolic murmurs
3. Continuous murmurs

orifice, the pressure gradient and regurgitant jet begin early in
contraction and last until relaxation is almost complete.

Midsystolic (systolic ejection) murmurs, often crescendo-
decrescendo in configuration, occur when blood is ejected
across the aortic or pulmonic outflow tracts. The murmurs
start shortly after S;, when the ventricular pressure rises
sufficiently to open the semilunar valve. As ejection in-
creases, the murmur is augmented, and as ejection declines, it
diminishes.

In the presence of normal semilunar valves, this murmur
may be caused by an increased flow rate such as that which
occurs with elevated cardiac output (e.g., pregnancy, thyro-
toxicosis, anemia, and arteriovenous fistula), ejection of
blood into a dilated vessel beyond the valve, or increased
transmission of sound through a thin chest wall. Most
innocent murmurs that occur in children and young adults are
midsystolic and originate either from the aortic or pulmonic
outflow tracts. Valvular, supravalvular, or subvalvular ob-
struction (stenosis) of either ventricle may also cause a
midsystolic murmur, the intensity of which depends in part on
the velocity of blood flow across the narrowed area. Midsys-
tolic murmurs also occur in certain patients with functional
mitral regurgitation (MR) or, less frequently, tricuspid regur-
gitation (TR). Echocardiography is often necessary to sepa-
rate a prominent and exaggerated (grade 3) benign midsys-
tolic murmur from one due to valvular AS.

Early systolic murmurs are less common; they begin with
the first sound and end in midsystole. An early systolic
murmur is often due to TR that occurs in the absence of
pulmonary hypertension, but it also occurs in patients with
acute MR. In large ventricular septal defects with pulmonary
hypertension and small muscular ventricular septal defects,
the shunting at the end of systole may be insignificant, with
the murmur limited to early and midsystole.

Late systolic murmurs are soft or moderately loud, high-
pitched murmurs at the left ventricular (LV) apex that start
well after ejection and end before or at S,. They are often due
to apical tethering and malcoaptation of the mitral leaflets due
to anatomic and functional changes of the annulus and
ventricle. Late systolic murmurs in patients with midsystolic
clicks result from late systolic regurgitation due to prolapse of
the mitral leaflet(s) into the left atrium. Such late systolic
murmurs can also occur in the absence of clicks.

Early diastolic murmurs begin with or shortly after S,,
when the associated ventricular pressure drops sufficiently
below that in the aorta or pulmonary artery. High-pitched
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Table 2. Interventions Used to Alter the Intensity of Cardiac Murmurs

Respiration

Right-sided murmurs generally increase with inspiration. Left-sided murmurs usually are louder during expiration.

Valsalva maneuver

Most murmurs decrease in length and intensity. Two exceptions are the systolic murmur of HCM, which usually becomes much louder, and that of MVP,
which becomes longer and often louder. After release of the Valsalva, right-sided murmurs tend to return to baseline intensity earlier than left-sided murmurs.

Exercise

Murmurs caused by blood flow across normal or obstructed valves (e.g., PS and MS) become louder with both isotonic and isometric (handgrip) exercise.

Murmurs of MR, VSD, and AR also increase with handgrip exercise.
Positional changes

With standing, most murmurs diminish, 2 exceptions being the murmur of HCM, which becomes louder, and that of MVP, which lengthens and often is
intensified. With brisk squatting, most murmurs become louder, but those of HCM and MVP usually soften and may disappear. Passive leg raising usually

produces the same results as brisk squatting.
Postventricular premature beat or atrial fibrillation

Murmurs originating at normal or stenotic semilunar valves increase in intensity during the cardiac cycle after a VPB or in the beat after a long cycle length
in AF. By contrast, systolic murmurs due to atrioventricular valve regurgitation do not change, diminish (papillary muscle dysfunction), or become shorter

(MVP).
Pharmacological interventions

During the initial relative hypotension after amyl nitrite inhalation, murmurs of MR, VSD, and AR decrease, whereas murmurs of AS increase because of
increased stroke volume. During the later tachycardia phase, murmurs of MS and right-sided lesions also increase. This intervention may thus distinguish the
murmur of the Austin-Flint phenomenon from that of MS. The response in MVP often is biphasic (softer then louder than control).

Transient arterial occlusion

Transient external compression of both arms by bilateral cuff inflation to 20 mm Hg greater than peak systolic pressure augments the murmurs of MR, VSD,

and AR but not murmurs due to other causes.

AF indicates atrial fibrillation; AR, aortic regurgitation; AS, aortic stenosis; HCM, hypertrophic cardiomyopathy; MR, mitral regurgitation; MS, mitral stenosis; MVP,
mitral valve prolapse; PS, pulmonic stenosis; VPB, ventricular premature beat; and VSD, ventricular septal defect.

murmurs of aortic regurgitation (AR) or pulmonic regurgita-
tion due to pulmonary hypertension are generally decre-
scendo, consistent with the rapid decline in volume or rate of
regurgitation during diastole. The diastolic murmur of pul-
monic regurgitation without pulmonary hypertension is low
to medium pitched, and the onset of this murmur is slightly
delayed because regurgitant flow is minimal at pulmonic
valve closure, when the reverse pressure gradient responsible
for the regurgitation is minimal. Such murmurs are common
late after repair of tetralogy of Fallot.

Middiastolic murmurs usually originate from the mitral
and tricuspid valves, occur early during ventricular filling,
and are due to a relative disproportion between valve orifice
size and diastolic blood flow volume. Although they are
usually due to mitral or tricuspid stenosis, middiastolic
murmurs may also be due to increased diastolic blood flow
across the mitral or tricuspid valve when such valves are
severely regurgitant, across the normal mitral valve (MV) in
patients with ventricular septal defect or patent ductus arte-
riosus, and across the normal tricuspid valve in patients with
atrial septal defect. In severe, chronic AR, a low-pitched,
rumbling diastolic murmur (Austin-Flint murmur) is often
present at the LV apex; it may be either middiastolic or
presystolic. An opening snap is absent in isolated AR.

Presystolic murmurs begin during the period of ventricular
filling that follows atrial contraction and therefore occur in
sinus rhythm. They are usually due to mitral or tricuspid
stenosis. A right or left atrial myxoma may cause either
middiastolic or presystolic murmurs similar to tricuspid or
mitral stenosis (MS).

Continuous murmurs arise from high- to low-pressure
shunts that persist through the end of systole and the
beginning of diastole. Thus, they begin in systole, peak near
S,, and continue into all or part of diastole. There are many
causes of continuous murmurs, but they are uncommon in
patients with valvular heart disease.5°

2.1.2.1. Dynamic Cardiac Auscultation

Attentive cardiac auscultation during dynamic changes in
cardiac hemodynamics often enables the observer to deduce
the correct origin and significance of a cardiac murmur.'0-13
Changes in the intensity of heart murmurs during various
maneuvers are indicated in Table 2.

2.1.2.2. Other Physical Findings

The presence of other physical findings, either cardiac or
noncardiac, may provide important clues to the significance of a
cardiac murmur and the need for further testing (Fig. 2). For
example, a right heart murmur in early to midsystole at the lower
left sternal border likely represents TR without pulmonary
hypertension in an injection drug user who presents with fever,
petechiae, Osler’s nodes, and Janeway lesions.

Associated cardiac findings frequently provide important
information about cardiac murmurs. Fixed splitting of the
second heart sound during inspiration and expiration in a
patient with a grade 2/6 midsystolic murmur in the pulmonic
area and left sternal border should suggest the possibility of
an atrial septal defect. A soft or absent A, or reversed
splitting of S, may denote severe AS. An early aortic systolic
ejection sound heard during inspiration and expiration sug-
gests a bicuspid aortic valve, whereas an ejection sound heard
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Figure 2. Strategy for evaluating heart murmurs.

*If an electrocardiogram or chest X-ray has been obtained and is abnormal, echocardiography is indicated.

only in the pulmonic area and at the left sternal border during
expiration usually denotes pulmonic valve stenosis. LV
dilatation on precordial palpation and bibasilar pulmonary
rales favor the diagnosis of severe, chronic MR in a patient
with a grade 2/6 holosystolic murmur at the cardiac apex. A
slow-rising, diminished arterial pulse suggests severe AS in a
patient with a grade 2/6 midsystolic murmur at the second
right intercostal space. The typical parvus et tardus pulse may
be absent in the elderly, even in those with severe AS,
secondary to the effects of aging on the vasculature. Pulsus
parvus may also occur with severely reduced cardiac output
from any cause. Factors that aid in the differential diagnosis
of LV outflow tract obstruction are listed in Table 3.4
Examination of the jugular venous wave forms may provide
additional or corroborative information. For example, regur-
gitant cv waves are indicative of TR and are often present
without an audible murmur.

2.1.2.3. Associated Symptoms
An important consideration in the patient with a cardiac
murmur is the presence or absence of symptoms's (Fig. 2).

For example, symptoms of syncope, angina pectoris, or heart
failure in a patient with a midsystolic murmur will usually
result in a more aggressive diagnostic approach than in a
patient with a similar midsystolic murmur who has none of
these symptoms. An echocardiogram to rule in or rule out the
presence of significant AS should be obtained. A history of
thromboembolism will also usually result in a more extensive
workup. In patients with cardiac murmurs and clinical find-
ings suggestive of endocarditis, echocardiography is
indicated.?

Conversely, many asymptomatic children and young adults
with grade 2/6 midsystolic murmurs and no other cardiac
physical findings need no further workup after the initial
history and physical examination (Fig. 2). A particularly
important group is the large number of asymptomatic older
patients, many with systemic hypertension, who have mid-
systolic murmurs, usually of grade 1 or 2 intensity, related to
sclerotic aortic valve leaflets; flow into tortuous, noncompli-
ant great vessels; or a combination of these findings. Such
murmurs must be distinguished from those caused by more

Table 3. Factors That Differentiate the Various Causes of Left Ventricular Outflow Tract Obstruction

Discrete Obstructive
Factor Valvular Supravalvular Subvalvular HCM
Valve calcification Common after age 40 y No No No
Dilated ascending aorta Common after age 40 y Rare Rare Rare
PP after VPB Increased Increased Increased Decreased
Valsalva effect on SM Decreased Decreased Decreased Increased
Murmur of AR Common after age 40 y Rare Sometimes No
Fourth heart sound (S,) If severe Uncommon Uncommon Common
Paradoxical splitting Sometimes* No No Rather common*
Ejection click Most (unless valve calcified) No No Uncommon or none
Maximal thrill and murmur 2nd RIS 1st RIS 2nd RIS 4th LIS
Carotid pulse Normal to anacrotic* (parvus et tardus) Unequal Normal to anacrotic Brisk, jerky, systolic rebound

*Depends on severity. Modified with permission from Marriott HJL. Bedside cardiac diagnosis. Philadelphia, Pa: Lippincott; 1993:116.

AR indicates aortic regurgitation; HCM, hypertrophic cardiomyopathy; LIS, left intercostal space; PP, pulse pressure; RIS, right intercostal space; SM, systolic

murmur; and VPB, ventricular premature beat.
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significant degrees of aortic valve thickening, calcification,
and reduced excursion that result in milder or greater degrees
of valvular AS. The absence of LV hypertrophy on the
electrocardiogram (ECG) may be reassuring, but echocardi-
ography is frequently necessary. Aortic sclerosis can be
defined by focal areas of increased echogenicity and thick-
ening of the leaflets without restriction of motion and a peak
velocity of less than 2.0 m per second. The recognition of
aortic valve sclerosis may prompt the initiation of more
aggressive programs of coronary heart disease prevention. In
patients with AS, it is difficult to assess the rate and severity
of disease progression on the basis of auscultatory findings
alone.

2.1.3. Electrocardiography and Chest Roentgenography
Although echocardiography usually provides more specific
and often quantitative information about the significance of a
heart murmur and may be the only test needed, the ECG and
chest X-ray are readily available and may have been obtained
previously. The absence of ventricular hypertrophy, atrial
enlargement, arrhythmias, conduction abnormalities, prior
myocardial infarction, and evidence of active ischemia on the
ECG provides useful negative information at a relatively low
cost. Abnormal ECG findings in a patient with a heart
murmur, such as ventricular hypertrophy or a prior infarction,
should lead to a more extensive evaluation that includes
echocardiography (Fig. 2).

Posteroanterior and lateral chest roentgenograms often
yield qualitative information on cardiac chamber size, pul-
monary blood flow, pulmonary and systemic venous pressure,
and cardiac calcification in patients with cardiac murmurs.
When abnormal findings are present on chest X-ray, echocar-
diography should be performed (Fig. 2). A normal chest
X-ray and ECG are likely in asymptomatic patients with
isolated midsystolic murmurs, particularly in younger age
groups, when the murmur is grade 2 or less in intensity and
heard along the left sternal border.'®-'® Routine ECG and
chest radiography are not recommended in this setting.

2.1.4. Echocardiography

Class 1

1. Echocardiography is recommended for asymptomatic
patients with diastolic murmurs, continuous murmurs,
holosystolic murmurs, late systolic murmurs, murmurs
associated with ejection clicks, or murmurs that radi-
ate to the neck or back. (Level of Evidence: C)

2. Echocardiography is recommended for patients with
heart murmurs and symptoms or signs of heart failure,
myocardial ischemia/infarction, syncope, thromboem-
bolism, infective endocarditis, or other clinical evi-
dence of structural heart disease. (Level of Evidence: C)

3. Echocardiography is recommended for asymptomatic
patients who have grade 3 or louder midpeaking
systolic murmurs. (Level of Evidence: C)

Class IIa

1. Echocardiography can be useful for the evaluation of
asymptomatic patients with murmurs associated with
other abnormal cardiac physical findings or murmurs
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associated with an abnormal ECG or chest X-ray.
(Level of Evidence: C)

2. Echocardiography can be useful for patients whose
symptoms and/or signs are likely noncardiac in origin
but in whom a cardiac basis cannot be excluded by
standard evaluation. (Level of Evidence: C)

Class III

1. Echocardiography is not recommended for patients
who have a grade 2 or softer midsystolic murmur
identified as innocent or functional by an experienced

observer. (Level of Evidence: C)

Echocardiography with color flow and spectral Doppler
evaluation is an important noninvasive method for assessing
the significance of cardiac murmurs. Information regarding
valve morphology and function, chamber size, wall thickness,
ventricular function, pulmonary and hepatic vein flow, and
estimates of pulmonary artery pressures can be readily
integrated.

Although echocardiography can provide important infor-
mation, such testing is not necessary for all patients with
cardiac murmurs and usually adds little but expense in the
evaluation of asymptomatic younger patients with short grade
1 to 2 midsystolic murmurs and otherwise normal physical
findings. At the other end of the spectrum are patients with
heart murmurs for whom transthoracic echocardiography
proves inadequate. Depending on the specific clinical circum-
stances, transesophageal echocardiography, cardiac magnetic
resonance, or cardiac catheterization may be indicated for
better characterization of the valvular lesion.

It is important to note that Doppler ultrasound devices are
very sensitive and may detect trace or mild valvular regurgi-
tation through structurally normal tricuspid and pulmonic
valves in a large percentage of young, healthy subjects and
through normal left-sided valves (particularly the MV) in a
variable but lower percentage of patients.!6:19-22

General recommendations for performing echocardiogra-
phy in patients with heart murmurs are provided. Of course,
individual exceptions to these indications may exist.

2.1.5. Cardiac Catheterization

Cardiac catheterization can provide important information
about the presence and severity of valvular obstruction,
valvular regurgitation, and intracardiac shunting. It is not
necessary in most patients with cardiac murmurs and normal
or diagnostic echocardiograms, but it provides additional
information for some patients in whom there is a discrepancy
between the echocardiographic and clinical findings. Indica-
tions for cardiac catheterization for hemodynamic assessment
of specific valve lesions are given in Section 3, “Specific
Valve Lesions,” in these guidelines. Specific indications for
coronary angiography to screen for the presence of CAD are
given in Section 10.2.

2.1.6. Exercise Testing

Exercise testing can provide valuable information in patients
with valvular heart disease, especially in those whose symp-
toms are difficult to assess. It can be combined with echocar-
diography, radionuclide angiography, and cardiac catheter-
ization. It has a proven track record of safety, even among
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asymptomatic patients with severe AS. Exercise testing has
generally been underutilized in this patient population and
should constitute an important component of the evaluation
process.

2.1.7. Approach to the Patient

The evaluation of the patient with a heart murmur may vary
greatly depending on many of the considerations discussed
above.?324 These include the timing of the murmur in the
cardiac cycle, its location and radiation, and its response to
various physiological maneuvers (Table 2). Also of importance
is the presence or absence of cardiac and noncardiac symptoms
and other findings on physical examination that suggest the
murmur is clinically significant (Fig. 2).

Patients with diastolic or continuous heart murmurs not
due to a cervical venous hum or a mammary souffle during
pregnancy are candidates for echocardiography. If the results
of echocardiography indicate significant heart disease, further
evaluation may be indicated. An echocardiographic examina-
tion is also recommended for patients with apical or left
sternal edge holosystolic or late systolic murmurs, for patients
with midsystolic murmurs of grade 3 or greater intensity, and
for patients with softer systolic murmurs in whom dynamic
cardiac auscultation suggests a definite diagnosis (e.g., hy-
pertrophic cardiomyopathy).

Echocardiography is also recommended for patients in
whom the intensity of a systolic murmur increases during the
Valsalva maneuver, becomes louder when the patient as-
sumes the upright position, and decreases in intensity when
the patient squats. These responses suggest the diagnosis of
either hypertrophic obstructive cardiomyopathy or MV pro-
lapse (MVP). Additionally, further assessment is indicated
when a systolic murmur increases in intensity during transient
arterial occlusion, becomes louder during sustained handgrip
exercise, or does not increase in intensity either in the cardiac
cycle that follows a premature ventricular contraction or after
a long R-R interval in patients with atrial fibrillation. The
diagnosis of MR or ventricular septal defect in these circum-
stances is likely.

In many patients with grade 1 or 2 midsystolic murmurs, an
extensive workup is not necessary. This is particularly true
for children and young adults who are asymptomatic, have an
otherwise normal cardiac examination, and have no other
physical findings associated with cardiac disease.

However, echocardiography is indicated in certain patients
with grade 1 or 2 midsystolic murmurs, including patients
with symptoms or signs consistent with infective endocardi-
tis, thromboembolism, heart failure, myocardial ischemia/
infarction, or syncope. Echocardiography also usually pro-
vides an accurate diagnosis in patients with other abnormal
physical findings, including widely split second heart sounds,
systolic ejection sounds, and specific changes in intensity of
the systolic murmur during certain physiological maneuvers
(Table 2).

Although echocardiography is an important test for pa-
tients with a moderate to high likelihood of a clinically
important cardiac murmur, it must be re-emphasized that
trivial, minimal, or physiological valvular regurgitation, es-
pecially affecting the mitral, tricuspid, or pulmonic valves, is

detected by color flow imaging techniques in many otherwise
normal patients, including many patients who have no heart
murmur at all.'®1°-22 This observation must be considered
when the results of echocardiography are used to guide
decisions in asymptomatic patients in whom echocardiogra-
phy was used to assess the significance of an isolated
murmur.

Very few data address the cost-effectiveness of various
approaches to the patient undergoing medical evaluation of a
cardiac murmur. Optimal auscultation by well-trained exam-
iners who can recognize an insignificant midsystolic murmur
with confidence (by dynamic cardiac auscultation as indi-
cated) results in less frequent use of expensive additional
testing to define murmurs that do not indicate cardiac pathol-
ogy.

Characteristics of innocent murmurs in asymptomatic adults
that have no functional significance include the following:

grade 1 to 2 intensity at the left sternal border

a systolic ejection pattern

normal intensity and splitting of the second heart sound
no other abnormal sounds or murmurs

no evidence of ventricular hypertrophy or dilatation and
the absence of increased murmur intensity with the Val-
salva maneuver or with standing from a squatting
position.!?

Such murmurs are especially common in high-output states
such as anemia and pregnancy.?>2¢ When the characteristic
features of individual murmurs are considered together with
information obtained from the history and physical examina-
tion, the correct diagnosis can usually be established.?* In
patients with ambiguous clinical findings, the echocardio-
gram can often provide a definite diagnosis, rendering a chest
X-ray and/or ECG unnecessary.

In the evaluation of heart murmurs, the purposes of
echocardiography are to

define the primary lesion in terms of cause and severity
define hemodynamics

define coexisting abnormalities

detect secondary lesions

evaluate cardiac chamber size and function

establish a reference point for future comparisons
re-evaluate the patient after an intervention.

Throughout these guidelines, treatment recommendations
will often derive from specific echocardiographic measure-
ments of LV size and systolic function. Accuracy and
reproducibility are critical, particularly when applied to
surgical recommendations for asymptomatic patients with
MR or AR. Serial measurements over time, or reassessment
with a different imaging technology (radionuclide ventricu-
lography or cardiac magnetic resonance), are often helpful for
counseling individual patients. Lastly, although handheld
echocardiography can be used for screening purposes, it is
important to note that its accuracy is highly dependent on the
experience of the user. The precise role of handheld echocar-
diography for the assessment of patients with valvular heart
disease has not been elucidated.
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As valuable as echocardiography may be, the basic cardio-
vascular physical examination is still the most appropriate
method of screening for cardiac disease and will establish
many clinical diagnoses. Echocardiography should not re-
place the cardiovascular examination but can be useful in
determining the cause and severity of valvular lesions,
particularly in older and/or symptomatic patients.

2.2. Valve Disease Severity Table

Classification of the severity of valve disease in adults is
listed in Table 4.27 The classification for regurgitant lesions is
adapted from the recommendations of the American Society
of Echocardiography.?” For full recommendations of the
American Society of Echocardiography, please refer to the
original document. Subsequent sections of the current guide-
lines refer to the criteria in Table 4?7 to define severe valvular
stenosis or regurgitation.

2.3. Endocarditis and Rheumatic Fever
Prophylaxis (UPDATED)

This updated section deals exclusively with the changes in
recommendations for antibiotic prophylaxis against infective
endocarditis in patients with valvular heart disease. Treatment
considerations in patients with congenital heart disease
(CHD) or implanted cardiac devices are reviewed in detail in
other publications!?’! and the upcoming ACC/AHA guideline
for the management of adult patients with CHD.'972 For an
in-depth review of the rationale for the recommended
changes in the approach to patients with valvular heart
disease, the reader is referred to the AHA guidelines on
prevention of infective endocarditis, published online April
20071070

2.3.1. Endocarditis Prophylaxis (UPDATED)

Class IIa

1. Prophylaxis against infective endocarditis is reason-
able for the following patients at highest risk for
adverse outcomes from infective endocarditis who un-
dergo dental procedures that involve manipulation of
either gingival tissue or the periapical region of teeth
or perforation of the oral mucosa'07%;
* Patients with prosthetic cardiac valve or prosthetic
material used for cardiac valve repair. (Level of
Evidence: B)
* Patients with previous infective endocarditis. (Level of
Evidence: B)
* Patients with CHD. (Level of Evidence: B)
® Unrepaired cyanotic CHD, including palliative
shunts and conduits. (Level of Evidence: B)

® Completely repaired congenital heart defect re-
paired with prosthetic material or device,
whether placed by surgery or by catheter inter-
vention, during the first 6 months after the pro-
cedure. (Level of Evidence: B)

® Repaired CHD with residual defects at the site or
adjacent to the site of a prosthetic patch or
prosthetic device (both of which inhibit endothe-
lialization). (Level of Evidence: B)
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¢ Cardiac transplant recipients with valve regurgita-
tion due to a structurally abnormal valve. (Level of
Evidence: C)

Class II1

1. Prophylaxis against infective endocarditis is not recom-
mended for nondental procedures (such as transesopha-
geal echocardiogram, esophagogastroduodenoscopy, or
colonoscopy) in the absence of active infection. (Level of
Evidence: B)'"7°

(Table 5 of the 2006 Valvular Heart Disease Guideline!0¢8 is
now obsolete.)

Infective endocarditis is a serious illness associated with
significant morbidity and mortality. Its prevention by the
appropriate administration of antibiotics before a procedure
expected to produce bacteremia merits serious consideration.
Experimental studies have suggested that endothelial damage
leads to platelet and fibrin deposition and the formation of
nonbacterial thrombotic endocardial lesions. In the presence
of bacteremia, organisms may adhere to these lesions and
multiply within the platelet-fibrin complex, leading to an
infective vegetation. Valvular and congenital abnormali-
ties, especially those associated with high velocity jets, can
result in endothelial damage, platelet fibrin deposition, and
a predisposition to bacterial colonization. Since 1955, the
AHA has made recommendations for prevention of infec-
tive endocarditis with antimicrobial prophylaxis before
specific dental, gastrointestinal (GI), and genitourinary
(GU) procedures in patients at risk for its development.
However, many authorities and societies, as well as the
conclusions of published studies, have questioned the
efficacy of antimicrobial prophylaxis in most situations.

On the basis of these concerns, a writing group was
appointed by the AHA for their expertise in prevention and
treatment of infective endocarditis, with liaison members
representing the American Dental Association, the Infectious
Disease Society of America, and the American Academy of
Pediatrics. The writing group reviewed the relevant literature
regarding procedure-related bacteremia and infective endo-
carditis, in vitro susceptibility data of the most common
organisms that cause infective endocarditis, results of pro-
phylactic studies of animal models of infective endocarditis,
and both retrospective and prospective studies of prevention
of infective endocarditis. As a result, major changes were
made in the recommendations for prophylaxis against infec-
tive endocarditis.

The major changes in the updated recommendations in-
cluded the following:

e The committee concluded that only an extremely small
number of cases of infective endocarditis might be pre-
vented by antibiotic prophylaxis for dental procedures
even if such prophylactic therapy were 100 percent effective.

e Infective endocarditis prophylaxis for dental procedures is
reasonable only for patients with underlying cardiac con-
ditions associated with the highest risk of adverse outcome
from infective endocarditis.

e For patients with these underlying cardiac conditions,
prophylaxis is reasonable for all dental procedures that
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Table 4. Classification of the Severity of Valve Disease in Adults
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A. Left-sided valve disease

Aortic Stenosis

Indicator Mild Moderate Severe
Jet velocity (m per s) Less than 3.0 3.0-4.0 Greater than 4.0
Mean gradient (mm Hg)* Less than 25 25-40 Greater than 40
Valve area (cm?) Greater than 1.5 1.0-1.5 Less than 1.0
Valve area index (cm? per m?) Less than 0.6
Mitral Stenosis
Mild Moderate Severe
Mean gradient (mm Hg)* Less than 5 5-10 Greater than 10
Pulmonary artery systolic pressure (mm Hg)  Less than 30 30-50 Greater than 50
Valve area (cm?) 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

Doppler vena contracta width (cm)
Quantitative (cath or echo)

Central jet, width less
than 25% of LVOT

Less than 0.3

Greater than mild but no
signs of severe AR

0.3-0.6

Central jet, width greater than 65% LVOT

Greater than 0.6

Regurgitant volume (ml per 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 (cm?) Less than 0.10 0.10-0.29 Greater than or equal to 0.30
Additional essential criteria
Left ventricular size Increased
Mitral Regurgitation

Mild Moderate Severe
Qualitative
Angiographic grade 1+ 2+ 3-4+

Color Doppler jet area

Doppler vena contracta width (cm)
Quantitative (cath or echo)
Regurgitant volume (ml per beat)
Regurgitant fraction (%)
Regurgitant orifice area (cm?)
Additional essential criteria

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

Less than 0.3

Less than 30
Less than 30
Less than 0.20

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

0.3-0.69

30-59
30-49
0.20-0.39

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

Greater than or equal to 0.70

Greater than or equal to 60
Greater than or equal to 50
Greater than or equal to 0.40

Left atrial size Enlarged
Left ventricular size Enlarged
B. Right-sided valve disease Characteristic

Severe tricuspid stenosis:
Severe tricuspid regurgitation:
Severe pulmonic stenosis:
Severe pulmonic regurgitation:

Valve area less than 1.0 cm?

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

Jet velocity greater than 4 m per s or maximum gradient greater than 60 mm Hg
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.2?

AR indicates aortic regurgitation; cath, catheterization; echo, echocardiography; LA, left atrial/atrium; LVOT, left ventricular outflow tract; and MR, mitral
regurgitation.
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Table 6. Endocarditis Prophylaxis for Dental Procedures
(UPDATED)*

Reasonable Not Recommended

Endocarditis prophylaxis is not
recommended for:

Endocarditis prophylaxis is
reasonable for patients

with the highest risk of o Routine anesthetic injections through
adverse outcomes who noninfected tissue
undergo dental o Dental radiographs

Placement or removal of prosthodontic
or orthodontic appliances

Adjustment of orthodontic appliances
Placement of orthodontic brackets
Shedding of deciduous teeth

Bleeding from trauma to the lips or
oral mucosa

procedures that involve
manipulation of either
gingival tissue or the
periapical region of
teeth or perforation of
the oral mucosa.

*This table corresponds to Table 3 in the ACC/AHA 2008 Guideline Update on
Valvular Heart Disease: Focused Update on Infective Endocarditis.069
Adapted with permission.28

involve manipulation of either gingival tissue or the
periapical region of teeth or perforation of oral mucosa.
e Prophylaxis is not recommended based solely on an increased
lifetime risk of acquisition of infective endocarditis.
e Administration of antibiotics solely to prevent endocarditis
is not recommended for patients who undergo GU or GI
tract procedure.

The rationale for these revisions is based on the following:

e Infective endocarditis is more likely to result from frequent
exposure to random bacteremias associated with daily
activities than from bacteremia caused by a dental, GI
tract, or GU procedure;

e Prophylaxis may prevent an exceedingly small number of
cases of infective endocarditis (if any) in individuals who
undergo a dental, GI tract, or GU procedure;

e The risk of antibiotic associated adverse effects exceeds
the benefit (if any) from prophylactic antibiotic therapy;

Table 7. Regimens for a Dental Procedure (UPDATED)*
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e Maintenance of optimal oral health and hygiene may
reduce the incidence of bacteremia from daily activities
and is more important than prophylactic antibiotics for a
dental procedure to reduce the risk of infective
endocarditis.

(Table 8 of the 2006 Valvular Heart Disease Guidelines!96® is
now obsolete.)

The AHA Prevention of Infective Endocarditis Committee
recommended that prophylaxis should be given only to the
high-risk group of patients prior to dental procedures that
involve manipulation of gingival tissue or the periapical
region of the teeth or perforation of oral mucosa. High-risk
patients were defined as those patients with underlying
cardiac conditions associated with the highest risk of adverse
outcome from infective endocarditis, not necessarily those
with an increased lifetime risk of acquisition of infective
endocarditis. Prophylaxis is no longer recommended for
prevention of endocarditis for procedures involving the re-
spiratory tract unless the procedure is performed in a high-
risk patient and involves incision of the respiratory tract
mucosa, such as tonsillectomy and adenoidectomy. Prophy-
laxis is no longer recommended for prevention of infective
endocarditis for GI or GU procedures, including diagnostic
esophagogastroduodenoscopy or colonoscopy. However, in
high-risk patients with infections of the GI or GU tract, it is
reasonable to administer antibiotic therapy to prevent wound
infection or sepsis. For high-risk patients undergoing elective
cystoscopy or other urinary tract manipulation who have
enterococcal urinary tract infection or colonization, antibiotic
therapy to eradicate enterococci from the urine before the
procedure is reasonable.

These changes are a significant departure from the past
AHA7"?3 and European Society of Cardiology!®’3 recommen-
dations for prevention of infective endocarditis, and may
violate long-standing expectations in practice patterns of

Regimen: Single Dose 30 to 60 min
Before Procedure

Situation Agent Adults Children
Oral Amoxicillin 29 50 mg/kg
Unable to take oral medication Ampicillin 2gIMorlv 50 mg/kg IM or IV
OR
Cefazolin or ceftriaxone 1gIMorlV 50 mg/kg IM or IV
Allergic to penicillins or ampicillin—oral Cephalexintt 249 50 mg/kg
OR
Clindamycin 600 mg 20 mg/kg
OR
Azithromycin or clarithromycin 500 mg 15 mg/kg
Allergic to penicillins or ampicillin and unable to take oral medication Cefazolin or ceftriaxonef 1gIMorlV 50 mg/kg IM or IV
OR
Clindamycin 600 mg IM or IV 20 mg/kg IM or IV

*This table corresponds to Table 4 in the ACC/AHA 2008 Guideline Update on Valvular Heart Disease: Focused Update on Infective Endocarditis.1069
t0r use other first- or second-generation oral cephalosporin in equivalent adult or pediatric dosage.
FCephalosporins should not be used in an individual with a history of anaphylaxis, angioedema, or urticaria with penicillins or ampicillin.

IM indicates intramuscular; and IV, intravenous.
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patients and healthcare providers. However, the writing
committee for these updated guidelines consisted of experts
in the field of infective endocarditis; input was also obtained
from experts not affiliated with the writing group. All data to
date were thoroughly reviewed, and the current recommen-
dations reflect analysis of all relevant literature. This multi-
disciplinary team of experts emphasized that previous pub-
lished guidelines for the prevention of endocarditis contained
ambiguities and inconsistencies and relied more on opinion
than on data. The writing committee delineated the reasons
for which evolutionary refinement in the approach to infec-
tive endocarditis prophylaxis can be justified. In determining
which patients receive prophylaxis, there is a clear focus on
the risk of adverse outcomes after infective endocarditis
rather than the lifetime risk of acquisition of infective
endocarditis. The current recommendations result in greater
clarity for patients, health care providers, and consulting
professionals.

Other international societies have published recommenda-
tions and guidelines for the prevention of infective endocar-
ditis. New recommendations from the British Society for
Antimicrobial Chemotherapy are similar to the current AHA
recommendations for prophylaxis before dental procedures.
The British Society for Antimicrobial Chemotherapy did
differ in continuing to recommend prophylaxis for high-risk
patients prior to GI or GU procedures associated with
bacteremia or endocarditis.!07

Therefore, Class I1a indications for prophylaxis against
infective endocarditis are reasonable for valvular heart
disease patients at highest risk for adverse outcomes from
infective endocarditis before dental procedures that in-
volve manipulation of either gingival tissue. This high-risk
group includes: 1) patients with a prosthetic heart valve or
prosthetic material used for valve repair, 2) patients with a
past history of infective endocarditis, and 3) patients with
cardiac valvulopathy following cardiac transplantation, as
well as 4) specific patients with CHD. Patients with
innocent murmurs and those patients who have abnormal
echocardiographic findings without an audible murmur
should definitely not be given prophylaxis for infective
endocarditis. Infective endocarditis prophylaxis is not
necessary for nondental procedures which do not penetrate
the mucosa, such as transesophageal echocardiography,
diagnostic bronchoscopy, esophagogastroscopy, or
colonoscopy, in the absence of active infection.

The committee recognizes that decades of previous
recommendations for patients with most forms of valvu-
lar heart disease and other conditions have been abruptly
changed by the new AHA guidelines.'*®® Because this may
cause consternation among patients, clinicians should be
available to discuss the rationale for these new changes
with their patients, including the lack of scientific evi-
dence to demonstrate a proven benefit for infective endo-
carditis prophylaxis. In select circumstances, the commit-
tee also understands that some clinicians and some
patients may still feel more comfortable continuing with
prophylaxis for infective endocarditis, particularly for
those with bicuspid aortic valve or coarctation of the
aorta, severe mitral valve prolapse, or hypertrophic ob-

structive cardiomyopathy. In those settings, the clinician
should determine that the risks associated with antibiotics
are low before continuing a prophylaxis regimen. Over
time, and with continuing education, the committee an-
ticipates increasing acceptance of the new guidelines
among both provider and patient communities.

A multicenter randomized controlled trial has never been
performed to evaluate the efficacy of infective endocarditis
prophylaxis in patients who undergo dental, GI, or GU
procedures. On the basis of these new recommendations,
fewer patients will receive infective endocarditis prophylaxis.
It is hoped that the revised recommendations will stimulate
properly designed prospective studies on the prevention of
infective endocarditis.

2.3.2. Rheumatic Fever Prophylaxis

2.3.2.1. General Considerations

Rheumatic fever is an important cause of valvular heart
disease. In the United States (and Western Europe), cases of
acute rheumatic fever have been uncommon since the 1970s.
However, starting in 1987, an increase in cases has been
observed.*>#+ With the enhanced understanding of the caus-
ative organism, group A beta hemolytic streptococcus, its
rheumatogenicity is attributed to the prevalence of M-protein
serotypes of the offending organism. This finding has resulted
in the development of kits that allow rapid detection of group
A streptococci with specificity greater than 95% and more
rapid identification of their presence in upper respiratory
infection. Because the test has a low sensitivity, a negative
test requires throat culture confirmation.** Prompt recognition
and treatment comprise primary rheumatic fever prevention.
For patients who have had a previous episode of rheumatic
fever, continuous antistreptococcal prophylaxis is indicated
for secondary prevention.

2.3.2.2. Primary Prevention
Rheumatic fever prevention and treatment guidelines have
been established previously by the AHA (Table 9).4

2.3.2.3. Secondary Prevention

Class 1

1. Patients who have had rheumatic fever with or without
carditis (including patients with MS) should receive
prophylaxis for recurrent rheumatic fever. (Level of
Evidence: B)

Patients who have had an episode of rheumatic fever are at
high risk of developing recurrent episodes of acute rheumatic
fever. Patients who develop carditis are especially prone to
similar episodes with subsequent attacks. Secondary preven-
tion of theumatic fever recurrence is thus of great importance.
Continuous antimicrobial prophylaxis has been shown to be
effective. Anyone who has had rheumatic fever with or
without carditis (including patients with MS) should receive
prophylaxis for recurrent rheumatic fever. The 1995 AHA
guidelines for secondary prevention are shown in Table 10,
and the 1995 AHA guidelines for duration of secondary
prevention are shown in Table 11.4°
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Table 9. Primary Prevention of Rheumatic Fever
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Agent Dose Mode Duration
Benzathine/Penicillin G Patients 27 kg (60 Ib) or less: 600 000 U Intramuscular Once
Patients greater than 27 kg (60 Ib): 1 200 000 U

or
Penicillin V (phenoxymethyl penicillin) Children: 250 mg 2-3 times daily Oral 10d
Adolescents and adults: 500 mg 2-3 times daily
For individuals allergic to penicillin
Erythromycin
Estolate 20-40 mg per kg per day Oral 10d
2-4 times daily (maximum 1 g per day)
or
Ethylsuccinate 40 mg per kg per day Oral 10d
2-4 times daily (maximum 1 g per day)
or
Azithromycin 500 mg on first day Oral 5d

250 mg per day for the next 4 days

Reprinted with permission from Dajani A, Taubert K, Ferrieri P, et al. Treatment of acute streptococcal pharyngitis and prevention of rheumatic fever: a statement
for health professionals. Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the Young, the American

Heart Association. Pediatrics 1995;96:758 —64.45

3. Specific Valve Lesions
3.1. Aortic Stenosis

3.1.1. Introduction

The most common cause of AS in adults is calcification of a
normal trileaflet or congenital bicuspid valve.*¢-4° This cal-
cific disease progresses from the base of the cusps to the
leaflets, eventually causing a reduction in leaflet motion and
effective valve area without commissural fusion. Calcific AS
is an active disease process characterized by lipid accumula-

Table 10. Secondary Prevention of Rheumatic Fever

Agent Dose Mode
Penicillin G benzathine 1200 000 U every 4 wk
(every 3 wk for high-risk*
pts such as those with
residual carditis)

Intramuscular

or
Penicillin V 250 mg twice daily Oral
or
Sulfadiazine 0.5 g once daily for pts Oral

27 g (60 Ib) or less;
1.0 g once daily for pts
greater than 27 kg (60 Ib)
For individuals allergic
to penicillin and
sulfadiazine

Erythromycin 250 mg twice daily Oral

tion, inflammation, and calcification, with many similarities
to atherosclerosis.’°-© Rheumatic AS due to fusion of the
commissures with scarring and eventual calcification of the
cusps is less common and is invariably accompanied by MV
disease. A congenital malformation of the valve may also
result in stenosis and is the more common cause in young
adults. The management of congenital AS in adolescents and
young adults is discussed in Section 6.1.

3.1.1.1. Grading the Degree of Stenosis

Although AS is best described as a disease continuum, and
there is no single value that defines severity, for these
guidelines, we graded AS severity on the basis of a variety of
hemodynamic and natural history data (Table 4),27:°! using
definitions of aortic jet velocity, mean pressure gradient, and
valve area as follows:

Table 11. Duration of Secondary Rheumatic Fever Prophylaxis

Category Duration

Rheumatic fever with carditis and
residual heart disease
(persistent valvular disease)

Rheumatic fever with carditis but
no residual heart disease (no
valvular disease)

Rheumatic fever without carditis

10 y or greater since last episode and
at least until age 40 y; sometimes
lifelong prophylaxis*

10 y or well into adulthood, whichever
is longer

5y or until age 21 y, whichever is
longer

*High-risk patients include patients with residual rheumatic carditis and
patients from economically disadvantaged populations. Dajani A, Taubert K,
Ferrieri P, et al. Treatment of acute streptococcal pharyngitis and prevention of
rheumatic fever: a statement for health professionals. Committee on Rheumatic
Fever, Endocarditis, and Kawasaki Disease of the Council on Cardiovascular
Disease in the Young, the American Heart Association. Pediatrics 1995;96:
758-64.45

Pts indicates patients.

*The committee’s interpretation of “lifelong” prophylaxis refers to patients
who are at high risk and likely to come in contact with populations with a high
prevalence of streptococcal infection, that is, teachers and day-care workers.
Reprinted with permission from Dajani A, Taubert K, Ferrieri P, et al. Treatment
of acute streptococcal pharyngitis and prevention of rheumatic fever: a
statement for health professionals. Committee on Rheumatic Fever, Endocar-
ditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the
Young, the American Heart Association. Pediatrics 1995;96:758—64.45
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e Mild (area 1.5 cm?, mean gradient less than 25 mm Hg, or
jet velocity less than 3.0 m per second)

e Moderate (area 1.0 to 1.5 cm?, mean gradient 25 to 40 mm
Hg, or jet velocity 3.0 to 4.0 m per second)

e Severe (area less than 1.0 cm? mean gradient greater than
40 mm Hg, or jet velocity greater than 4.0 m per second).

When stenosis is severe and cardiac output is normal, the
mean transvalvular pressure gradient is generally greater than
40 mm Hg. However, when cardiac output is low, severe
stenosis may be present with a lower transvalvular gradient
and velocity, as discussed below. Some patients with severe
AS remain asymptomatic, whereas others with only moderate
stenosis develop symptoms. Therapeutic decisions, particularly
those related to corrective surgery, are based largely on the
presence or absence of symptoms. Thus, the absolute valve area
(or transvalvular pressure gradient) is not the primary determi-
nant of the need for aortic valve replacement (AVR).

3.1.2. Pathophysiology

In adults with AS, the obstruction develops gradually—
usually over decades. During this time, the left ventricle
adapts to the systolic pressure overload through a hypertro-
phic process that results in increased L'V wall thickness, while
a normal chamber volume is maintained.®>-* The resulting
increase in relative wall thickness is usually enough to
counter the high intracavitary systolic pressure, and as a
result, LV systolic wall stress (afterload) remains within the
range of normal. The inverse relation between systolic wall
stress and ejection fraction is maintained; as long as wall
stress is normal, the ejection fraction is preserved.®> However,
if the hypertrophic process is inadequate and relative wall
thickness does not increase in proportion to pressure, wall
stress increases and the high afterload causes a decrease in
ejection fraction.®>-¢7 Depressed contractile state of the myo-
cardium may also be responsible for a low ejection fraction,
and it is often difficult clinically to determine whether a low
ejection fraction is due to depressed contractility or to
excessive afterload.®® When low ejection fraction is caused by
depressed contractility, corrective surgery will be less bene-
ficial than in patients with a low ejection fraction caused by
high afterload.®®

As a result of increased wall thickness, low volume/mass
ratio, and diminished compliance of the chamber, LV end-
diastolic pressure increases without chamber dilatation.”0-72
Thus, increased end-diastolic pressure usually reflects dia-
stolic dysfunction rather than systolic dysfunction or failure.”?
A forceful atrial contraction that contributes to an elevated
end-diastolic pressure plays an important role in ventricular
filling without increasing mean left atrial or pulmonary
venous pressure.”* Loss of atrial contraction such as that
which occurs with atrial fibrillation is often followed by
serious clinical deterioration.

The development of concentric hypertrophy appears to be
an appropriate and beneficial adaptation to compensate for
high intracavitary pressures. Unfortunately, this adaptation
often carries adverse consequences. The hypertrophied heart
may have reduced coronary blood flow per gram of muscle
and also exhibit a limited coronary vasodilator reserve, even
in the absence of epicardial CAD.’>-77 The hemodynamic

stress of exercise or tachycardia can produce a maldistribu-
tion of coronary blood flow and subendocardial ischemia,
which can contribute to systolic or diastolic dysfunction of
the left ventricle. Hypertrophied hearts also exhibit an in-
creased sensitivity to ischemic injury, with larger infarcts and
higher mortality rates than are seen in the absence of
hypertrophy.’8-80 Another problem that is particularly com-
mon in elderly patients, especially women, is an excessive or
inappropriate degree of hypertrophy; wall thickness is greater
than necessary to counterbalance the high intracavitary pres-
sures.81-8+ Ag a result, systolic wall stress is low and ejection
fraction is high; such inappropriate LV hypertrophy has been
associated with high perioperative morbidity and mortali-
ty.81.83

3.1.3. Natural History

The natural history of AS in the adult consists of a prolonged
latent period during which morbidity and mortality are very
low. The rate of progression of the stenotic lesion has been
estimated in a variety of invasive and noninvasive studies.8>
Once even moderate stenosis is present (jet velocity greater
than 3.0 m per second) (Table 4),27 the average rate of
progression is an increase in jet velocity of 0.3 m per second
per year, an increase in mean pressure gradient of 7 mm Hg
per year, and a decrease in valve area of 0.1 cm? per year.36-96
However, there is marked individual variability in the rate of
hemodynamic progression. Although it appears that the
progression of AS can be more rapid in patients with
degenerative calcific disease than in those with congenital or
rheumatic disease,”* 8 it is not possible to predict the rate of
progression in an individual patient. For this reason, regular
clinical follow-up is mandatory in all patients with asymp-
tomatic mild to moderate AS. In addition, progression to AS
may occur in patients with aortic sclerosis, defined as valve
thickening without obstruction to ventricular outflow.”

Aortic sclerosis, defined as irregular valve thickening
without obstruction to LV outflow, is present in about 25% of
adults over 65 years of age and is associated with clinical
factors such as age, sex, hypertension, smoking, serum
low-density lipoprotein and lipoprotein(a) levels, and diabe-
tes mellitus.'® In the Cardiovascular Health Study, the
presence of aortic sclerosis on echocardiography in subjects
without known coronary disease was also associated with
adverse clinical outcome, with an approximately 50% in-
creased risk of myocardial infarction and cardiovascular death
compared with subjects with a normal aortic valve.!°! This has
been confirmed in 2 additional studies.!0>1°> The association
between aortic sclerosis and adverse cardiovascular outcomes
persisted even when age, sex, known cardiovascular disease, and
cardiovascular risk factors were taken into account. However,
the mechanism of this association is unclear and is unlikely to be
related to valve hemodynamics. Studies are in progress to
evaluate potential mechanisms of this association, including
subclinical atherosclerosis, endothelial dysfunction, and sys-
temic inflammation.

In most patients with severe AS, impaired platelet function
and decreased levels of von Willebrand factor can be demon-
strated. The severity of the coagulation abnormality correlates
with the severity of AS and resolves after valve replacement,
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Table 12. Clinical Outcomes in Prospective Studies of Asymptomatic Aortic Stenosis in Adults
Event-Free
No. of Severity of Aortic Mean Survival Without
Study, Year Patients Stenosis Age, y Follow-Up Group Symptoms
Kelly et al., 1988109 51 Viax greater than 638 5-25 mo Overall 59% at 15 mo
3.6 m per second
Pellikka et al., 1990114 113 Vimax 4.0 m per second 40-94 20 mo Overall 86% at 1y
or greater Overall 62% at 2y
Kennedy et al., 1991115 66 AVA 0.7-1.2 cm? 67 =10 35 mo Overall 59% at 4y
Otto et al., 19976 123 Vnax greater than 63 + 16 25*+14y  Overal 93+5%at1y
2.6 m per second 62 +8%at3y
26+10%at5y
Subgroups:
Viax €SS than 3-4 m per second 84 *16%at2y
Vinax 3—4 m per second 66 =13%at2y
V.ax Qreater than 3 m per 21 =18%at2y
second
Rosenhek et al., 2000% 128 Viax greater than 60 =18 22 =18 mo  Overall 67 =5%at1y
4.0 m per second 56 = 55% at 2y
33+5%at4dy
Subgroups:
No or mild Ca®* 75+9%at4y
Moderate-severe Ca®* 20x5%at4y
Amato et al., 2001117 66 AVA 1.0 cm? or 18-80 15+ 12mo  Overall 57%at1y
greater (50 = 15) 38%at2y
Subgroups:
AVA 0.7 cm? or greater 2% at2y
AVA less than 0.7 cm? 1% at2y
Negative exercise test 85% at2y
Positive exercise test* 19% at2y
Das et al., 200518 125 AVA less than 1.4 cm? 56-74 12 mo Subgroups:
(mean 65) AVA 1.2 cm? or greater 100% at 1y
AVA 0.8 cm? or less 46% at 1y
No symptoms on exercise test 89% at1y
Symptoms on exercise test 49% at1y
Pellikka et al., 200516 622 Vimax 4.0 m per second 7211 54+40y  Overal 82% at1y
or greater 67% at2y
33% at5y

*Positive exercise test indicates symptoms, abnormal ST-segment response, or abnormal blood pressure response (less than 20-mm Hg increase) with exercise.
AVA indicates aortic valve area; Ca®", aortic valve calcification; and V,,,,, peak instantaneous velocity.

except when the prosthetic valve area is small for patient size
(less than 0.8 cm® per m?). This acquired von Willebrand
syndrome is associated with clinical bleeding, most often epi-
staxis or ecchymoses, in approximately 20% of patients.'+

Eventually, symptoms of angina, syncope, or heart failure
develop after a long latent period, and the outlook changes
dramatically. After the onset of symptoms, average survival
is 2 to 3 years,'9-111 with a high risk of sudden death. Thus,
the development of symptoms identifies a critical point in the
natural history of AS. Management decisions are based
largely on these data; most clinicians treat asymptomatic
patients conservatively, whereas corrective surgery is gener-
ally recommended in patients with symptoms thought to be
due to AS. It is important to emphasize that symptoms may be
subtle and often are not elicited by the physician in taking a
routine clinical history.

Sudden death is known to occur in patients with severe AS
and, in older retrospective studies, has been reported to occur
without prior symptoms.105.108.112.113 However, in prospective
echocardiographic studies, sudden death in previously
asymptomatic patients is rare.61.96:109.114-116 Therefore, al-
though sudden death may occur in the absence of preceding
symptoms in patients with AS,105.108,112,113,116 it j5 an uncom-
mon event, estimated at less than 1% per year when patients
with known AS are followed up prospectively.

3.1.4. Management of the Asymptomatic Patient

Asymptomatic patients with AS have outcomes similar to
age-matched normal adults. However, disease progression
with symptom onset is common, as detailed in Table
12.61.96,109.114-118 Tp a prospective study of 123 asymptomatic
adults with an initial jet velocity of at least 2.6 m per second,
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the rate of symptom development was 38% at 3 years for the
total group. However, clinical outcome was strongly depen-
dent on AS severity, with an event-free survival of 84% at 2
years in those with a jet velocity less than 3 m per second
compared with only 21% in those with a jet velocity more
than 4 m per second.®’-8 In another study of 128 asymptom-
atic adults with an initial aortic jet velocity of at least 4 m per
second, event-free survival was 67% at 1 year and 33% at 4
years, with predictors of outcome that included age and the
degree of valve calcification.”® A third study of patients with
aortic jet velocities greater than 4 m per second provided
similar results, with 33% remaining asymptomatic without
surgery at 5 years.!!® Therefore, patients with asymptomatic
AS require frequent monitoring for development of symp-
toms and progressive disease.

3.1.4.1. Echocardiography (Imaging, Spectral, and Color
Doppler) in Aortic Stenosis

Class 1

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

2. Echocardiography is recommended in patients with AS
for the assessment of LV wall thickness, size, and
function. (Level of Evidence: B)

3. Echocardiography is recommended for re-evaluation of
patients with known AS and changing symptoms or signs.
(Level of Evidence: B)

4. Echocardiography is recommended for the assessment
of changes in hemodynamic severity and LV function
in patients with known AS during pregnancy. (Level of
Evidence: B)

5. Transthoracic echocardiography is recommended for
re-evaluation of asymptomatic patients: every year for
severe AS; every 1 to 2 years for moderate AS; and
every 3 to 5 years for mild AS. (Level of Evidence: B)

Aortic stenosis typically is first suspected on the basis of the
finding of a systolic ejection murmur on cardiac auscultation;
however, physical examination findings are specific but not
sensitive for the diagnosis of AS severity.!!” The classic
findings of a loud (grade 4/6), late-peaking systolic murmur
that radiates to the carotids, a single or paradoxically split
second heart sound (S,), and a delayed and diminished
carotid upstroke confirm the presence of severe AS. How-
ever, in the elderly, the carotid upstroke may be normal
because of the effects of aging on the vasculature, and the
murmur may be soft or may radiate to the apex. The only
physical examination finding that is reliable in excluding the
possibility of severe AS is a normally split second heart
sound.'!?

Echocardiography is indicated when there is a systolic
murmur that is grade 3/6 or greater, a single S,, or symptoms
that might be due to AS. The 2-dimensional (2D) echocar-
diogram is valuable for evaluation of valve anatomy and
function and determining the LV response to pressure over-
load. In nearly all patients, the severity of the stenotic lesion
can be defined with Doppler echocardiographic measure-
ments of maximum jet velocity, mean transvalvular pressure

gradient, and continuity equation valve area, as discussed in
the “ACC/AHA/ASE 2003 Guidelines for the Clinical Ap-
plication of Echocardiography.”? Doppler evaluation of AS
severity requires attention to technical details, with the most
common error being underestimation of disease severity due
to a nonparallel intercept angle between the ultrasound beam
and high-velocity jet through the narrowed valve. When
measurement of LV outflow tract diameter is problematic,
the ratio of outflow tract velocity to aortic jet velocity can
be substituted for valve area, because this ratio is, in effect,
indexed for body size. A ratio of 0.9 to 1.0 is normal, with
a ratio less than 0.25 indicating severe stenosis. Echocar-
diography is also used to assess LV size and function,
degree of hypertrophy, and presence of other associated
valvular disease.

In some patients, it may be necessary to proceed with
cardiac catheterization and coronary angiography at the time
of initial evaluation. For example, this is appropriate if there
is a discrepancy between clinical and echocardiographic
examinations or if symptoms might be due to CAD.

3.1.4.2. Exercise Testing

Class IIb

1. Exercise testing in asymptomatic patients with AS may
be considered to elicit exercise-induced symptoms and
abnormal blood pressure responses. (Level of Evi-
dence: B)

Class II1

1. Exercise testing should not be performed in symptom-
atic patients with AS. (Level of Evidence: B)

Exercise testing in adults with AS has poor diagnostic
accuracy for evaluation of concurrent CAD. Presumably, this
is due to the presence of an abnormal baseline ECG, LV
hypertrophy, and limited coronary flow reserve. Electrocar-
diographic ST depression during exercise occurs in 80% of
adults with asymptomatic AS and has no known prognostic
significance.

Exercise testing should not be performed in symptomatic
patients owing to a high risk of complications. However, in
asymptomatic patients, exercise testing is relatively safe and
may provide information that is not uncovered during the
initial clinical evaluation.6!.117.118.120-124 When the medical
history is unclear, exercise testing can identify a limited
exercise capacity, abnormal blood pressure responses, or
even exercise-induced symptoms.!'!7-118124 In one series,'!”
patients manifesting symptoms, abnormal blood pressure
(less than 20-mm Hg increase), or ST-segment abnormalities
with exercise had a symptom-free survival at 2 years of only
19% compared with 85% symptom-free survival in those
with none of these findings with exercise. Four patients died
during the course of this study (1.2% annual mortality rate);
all had an aortic valve area less than 0.7 cm? and an abnormal
exercise test. In another series,!!® exercise testing brought out
symptoms in 29% of patients who were considered asymp-
tomatic before testing; in these patients, spontaneous symp-
toms developed in 51% over the next year compared with
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only 11% of patients who had no symptoms on exercise
testing. An abnormal hemodynamic response (e.g., hypoten-
sion or failure to increase blood pressure with exercise) in a
patient with severe AS is considered a poor prognostic find-
ing.!17-125 Finally, in selected patients, the observations made
during exercise may provide a basis for advice about physical
activity. Exercise testing in asymptomatic patients should be
performed only under the supervision of an experienced physi-
cian with close monitoring of blood pressure and the ECG.

3.1.4.3. Serial Evaluations
The frequency of follow-up visits to the physician depends on
the severity of the valvular stenosis and on the presence of
comorbid conditions. Recognizing that an optimal schedule
for repeated medical examinations has not been defined,
many physicians perform an annual history and physical
examination on patients with asymptomatic AS of any de-
gree. An essential component of each visit is patient educa-
tion about the expected disease course and symptoms of AS.
Periodic echocardiography may be appropriate as discussed
below. Patients should be advised to promptly report the
development of any change in exercise tolerance, exertional
chest discomfort, dyspnea, lightheadedness, or syncope.
Serial echocardiography is an important part of an inte-
grated approach that includes a detailed history, physical
examination, and, in some patients, a carefully monitored
exercise test. Because the rate of progression varies consid-
erably, clinicians often perform an annual echocardiogram on
patients known to have moderate to severe AS. Serial
echocardiograms are helpful for assessing changes in stenosis
severity, LV hypertrophy, and LV function. Therefore, in
patients with severe AS, an echocardiogram every year may
be appropriate. In patients with moderate AS, serial studies
performed every 1 to 2 years are satisfactory, and in patients
with mild AS, serial studies can be performed every 3 to 5
years. Echocardiograms should be performed more frequently
if there is a change in signs or symptoms.

3.1.4.4. Medical Therapy (Updated)
Antibiotic prophylaxis against recurrent rheumatic fever is
indicated for patients with rheumatic AS. Patients with
associated systemic arterial hypertension should be treated
cautiously with appropriate antihypertensive agents. With
these exceptions, there is no specific medical therapy for
patients who have not yet developed symptoms. Patients who
develop symptoms require surgery, not medical therapy.
There are no medical treatments proven to prevent or delay
the disease process in the aortic valve leaflets. However, the
association of AS with clinical factors similar to those
associated with atherosclerosis and the mechanisms of dis-
ease at the tissue level30-6099-103.126-129 have led to the
hypothesis that intervention may be possible to slow or
prevent disease progression in the valve leaflet.!27:130 Specif-
ically, the effect of lipid-lowering therapy on progression of
calcific AS has been examined in several small retrospective
studies using echocardiography or cardiac computed tomog-
raphy to measure disease severity,!3!-13¢ suggesting a benefit
of statins. However, a prospective, randomized, placebo-
controlled trial in patients with calcific aortic valve disease
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failed to demonstrate a benefit of atorvastatin in reducing the
progression of aortic valve stenosis over a 3-year period.'3” It
is noteworthy that the patients in this study had high levels of
aortic valve calcification by computed tomography and evi-
dence of moderate to severe AS at baseline, based on peak
aortic valve gradient (48 to 50 mm Hg), aortic valve area
(1.02 to 1.03 cm?), and peak jet velocity (3.39 to 3.45 m per
second). It is possible that the calcific process was too
advanced in these patients to be reversed by short-term statin
therapy. Thus, further trials in patients with less severe aortic
valve calcification, with longer follow-up periods, are needed.
In the meanwhile, evaluation and modification of cardiac risk
factors is important in patients with aortic valve disease to
prevent concurrent CAD.

3.1.4.5. Physical Activity and Exercise

Recommendations for physical activity are based on the
clinical examination, with special emphasis on the hemody-
namic severity of the stenotic lesion. The severity can usually
be judged by Doppler echocardiography, but in borderline
cases, diagnostic cardiac catheterization may be necessary to
accurately define the degree of stenosis.

Recommendations on participation in competitive sports
have been published by the Task Force on Acquired Valvular
Heart Disease of the 36th Bethesda Conference.!3® Physical
activity is not restricted in asymptomatic patients with mild
AS; these patients can participate in competitive sports.
Patients with moderate to severe AS should avoid competi-
tive sports that involve high dynamic and static muscular
demands. Other forms of exercise can be performed safely,
but it is advisable to evaluate such patients with an exercise
test before they begin an exercise or athletic program.

3.1.5. Indications for Cardiac Catheterization
Class 1

1. Coronary angiography is recommended before AVR in
patients with AS at risk for CAD (see Section 10.2).
(Level of Evidence: B)

2. Cardiac catheterization for hemodynamic measure-
ments is recommended for assessment of severity of AS
in symptomatic patients when noninvasive tests are
inconclusive or when there is a discrepancy between
noninvasive tests and clinical findings regarding sever-
ity of AS. (Level of Evidence: C)

3. Coronary angiography is recommended before AVR in
patients with AS for whom a pulmonary autograft
(Ross procedure) is contemplated and if the origin of
the coronary arteries was not identified by noninvasive
technique. (Level of Evidence: C)

Class II1

1. Cardiac catheterization for hemodynamic measure-
ments is not recommended for the assessment of sever-
ity of AS before AVR when noninvasive tests are
adequate and concordant with clinical findings. (Level
of Evidence: C)

2. Cardiac catheterization for hemodynamic measure-
ments is not recommended for the assessment of LV
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function and severity of AS in asymptomatic patients.
(Level of Evidence: C)

In patients with AS, the indications for cardiac catheterization
and angiography are essentially the same as in other condi-
tions, namely, to assess the coronary circulation and confirm
or clarify the clinical diagnosis. In preparation for AVR,
coronary angiography is indicated in patients suspected of
having CAD, as discussed in Section 10.2. If the clinical and
echocardiographic data are typical of severe isolated AS,
coronary angiography may be all that is needed before AVR. A
complete left- and right-heart catheterization may be necessary
to assess the hemodynamic severity of the AS if there is a
discrepancy between clinical and echocardiographic data.

The pressure gradient across a stenotic valve is related to
the valve orifice area and the transvalvular flow.!3° Thus, in
the presence of depressed cardiac output, relatively low pressure
gradients may be obtained in patients with severe AS. On the
other hand, during exercise or other high-flow states, significant
pressure gradients can be measured in minimally stenotic valves.
For these reasons, complete assessment of AS requires

e measurement of transvalvular flow
e determination of the mean transvalvular pressure gradient
e calculation of the effective valve area.

Attention to detail with accurate measurements of pressure
and flow is important, especially in patients with low cardiac
output or a low transvalvular pressure gradient.

3.1.6. Low-Flow/Low-Gradient Aortic Stenosis
Class IIa

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

2. Cardiac catheterization for hemodynamic measure-
ments with infusion of dobutamine can be useful for
evaluation of patients with low-flow/low-gradient AS
and LV dysfunction. (Level of Evidence: C)

Patients with severe AS and low cardiac output often present
with a relatively low transvalvular pressure gradient (i.e.,
mean gradient less than 30 mm Hg). Such patients can be
difficult to distinguish from those with low cardiac output and
only mild to moderate AS. In the former (true anatomically
severe AS), the stenotic lesion contributes to an elevated
afterload, decreased ejection fraction, and low stroke volume.
In the latter, primary contractile dysfunction is responsible for
the decreased ejection fraction and low stroke volume; the
problem is further complicated by reduced valve opening
forces that contribute to limited valve mobility and apparent
stenosis. In both situations, the low-flow state and low-
pressure gradient contribute to a calculated effective valve
area that can meet criteria for severe AS. Alternate measures
of AS severity have been proposed as being less flow
dependent than gradients or valve area. These include valve
resistance and stroke work loss. However, all of these
measures are flow dependent, have not been shown to predict
clinical outcome, and have not gained widespread clinical
use. 40

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 determin-
ing whether stenosis is severe or only moderate in severi-
ty.123.141-147 Such studies can be performed in the echocardi-
ography laboratory or in the cardiac catheterization
laboratory. This approach is based on the notion that patients
who do not have true anatomically severe stenosis will
exhibit an increase in the valve area and little change in
gradient during an increase in stroke volume.'4!-142 Thus, if a
dobutamine infusion produces an increment in stroke volume
and an increase in valve area greater than 0.2 cm? and little
change in gradient, it is likely that baseline evaluation
overestimated the severity of stenosis. In contrast, patients with
severe AS will have a fixed valve area with an increase in stroke
volume and an increase in gradient. These patients are likely to
respond favorably to surgery. Patients who fail to show an
increase in stroke volume with dobutamine (less than 20%),
referred to as “lack of contractile reserve,” appear to have a very
poor prognosis with either medical or surgical therapy.>'48
Dobutamine stress testing in patients with AS should be per-
formed only in centers with experience in pharmacological stress
testing and with a cardiologist in attendance.

The clinical approach to the patient with low-output AS
relies on integration of multiple sources of data. In
addition to measurement of Doppler velocity, gradient, and
valve area, the extent of valve calcification should be
assessed. Severe calcification suggests that AVR may be
beneficial. When transthoracic images are suboptimal,
transesophageal imaging or fluoroscopy may be used to
assess the degree of valve calcification and orifice area.
The risk of surgery and patient comorbidities also are taken into
account. Although patients with low-output severe AS have a
poor prognosis, in those with contractile reserve, outcome is still
better with AVR than with medical therapy.!® Some patients
without contractile reserve may also benefit from AVR, but
decisions in these high-risk patients must be individualized
because there are no data indicating who will have a better
outcome with surgery.

3.1.7. Indications for Aortic Valve Replacement
Class I

1. AVR is indicated for symptomatic patients with severe
AS.* (Level of Evidence: B)

2. AVR is indicated for patients with severe AS* under-
going coronary artery bypass graft surgery (CABG).
(Level of Evidence: C)

3. AVR is indicated for patients with severe AS* under-
going surgery on the aorta or other heart valves. (Level
of Evidence: C)

4. AVR is recommended for patients with severe AS* and
LV systolic dysfunction (ejection fraction less than
0.50). (Level of Evidence: C)

*See Table 4.27

Downloaded from http://circ.ahajournals.org/ by guest on August 6, 2013


http://circ.ahajournals.org/

Bonow et al

ACC/AHA VHD Guidelines: 2008 Focused Update Incorporated

e545

Severe Aortic Stenosis
Vmax greater than 4 m/s
AVA less than 1.0 cm?
Mean gradient = 40 mm Hg

Undergoing CABG < |
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or other heart surgery?

Symptoms?
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Severe valve calcification,
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Figure 3. Management strategy for patients with severe aortic stenosis.

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. Modified from CM Otto. Valvular aortic stenosis: disease severity and timing of
intervention. J Am Coll Cardiol 2006;47:2141-51.149 AVA indicates aortic valve area; BP, blood pressure; CABG, coronary artery bypass graft surgery; echo, echocardiogra-
phy; LV, left ventricular; and Vmax, maximal velocity across aortic valve by Doppler echocardiography.

Class IIa

1.

AVR is reasonable for patients with moderate AS*
undergoing CABG or surgery on the aorta or other
heart valves (see Section 3.7 on combined multiple
valve disease and Section 10.4 on AVR in patients
undergoing CABG). (Level of Evidence: B)

Class IIb

1.

3.

4.

AVR may be considered for asymptomatic patients
with severe AS* and abnormal response to exercise
(e.g., development of symptoms or asymptomatic hy-
potension). (Level of Evidence: C)

AVR may be considered for adults with severe asymp-
tomatic AS* if there is a high likelihood of rapid progres-
sion (age, calcification, and CAD) or if surgery might be
delayed at the time of symptom onset. (Level of Evidence: C)
AVR may be considered in 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)

AVR may be considered for asymptomatic patients
with extremely severe AS (aortic valve area less than 0.6
cm?, mean gradient greater than 60 mm Hg, and jet velocity
greater than 5.0 m per second) when the patient’s expected
operative mortality is 1.0% or less. (Level of Evidence: C)

Class IIT

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 recommenda-
tions. (Level of Evidence: B)

In adults with severe, symptomatic, calcific AS, AVR is the
only effective treatment. Younger patients with congenital or
rheumatic AS may be candidates for valvotomy (see Section
6.1 under management of adolescents and young adults).
Although there is some lack of agreement about the optimal
timing of surgery in asymptomatic patients, it is possible to
develop rational guidelines for most patients. A proposed
management strategy for patients with severe AS is shown in
Fig. 3.14% Particular consideration should be given to the
natural history of asymptomatic patients and to operative
risks and outcomes after surgery. See also Section 7.2.

3.1.7.1. Symptomatic Patients

In symptomatic patients with AS, AVR improves symptoms and
improves survival.!06.150-155 These salutary results of surgery are
partly dependent on LV function. The outcome is similar in
patients with normal LV function and in those with moderate
depression of contractile function. The depressed ejection frac-
tion in many patients in this latter group is caused by excessive
afterload (afterload mismatch),°® and LV function improves after
AVR in such patients. If LV dysfunction is not caused by
afterload mismatch, survival is still improved, but improvement
in LV function and resolution of symptoms might not be
complete after AVR.150.15+156-158 Therefore, in the absence of
serious comorbid conditions, AVR is indicated in virtually all
symptomatic patients with severe AS. Because of the risk of
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sudden death, AVR should be performed promptly after the
onset of symptoms. Age is not a contraindication to surgery,
with several series showing outcomes similar to age-matched
normal subjects in the very elderly. The operative risks can be
estimated with readily available and well-validated online risk
calculators from the Society of Thoracic Surgeons (www.
sts.org) and the European System for Cardiac Operative Risk
Evaluation (www.euroscore.org),'5-16! as well as the risk cal-
culator developed specifically for valvular heart surgery by
Ambler et al.'6?

3.1.7.2. Asymptomatic Patients

Many clinicians are reluctant to proceed with AVR in an
asymptomatic patient,'®> whereas others are concerned about
caring for a patient with severe AS without surgery. Although
AVR is associated with low perioperative morbidity and
mortality in many centers, the average perioperative mortality
in the STS database is 3.0% to 4.0% for isolated AVR and
5.5% to 6.8% for AVR plus CABG.'¢+165 These rates are
33% higher in centers with low volume than in centers with
the highest surgical volume.!%° A review of Medicare data,'¢?
involving 684 US hospitals and more than 142 000 patients,
indicates that the average in-hospital mortality for AVR in
patients over the age of 65 years is 8.8% (13.0% in low-
volume centers and 6.0% in high-volume centers). In addi-
tion, despite improved longevity of current-generation bio-
prosthetic valves,198.199 AVR in young patients subjects them
to the risks of structural valve deterioration of bioprosthe-
ses!08:170-174 and the appreciable morbidity and mortality of
mechanical valves.!72174-178 Thus, the combined risk of
surgery in older patients and the late complications of a
prosthesis in younger patients needs to be balanced against
the possibility of preventing sudden death, which, as noted
above, occurs at a rate of less than 1.0% per year.

Despite these considerations, some difference of opinion
persists among clinicians regarding the indications for AVR
in asymptomatic patients with severe AS, because the prob-
ability of remaining free of cardiac symptoms without sur-
gery is less than 50% at 5 years.6'®%116¢ Some argue that
irreversible myocardial depression or fibrosis might develop
during a prolonged asymptomatic stage and that this might
preclude an optimal outcome. Such irreversibility has not
been proved, but this concept has been used to support early
surgery.'>2179 Still others attempt to identify patients who are
at especially high risk of sudden death without surgery,
although data supporting this approach are limited. Currently,
there is general agreement that the risk of AVR exceeds any
potential benefit in patients with severe AS who are truly
asymptomatic with normal LV systolic function. However, as
improved valve substitutes are developed and methods of
valve replacement become safer, the risk-benefit balance may
change to favor earlier intervention in AS.

Studies suggest that patients at risk of rapid disease
progression and impending symptom onset can be identified
on the basis of clinical and echocardiographic parameters.
The rate of hemodynamic progression is faster in patients
with asymptomatic severe®® or mild to moderate®® AS when
patient age is over 50 years and severe valve calcification or
concurrent CAD is present. Adverse clinical outcomes are

more likely in patients with a more rapid rate of hemody-
namic progression, defined as an annual increase in aortic jet
velocity greater than 0.3 m per second per year or a decrease
in valve area greater than 0.1 cm? per year.5'-% The presence
of left ventricular hypertrophy by ECG and smaller aortic
valve area by Doppler echocardiography predict the develop-
ment of symptoms.°!-!1¢ In addition, serum levels of B-type
natriuretic peptide may provide important prognostic infor-
mation.!®¢ In situations in which there is delay between
symptom onset and surgical intervention, patients are at high
risk of adverse outcomes during the waiting period. These
higher-risk patients might warrant more frequent echocardi-
ography or earlier consideration of valve replacement.

In the 1998 ACC/AHA Guidelines for the Management of
Patients with Valvular Heart Disease, consideration was
given to performing AVR in patients with AS and severe LV
hypertrophy and those with ventricular tachycardia (Class
IIb). The current committee determined that there was insuf-
ficient evidence to support those recommendations, which are
not carried forward in the current document.

3.1.7.3. Patients Undergoing Coronary Artery Bypass or
Other Cardiac Surgery

Patients with severe AS, with or without symptoms, who are
undergoing CABG should undergo AVR at the time of the
revascularization procedure. Similarly, patients with severe
AS undergoing surgery on other valves (such as MV repair)
or the aortic root should also undergo AVR as part of the
surgical procedure. In patients with moderate AS, it is
generally accepted practice to perform AVR at the time of
CABG.!81-185 Many clinicians also recommend AVR for
moderate AS at the time of MV or aortic root surgery (for
further detail, see Section 3.7, “Multiple Valve Disease”).
However, there are no data to support a policy of AVR for
mild AS at the time of CABG, with the exception of those
patients with moderate to severe valvular calcifica-
tion.%8.181.182,185-187 Recommendations for AVR at the time of
CABG are discussed in Section 10.4.

3.1.8. Aortic Balloon Valvotomy
Class IIb

1. Aortic balloon valvotomy might be reasonable as a
bridge to surgery in hemodynamically unstable adult
patients with AS who are at high risk for AVR. (Level
of Evidence: C)

2. Aortic balloon valvotomy might be reasonable for
palliation in adult patients with AS in whom AVR
cannot be performed because of serious comorbid
conditions. (Level of Evidence: C)

Class III

1. Aortic balloon valvotomy is not recommended as an
alternative to AVR in adult patients with AS; certain
younger adults without valve calcification may be an
exception (see Section 6.1.3). (Level of Evidence: B)

Percutaneous balloon aortic valvotomy is a procedure in
which 1 or more balloons are placed across a stenotic valve
and inflated to decrease the severity of AS.!88-190 This
procedure has an important role in treating adolescents and
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young adults with AS (see Section 6.1.) but a very limited
role in older adults. The mechanism underlying relief of the
stenotic lesion in older adults is fracture of calcific deposits
within the valve leaflets and, to a minor degree, stretching of
the annulus and separation of the calcified or fused commis-
sures.!1-193 Immediate hemodynamic results include a mod-
erate reduction in the transvalvular pressure gradient, but the
postvalvotomy valve area rarely exceeds 1.0 cm>. Despite the
modest change in valve area, an early symptomatic improve-
ment is usually seen. However, serious acute complications
occur with a frequency greater than 10%,'94-2% and resteno-
sis and clinical deterioration occur within 6 to 12 months in
most patients.!93-200-204 Therefore, in adults with AS, balloon
valvotomy is not a substitute for AVR.204-207

Some clinicians contend that despite the procedural mor-
bidity and mortality and limited long-term results, balloon
valvotomy can have a temporary role in the management of
some symptomatic patients who are not initially candidates
for AVR.2%7 For example, patients with severe AS and
refractory pulmonary edema or cardiogenic shock might
benefit from aortic valvuloplasty as a “bridge” to surgery; an
improved hemodynamic state may reduce the risks of sur-
gery. However, most clinicians recommend proceeding di-
rectly to AVR in these cases. The indications for palliative
valvotomy in patients in whom AVR cannot be recommended
because of serious comorbid conditions are even less well
established, with no data to suggest improved longevity,
although some patients do report a decrease in symptoms.
Most asymptomatic patients with severe AS who require
urgent noncardiac surgery can undergo surgery at a reason-
ably low risk with monitoring of anesthesia and attention to
fluid balance.?°8-212 Balloon aortic valvotomy is not recom-
mended for these patients. If preoperative correction of AS is
needed, they should be considered for AVR.

3.1.9. Medical Therapy for the Inoperable Patient

Comorbid conditions (e.g., malignancy) or, on occasion,
patient preferences might preclude AVR for severe AS.
Under such circumstances, there is no therapy that prolongs
life, and only limited medical therapies are available to
alleviate symptoms. Patients with evidence of pulmonary
congestion can benefit from cautious treatment with digitalis,
diuretics, and angiotensin converting enzyme (ACE) inhibi-
tors. Indeed, a cautious reduction in central blood volume and
LV preload can be efficacious in some patients with heart
failure symptoms. It should be recognized, however, that
excessive preload reduction can depress cardiac output and
reduce systemic arterial pressure; patients with severe AS are
especially subject to this untoward effect due to a small
hypertrophied ventricle. In patients with acute pulmonary
edema due to AS, nitroprusside infusion may be used to
reduce congestion and improve LV performance. Such ther-
apy should be performed in an intensive care unit under the
guidance of invasive hemodynamic monitoring.?!3 Digitalis
should be reserved for patients with depressed systolic
function or atrial fibrillation. Atrial fibrillation and other atrial
arrhythmias have an adverse effect on atrial pump function
and ventricular rate; if prompt cardioversion is unsuccessful,
pharmacological control of the ventricular rate is essential. If
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angina is the predominant symptom, cautious use of nitrates
and beta blockers can provide relief. There is no specific
medical therapy for syncope unless it is caused by a brady-
arrhythmia or tachyarrhythmia.

3.1.10. Evaluation After Aortic Valve Replacement
Considering the known complications of prosthetic aortic
valves,!08.170-178.214 patients require periodic clinical and se-
lected laboratory examinations after AVR. A complete his-
tory and physical examination should be performed at least
once a year. Indications for echocardiography are discussed
in Section 9.3.

3.1.11. Special Considerations in the Elderly

Because there is no effective medical therapy and balloon
valvotomy is not an acceptable alternative to surgery, AVR
must be considered in all elderly patients who have symptoms
caused by AS. Valve replacement is technically possible at
any age,?'> but the decision to proceed with such surgery
depends on many factors, including the patient’s wishes and
expectations. Older patients with symptoms due to severe AS,
normal coronary arteries, and preserved LV function can
expect a better outcome than those with CAD or LV dysfunc-
tion.'!® Certainly advanced cancer and permanent neurolog-
ical defects as a result of stroke or dementia make cardiac
surgery inappropriate. Deconditioned and debilitated patients
often do not return to an active existence, and the presence of
the other comorbid disorders could have a major impact on
outcome.

In addition to the confounding effects of CAD and the
potential for stroke, other considerations are peculiar to older
patients. For example, a narrow LV outflow tract and a small
aortic annulus sometimes present in elderly women could
require enlargement of the annulus. Heavy calcification of the
valve, annulus, and aortic root may require debridement.
Occasionally, a composite valve-aortic graft is needed. Like-
wise, excessive or inappropriate hypertrophy associated with
valvular stenosis can be a marker for perioperative morbidity
and mortality.8!-83 Preoperative recognition of elderly patients
with marked LV hypertrophy followed by appropriate peri-
operative management can reduce this morbidity and mortal-
ity substantially. There is no perfect method for weighing all
of the relevant factors and identifying specifically high- and
low-risk elderly patients, but this risk can be estimated well in
individual patients.!5°-162.216 The decision to proceed with
AVR depends on an imprecise analysis that considers the
balance between the potential for improved symptoms and
survival and the morbidity and mortality of surgery.?!7-21°

3.2. Aortic Regurgitation

3.2.1. Etiology

There are a number of common causes of AR. These include
idiopathic dilatation of the aorta, congenital abnormalities of
the aortic valve (most notably bicuspid valves), calcific
degeneration, rheumatic disease, infective endocarditis, sys-
temic hypertension, myxomatous degeneration, dissection of
the ascending aorta, and Marfan syndrome. Less common
causes include traumatic injuries to the aortic valve, ankylos-
ing spondylitis, syphilitic aortitis, rheumatoid arthritis, osteo-
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genesis imperfecta, giant cell aortitis, Ehlers-Danlos syn-
drome, Reiter’s syndrome, discrete subaortic stenosis, and
ventricular septal defects with prolapse of an aortic cusp.
Recently, anorectic drugs have also been reported to cause
AR (see Section 3.9.). The majority of these lesions produce
chronic AR with slow, insidious LV dilation and a prolonged
asymptomatic phase (Table 4).27 Other lesions, in particular
infective endocarditis, aortic dissection, and trauma, more
often produce acute severe AR, which can result in sudden
catastrophic elevation of L'V filling pressures and reduction in
cardiac output.

3.2.2. Acute Aortic Regurgitation

3.2.2.1. Pathophysiology

In acute severe AR, the sudden large regurgitant volume is
imposed on a left ventricle of normal size that has not had
time to accommodate the volume overload. With an abrupt
increase in end-diastolic volume, the ventricle operates on the
steep portion of a normal diastolic pressure-volume relation-
ship, and LV end-diastolic and left atrial pressures may
increase rapidly and dramatically. The Frank-Starling mech-
anism is used, but the inability of the ventricle to develop
compensatory chamber dilatation acutely results in a decrease
in forward stroke volume. Although tachycardia develops as
a compensatory mechanism to maintain cardiac output, this is
often insufficient. Hence, patients frequently present with
pulmonary edema or cardiogenic shock. Acute AR creates
especially marked hemodynamic changes in patients with
pre-existing pressure overload hypertrophy, in whom the
small, noncompliant LV cavity is set on an even steeper
diastolic pressure-volume relationship and has reduced pre-
load reserve. Examples of this latter situation include aortic
dissection in patients with systemic hypertension, infective
endocarditis in patients with pre-existing AS, and acute
regurgitation after balloon valvotomy or surgical commissur-
otomy for congenital AS. Patients may also present with signs
and symptoms of myocardial ischemia. As the LV end-
diastolic pressure approaches the diastolic aortic and coro-
nary artery pressures, myocardial perfusion pressure in the
subendocardium is diminished. LV dilation and thinning of
the LV wall result in increased afterload, and this combines
with tachycardia to increase myocardial oxygen demand.
Therefore, ischemia and its consequences, including sudden
death, occur commonly in acute severe AR.

3.2.2.2. Diagnosis

Many of the characteristic physical findings of chronic AR
are modified or absent when valvular regurgitation is acute,
which can lead to underestimation of its severity. LV size
may be normal on physical examination, and cardiomegaly
may be absent on chest X-ray. Pulse pressure may not be
increased because systolic pressure is reduced and the aortic
diastolic pressure equilibrates with the elevated LV diastolic
pressure. Because this diastolic pressure equilibration be-
tween aorta and ventricle can occur before the end of diastole,
the diastolic murmur may be short and/or soft and therefore
poorly heard. The elevated LV diastolic pressure can close
the MV prematurely, reducing the intensity of the first heart
sound. An apical diastolic rumble can be present, but it is

usually brief and without presystolic accentuation. Tachycar-
dia is invariably present.

Echocardiography is indispensable in confirming the pres-
ence and severity of the valvular regurgitation, determining
its cause, estimating the degree of pulmonary hypertension (if
TR is present), and determining whether there is rapid
equilibration of aortic and LV diastolic pressure. Evidence for
rapid pressure equilibration includes a short AR diastolic
half-time (less than 300 ms), a short mitral deceleration time
(less than 150 ms), or premature closure of the MV.

Acute AR caused by aortic root dissection is a surgical
emergency that requires particularly prompt identification
and management. Transesophageal echocardiography is indi-
cated when aortic dissection is suspected.?2222 In some
settings, computed tomographic imaging or magnetic reso-
nance imaging should be performed if this will lead to a more
rapid diagnosis than can be achieved by transesophageal
echocardiography.220-221.223 Cardiac catheterization, aortogra-
phy, and coronary angiography are rarely required, are
associated with increased risk, and might delay urgent sur-
gery unnecessarily.?21.224-227 Angiography should be consid-
ered only when the diagnosis cannot be determined by
noninvasive imaging and when patients have known CAD,
especially those with previous CABG (see Section 10.2).

3.2.2.3. Treatment

Death due to pulmonary edema, ventricular arrhythmias,
electromechanical dissociation, or circulatory collapse is
common in acute severe AR, even with intensive medical
management. Urgent surgical intervention is recommended.
Nitroprusside, and possibly inotropic agents such as dopa-
mine or dobutamine to augment forward flow and reduce LV
end-diastolic pressure, may be helpful to manage the patient
temporarily before surgery. Intra-aortic balloon counterpul-
sation is contraindicated. Although beta blockers are often
used in treating aortic dissection, these agents should be used
very cautiously, if at all, in the setting of acute AR because
they will block the compensatory tachycardia. In patients
with acute severe AR resulting from infective endocarditis,
surgery should not be delayed, especially if there is hypoten-
sion, pulmonary edema, or evidence of low output. In patients
with mild acute AR, antibiotic treatment may be all that is
necessary if the patient is hemodynamically stable. Excep-
tions to this latter recommendation are discussed in Section
4.6.1.

3.2.3. Chronic Aortic Regurgitation

3.2.3.1. Pathophysiology

The left ventricle responds to the volume load of chronic AR
with a series of compensatory mechanisms, including an
increase in end-diastolic volume, an increase in chamber
compliance that accommodates the increased volume without
an increase in filling pressures, and a combination of eccen-
tric and concentric hypertrophy. The greater diastolic volume
permits the ventricle to eject a large total stroke volume to
maintain forward stroke volume in the normal range. This is
accomplished through rearrangement of myocardial fibers
with the addition of new sarcomeres and development of
eccentric LV hypertrophy.??® As a result, preload at the
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sarcomere level remains normal or near normal, and the
ventricle retains its preload reserve. The enhanced total stroke
volume is achieved through normal performance of each
contractile unit along the enlarged circumference.??® Thus,
LV ejection performance is normal, and ejection phase
indexes such as ejection fraction and fractional shortening
remain in the normal range. However, the enlarged chamber
size, with the associated increase in systolic wall stress, also
results in an increase in LV afterload and is a stimulus for
further hypertrophy.?28-23° Thus, AR represents a condition of
combined volume overload and pressure overload.>3' As the
disease progresses, recruitment of preload reserve and com-
pensatory hypertrophy permit the ventricle to maintain nor-
mal ejection performance despite the elevated afterload.?32.233
The majority of patients remain asymptomatic throughout
this compensated phase, which may last for decades. Vaso-
dilator therapy has the potential to reduce the hemodynamic
burden in such patients.

For purposes of the subsequent discussion, patients with
normal LV systolic function will be defined as those with
normal LV ejection fraction at rest. It is recognized that other
indices of LV function may not be “normal” in chronic severe
AR and that the hemodynamic abnormalities noted above
may be considerable. It is also recognized that the transition
to LV systolic dysfunction represents a continuum and that
there is no single hemodynamic measurement that represents
the absolute boundary between normal LV systolic function
and LV systolic dysfunction.

In a large subset of patients, the balance between afterload
excess, preload reserve, and hypertrophy cannot be main-
tained indefinitely. Preload reserve may be exhausted,???
and/or the hypertrophic response may be inadequate,® so that
further increases in afterload result in a reduction in ejection
fraction, first into the low normal range and then below
normal. Impaired myocardial contractility may also contrib-
ute to this process. Patients often develop dyspnea at this
point in the natural history. In addition, diminished coronary
flow reserve in the hypertrophied myocardium may result in
exertional angina.?** However, this transition may be much
more insidious, and it is possible for patients to remain
asymptomatic until severe LV dysfunction has developed.

LV systolic dysfunction (defined as an ejection fraction below
normal at rest) is initially a reversible phenomenon related
predominantly to afterload excess, and full recovery of LV size
and function is possible with AVR.235-24¢ With time, during
which the ventricle develops progressive chamber enlargement
and a more spherical geometry, depressed myocardial contrac-
tility predominates over excessive loading as the cause of
progressive systolic dysfunction. This can progress to the extent
that the full benefit of surgical correction of the regurgitant
lesion, in terms of recovery of LV function and improved
survival, can no longer be achieved.?#4-247-256

A large number of studies have identified LV systolic func-
tion and end-systolic size as the most important determinants of
survival and postoperative LV function in patients undergoing
AVR for chronic AR.?35:237-267 Studies of predictors of surgical
outcome are listed in Table 13.

Among patients undergoing valve replacement for chronic
AR with preoperative LV systolic dysfunction (defined as an
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ejection fraction below normal at rest), several factors are
associated with worse functional and survival results after
operation. These are listed in Table 14.

3.2.3.2. Natural History

3.2.3.2.1. Asymptomatic Patients With Normal Left Ventric-
ular Function. There are no truly large-scale studies evaluating
the natural history of asymptomatic patients in whom LV
systolic function was known to be normal (as determined by
invasive or noninvasive testing). The current recommendations
are derived from 9 published series?°-277 involving a total of
593 such patients (range, 27 to 104 patients/series) with a mean
follow-up period of 6.6 years (Table 15). This analysis is subject
to the usual limitations of comparisons of different clinical series
with different patient selection factors and different end points.
For example, 1 series?’° represents patients receiving placebo in
a randomized drug trial?’® that included some patients with
“early” New York Heart Association (NYHA) functional class II
symptoms (although none had “limiting” symptoms), and an-
other?”? represents patients receiving digoxin in a long-term
study comparing the effects of nifedipine with digoxin. In 2
studies,?’+27¢ LV function was not reported in all patients, and it
is unclear whether all had normal LV systolic function at
baseline. In another study,?”> 20% of patients were not
asymptomatic but had “early” NYHA functional class II
symptoms, and the presence of these symptoms was a
significant predictor of death, LV dysfunction, or develop-
ment of more severe symptoms. Some patients in this latter
series had evidence of LV systolic dysfunction (fractional
shortening as low as 18%).

The results of these 9 studies are summarized in Tables 15 and
16. The rate of progression to symptoms and/or LV systolic
dysfunction averaged 4.3% per year. Sudden death occurred in 7
of the 593 patients, for an average mortality rate of less than
0.2% per year. Seven of the 9 studies reported the rate of
development of asymptomatic LV dysfunction, defined as an
ejection fraction at rest below normal?6°-273275.276; 37 of a total
of 535 patients developed depressed systolic function at rest
without symptoms during a mean 5.9-year follow-up period, a
rate of 1.2% per year.

Despite the low likelihood of patients developing asymptom-
atic LV dysfunction, it should also be emphasized that more than
one fourth of patients who die or develop systolic dysfunction do
so before the onset of warning symptoms.26°-271.275 Thus, thor-
ough questioning of patients regarding symptomatic status is not
sufficient in the serial evaluation of asymptomatic patients;
quantitative evaluation of LV function is also indispensable.
Moreover, patients at risk of future symptoms, death, or LV
dysfunction can also be identified on the basis of noninvasive
testing. Five of the natural history studies provide concordant
information on the variables associated with higher risk.270-272.275.276
These variables are age, LV end-systolic dimension (or volume),
LV end-diastolic dimension (or volume), and the LV ejection
fraction during exercise. In 1 study,?”> the LV ejection fraction
during exercise was an independent risk factor. However, the
direction and magnitude of change in ejection fraction from rest
to exercise is related not only to myocardial contractility?” but
also to severity of volume overload?”!278-280 and exercise-
induced changes in preload and peripheral resistance.?®* In 2
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Table 13. Preoperative Predictors of Surgical Outcome in Aortic Regurgitation

October 7, 2008

Study, Year

Study
Design

No. of
Patients

Outcome Assessed

Findings

Forman et al., 1980251

Henry et al., 1980257

Cunha et al., 1980250

Greves et al., 1981252

Kumpuris et al., 1982258

Gaasch et al., 1983253

Fioretti et al., 1983259

Stone et al., 1984260

Bonow et al., 1985,
1988254, 245

Daniel et al., 1985261

Cormier et al., 1986262
Sheiban et al., 1986263
Carabello et al., 1987243
Taniguchi et al., 1987244
Michel et al., 1995256
Klodas et al., 1996,

1997264, 265
Turina et al., 1998266

Retrospective

Prospective

Retrospective

Retrospective

Prospective

Prospective

Retrospective

Prospective

Prospective

Retrospective

Prospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

90

50

86

45

43

32

a7

113

80

84

73

84

14

62

286

289

192

Survival

Survival

Survival

Survival

Survival, heart failure,
LV function

Symptoms, LV
function

LV function

LV function

Survival, LV function

Survival, symptoms,
LV function

Survival

Survival

LV function

Survival

LV function

Survival

Survival

High-risk group identified by preoperative angiographic LV EF
less than 0.50

High-risk group identified by preoperative echocardiographic LV
FS less than 0.25 and/or ESD greater than 55 mm

High-risk group identified by preoperative echocardiographic LV
FS less than 0.30. Mortality also significantly associated with
preoperative ESD. Among patients with FS less than 0.30,
mortality higher in NYHA FC lll-IV than in FC I-II.

High-risk group identified by preoperative angiographic LV EF
less than 0.45 and/or Cl less than 2.5 L/mm. Among patients
with EF less than 0.45, mortality higher in NYHA FC lll-IV than
in FC I-I.

Persistent LV dilatation after AVR predicted by preoperative
echocardiographic LV ESD, radius/thickness mean and end-
systolic wall stress. All deaths occurred in patients with
persistent LV dilatation.

Persistent LV dilatation after AVR predicted by echocardiographic
LV ESD greater than 2.6 cm/m? and radius/thickness ratio
greater than 3.8. Trend toward worse survival in patients with
persistent LV dilatation.

Persistent LV dysfunction predicted by preoperative EDD 75 mm
or greater and/or ESD 55 mm or greater

Normal LV function after AVR predicted by preoperative LV FS
greater than 0.26, ESD less than 55 mm, and EDD less than
80 mm. No preoperative variable predicted postoperative LV
function.

Postoperative survival and LV function predicted by preoperative
LV EF, FS, and ESD. High-risk group identified by subnormal
EF at rest. Among patients with subnormal EF, poor exercise
tolerance and prolonged duration of LV dysfunction identified
the highest-risk group.

Outcome after AVR predicted by preoperative LV FS and ESD.
Survival at 2.5 years was 90.5% with FS greater than 0.25
and ESD 55 mm or less but only 70% with ESD greater than
55 mm and FS 25% or less.

High-risk group identified by preoperative LV EF less than 0.40
and ESD 55 mm or greater

High-risk group identified by preoperative LV EF less than 0.50
and ESD greater than 55 mm

Postoperative LV EF predicted by preoperative ESD, FS, EDD, and
radius/thickness ratio

High-risk group identified by preoperative ESV greater than 200
ml/m? and/or EF less than 0.40

Postoperative LV dysfunction predicted by preoperative LV EF, FS,
ESD, and EDD

High-risk group identified by symptom severity and preoperative
EF less than 0.50

High-risk group identified by symptom severity, low EF, and
elevated end-diastolic volume

AVR indicates aortic valve replacement; Cl, cardiac index; EDD, end-diastolic dimension; EF, ejection fraction; ESD, end-systolic dimension; ESV, end-systolic
volume; FC, functional class; FS, fractional shortening; LV, left ventricular; and NYHA, New York Heart Association.

multivariate analyses,?’-27¢ only age and end-systolic dimension
on initial study were independent predictors of outcome, as were
the rate of increase in end-systolic dimension and decrease in
resting ejection fraction during serial longitudinal studies.?”!
During a mean follow-up period of 8 years, patients with initial
end-systolic dimensions greater than 50 mm had a likelihood of

death, symptoms, and/or LV dysfunction of 19% per year. In
those with end-systolic dimensions of 40 to 50 mm, the likeli-
hood was 6% per year, and when the dimension was less than 40
mm, it was zero.27!

3.2.3.2.2. Asymptomatic Patients With Depressed Systolic
Function. The limited data in asymptomatic patients with
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Table 14. Factors Predictive of Reduced Postoperative
Survival and Recovery of Left Ventricular Function in Patients
With Aortic Regurgitation and Preoperative Left Ventricular
Systolic Dysfunction

Severity of preoperative symptoms or reduced exercise tolerance
Severity of depression of left ventricular ejection fraction
Duration of preoperative left ventricular systolic dysfunction

depressed LV ejection fraction indicate that the majority develop
symptoms that warrant AVR within 2 to 3 years.?81-283 The
average rate of symptom onset in such patients is greater than
25% per year (Table 16).268-277.281-288
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3.2.3.2.3. Symptomatic Patients. There are no contemporary
large-scale studies of the natural history of symptomatic
patients with chronic AR, because the onset of angina or
significant dyspnea is usually an indication for valve replace-
ment. The data developed in the presurgical era indicate that
patients with dyspnea, angina, or overt heart failure have a
poor outcome with medical therapy, analogous to that of
patients with symptomatic AS. Mortality rates of greater than
10% per year have been reported in patients with angina
pectoris and greater than 20% per year in those with heart
failure.284-286 LV function was not measured in these patients,
so it is unclear whether symptomatic patients with normal

Table 15. Studies of the Natural History of Asymptomatic Patients With Aortic Regurgitation

Progression
to Symptoms,

Death, or LV

Mean Dysfunction,

No. of Follow-Up, Rate per y
Study, Year Patients y (%)

Progression to
Asymptomatic
LV Dysfunction

Rate pery  Mortality, No.

] (%) of Patients Comments

Bonow et al., 1983, 104 8.0 3.8
1991268, 271

Scognamiglio et al., 1986* 269 30 4.7 21

Siemienczuk et al., 1989270 50 3.7 4.0

Scognamiglio et al., 1994*272 74 6.0 5.7

Tornos et al., 1995273 101 4.6 3.0

Ishii et al., 1996274 27 142 3.6

Borer et al., 1998275 104 7.3 6.2

Tarasoutchi et al., 2003276 72 10 47

Evangelista et al., 2005277 31 7 3.6

Average 593 6.6 43

4 0.5 2 Outcome predicted by LV ESD,
EDD, change in EF with exercise,
and rate of change in ESD and

EF at rest with time.

3 Patients who developed
asymptomatic LV dysfunction
initially had lower PAP/ESV ratios
and trended toward higher LV
ESD and EDD and lower FS

Patients included those receiving
placebo and medical dropouts in
a randomized drug trial; included
some patients with NYHA FC Il
symptoms; outcome predicted by
LV ESV, EDV, change in EF with
exercise, and end-systolic wall
stress

All patients received digoxin as part
of a randomized trial

Outcome predicted by pulse
pressure, LV ESD, EDD, and EF
at rest

Development of symptoms
predicted by systolic BP, LV ESD,
EDD, mass index, and wall
thickness. LV function not
reported in all patients

20% of patients in NYHA FC II;
outcome predicted by initial FC Il
symptoms, change in LV EF with
exercise, LV ESD, and LV FS

Development of symptoms
predicted by LV ESD and EDD.
LV function not reported in all
patients

Placebo control group in 7-year
vasodilator clinical trial

37 1.2 0.18% pery

A dash indicates that data were not available. *Two studies by the same authors involved separate patient groups.
BP indicates blood pressure; EDD, end-diastolic dimension; EDV, end-diastolic volume; EF, ejection fraction; ESD, end-systolic dimension; ESV, end-systolic volume;
FC, functional class; FS, fractional shortening; LV, left ventricular; NYHA, New York Heart Association; and PAP, pulmonary artery pressure.
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Table 16. Natural History of Aortic Regurgitation

Asymptomatic patients with normal LV systolic
function268-277

Progression to symptoms and/or LV
dysfunction

Progression to asymptomatic LV dysfunction
Sudden death

Asymptomatic patients with LV
dysfunction281-283

Progression to cardiac symptoms
Symptomatic patients2s4-2s8
Mortality rate

Less than 6% per y

Less than 3.5% pery
Less than 0.2% per y

Greater than 25% per y

Greater than 10% per y

LV indicates left ventricular.

ejection fractions have the same adverse outcome as symp-
tomatic patients with LV dysfunction; however, subsequent
data indicate a poor outcome for symptomatic patients with
medical therapy, even among those with preserved LV
systolic function.?74:287.288

3.2.3.3. Diagnosis and Initial Evaluation

Class 1

1. Echocardiography is indicated to confirm the pres-
ence and severity of acute or chronic AR. (Level of
Evidence: B)

2. Echocardiography is indicated for diagnosis and as-
sessment of the cause of chronic AR (including valve
morphology and aortic root size and morphology) and
for assessment of LV hypertrophy, dimension (or
volume), and systolic function. (Level of Evidence: B)

3. Echocardiography is indicated in patients with an
enlarged aortic root to assess regurgitation and the
severity of aortic dilatation. (Level of Evidence: B)

4. Echocardiography is indicated for the periodic re-
evaluation of LV size and function in asymptomatic
patients with severe AR. (Level of Evidence: B)

5. Radionuclide angiography or magnetic resonance im-
aging is indicated for the initial and serial assessment
of LV volume and function at rest in patients with AR
and suboptimal echocardiograms. (Level of Evidence:
B)

6. Echocardiography is indicated to re-evaluate mild,
moderate, or severe AR in patients with new or
changing symptoms. (Level of Evidence: B)

Class IIa

1. Exercise stress testing for chronic AR is reasonable for
assessment of functional capacity and symptomatic
response in patients with a history of equivocal symp-
toms. (Level of Evidence: B)

2. Exercise stress testing for patients with chronic AR is
reasonable for the evaluation of symptoms and func-
tional capacity before participation in athletic activi-
ties. (Level of Evidence: C)

3. Magnetic resonance imaging is reasonable for the
estimation of AR severity in patients with unsatisfac-
tory echocardiograms. (Level of Evidence: B)

Class IIb

1. Exercise stress testing in patients with radionuclide
angiography may be considered for assessment of LV
function in asymptomatic or symptomatic patients
with chronic AR. (Level of Evidence: B)

The diagnosis of chronic severe AR can usually be made on
the basis of the diastolic murmur, displaced LV impulse, wide
pulse pressure, and characteristic peripheral findings that
reflect wide pulse pressure. A third heart sound is often heard
as a manifestation of the volume load and is not necessarily
an indication of heart failure. An Austin-Flint rumble is a
specific finding for severe AR.?89:290 In many patients with
more mild to moderate AR, the physical examination will
identify the regurgitant lesion but will be less accurate in
determining its severity. When the diastolic murmur of AR is
louder in the third and fourth right intercostal spaces than in
the third and fourth left intercostal spaces, the AR likely
results from aortic root dilatation rather than from a deformity
of the leaflets alone.?*! The chest X-ray and ECG are helpful
in evaluating overall heart size and rhythm, evidence of LV
hypertrophy, and evidence of conduction disorders.
Echocardiography is indicated:

e to confirm the diagnosis of AR if there is an equivocal
diagnosis based on physical examination

e to assess the cause of AR and to assess valve morphology

e to provide a semiquantitative estimate of the severity of
AR

e to assess LV dimension, mass, and systolic function

e to assess aortic root size.

In asymptomatic patients with preserved systolic function,
these initial measurements represent the baseline information
with which future serial measurements can be compared. In
addition to semiquantitative assessment of the severity of AR
by color flow jet area and width by Doppler echocardiogra-
phy, quantitative measurement of regurgitant volume, regur-
gitant fraction, and regurgitant orifice area can be performed
in experienced laboratories (Table 4).27 Indirect measures of
severity of AR are helpful, using the rate of decline in
regurgitant gradient measured by the slope of diastolic flow
velocity, the degree of reversal in pulse wave velocity in the
descending aorta, and the magnitude of LV outflow tract
velocity.?292.293 Comparison of stroke volumes at the aortic
valve compared with another uninvolved valve may provide
a quantitative measurement of regurgitant fraction,2°* but this
measurement is more technically demanding.

LV wall stress may also be estimated from blood pressure
and echocardiographic measurements. However, such wall
stress measurements are difficult to reproduce, have method-
ological and conceptual problems, and should not be used for
diagnosis or management decision making in clinical
practice.

For purposes of the subsequent discussion of management
of patients with AR, severe AR is defined as clinical and
Doppler evidence of severe regurgitation (Table 4)%7 in
addition to LV cavity dilatation. If the patient is asymptom-
atic and leads an active lifestyle and the echocardiogram is of
good quality, no other testing is necessary. If the patient has
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Figure 4. Management strategy for patients with chronic severe aortic regurgitation.

Preoperative coronary angiography should be performed routinely as determined by age, symptoms, and coronary risk factors. Cardiac catheterization and angiogra-

phy 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 radionuclide ventriculography (RVG) or magnetic resonance imaging (MRI) rather than echocardiography (Echo)
to assess left ventricular (LV) volume and systolic function. AVR indicates aortic valve replacement; DD, end-diastolic dimension; EF, ejection fraction; eval, evalua-

tion; and SD, end-systolic dimension.

severe AR and is sedentary or has equivocal symptoms,
exercise testing is helpful to assess functional capacity,
symptomatic responses, and hemodynamic effects of exercise
(Fig. 4). If the echocardiogram is of insufficient quality to
assess LV function, radionuclide angiography or cardiac
magnetic resonance should be used in asymptomatic patients
to measure LV ejection fraction at rest and estimate LV
volumes. In patients who are symptomatic on initial evalua-
tion, it is reasonable to proceed directly to transesophageal
echocardiography or cardiac catheterization and angiography
if the echocardiogram is of insufficient quality to assess LV
function or severity of AR.

The exercise ejection fraction and the change in ejection
fraction from rest to exercise are often abnormal, even in
asymptomatic patients?68.270-272,275,283,295-303; however, these
have not been proved to have independent diagnostic or
prognostic value when LV function at rest and severity of LV
volume overload by echocardiography are already known.
One study that did identify the LV ejection fraction response
to exercise as a predictor of symptomatic deterioration or LV
dysfunction??> included many patients with NYHA functional
class II symptoms, LV systolic dysfunction (fractional short-
ening as low as 18%), and severe LV dilatation (end-diastolic

and end-systolic dimensions as high as 87 and 65 mm,
respectively). Hence, the predictive nature of this response in
asymptomatic patients with normal LV systolic function and
without severe LV dilatation has not been fully demonstrated.

3.2.3.4. Medical Therapy

Class 1

1. Vasodilator therapy is indicated for chronic therapy in
patients with severe AR who have symptoms or LV
dysfunction when surgery is not recommended because
of additional cardiac or noncardiac factors. (Level of
Evidence: B)

Class Ila

1. Vasodilator therapy is reasonable for short-term therapy
to improve the hemodynamic profile of patients with
severe heart failure symptoms and severe LV dysfunction
before proceeding with AVR. (Level of Evidence: C)

Class IIb
1. Vasodilator therapy may be considered for long-term
therapy in asymptomatic patients with severe AR who
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have LV dilatation but normal systolic function. (Level
of Evidence: B)

Class III

1. Vasodilator therapy is not indicated for long-term
therapy in asymptomatic patients with mild to moder-
ate AR and normal LV systolic function. (Level of
Evidence: B)

2. Vasodilator therapy is not indicated for long-term
therapy in asymptomatic patients with LV systolic
dysfunction who are otherwise candidates for AVR.
(Level of Evidence: C)

3. Vasodilator therapy is not indicated for long-term ther-
apy in symptomatic patients with either normal LV
function or mild to moderate LV systolic dysfunction who
are otherwise candidates for AVR. (Level of Evidence: C)

Therapy with vasodilating agents is designed to improve
forward stroke volume and reduce regurgitant volume. These
effects should translate into reductions in LV end-diastolic
volume, wall stress, and afterload, resulting in preservation of
LV systolic function and reduction in LV mass. The acute
administration of sodium nitroprusside, hydralazine, nifedi-
pine, or felodipine reduces peripheral vascular resistance and
results in an immediate augmentation in forward cardiac
output and a decrease in regurgitant volume.304-313 With
nitroprusside and hydralazine, these acute hemodynamic
changes lead to a consistent reduction in end-diastolic volume
and an increase in ejection fraction.3%4-306.312 This is an incon-
sistent finding with a single oral dose of nifedipine.308-3!1
Reduced end-diastolic volume and increased ejection fraction
have also been observed in small numbers of patients receiving
long-term oral therapy with hydralazine and nifedipine for
periods of 1 to 2 years?’8314; with nifedipine, these effects are
associated with a reduction in LV mass.?72:314 Less consis-
tent results have been reported with ACE inhibitors,
depending on the degree of reduction in arterial pressure
and end-diastolic volume.3'5-317 Reduced blood pressure
with enalapril and quinapril has been associated with
decreases in end-diastolic volume and mass but no change
in ejection fraction.316:317

There are 3 potential uses of vasodilating agents in chronic
AR. It should be emphasized that these criteria apply only to
patients with severe AR. The first is long-term treatment of
patients with severe AR who have symptoms and/or LV dys-
function who are considered poor candidates for surgery because
of additional cardiac or noncardiac factors. The second is
improvement in the hemodynamic profile of patients with severe
heart failure symptoms and severe LV dysfunction with short-
term vasodilator therapy before proceeding with AVR. In such
patients, vasodilating agents with negative inotropic effects
should be avoided. The third is prolongation of the compensated
phase of asymptomatic patients who have volume-loaded left
ventricles but normal systolic function.

Whether this latter effect can be achieved has been inves-
tigated in only 2 studies. The first study compared long-acting
nifedipine versus digoxin in a prospective randomized
trial.?’> Over a 6-year period, fewer patients randomized to
nifedipine required AVR because of symptoms or develop-

ment of LV dysfunction (ejection fraction less than 0.50).
This study enrolled a relatively small number of patients (143
patients); there were relatively few end points (20 patients in
the digoxin group and 6 in the nifedipine group underwent
AVR); and there was no placebo control group. A more
recent study compared placebo, long-acting nifedipine, and
enalapril in 95 consecutive patients, who were followed for 7
years.?”” Neither nifedipine nor enalapril reduced the devel-
opment of symptoms or LV dysfunction warranting AVR
compared with placebo. Moreover, neither drug significantly
altered LV dimension, ejection fraction, or mass over the
course of time compared with placebo. Thus, definitive
recommendations regarding the indications for long-acting
nifedipine or ACE inhibitors cannot be made at this time.

If vasodilator therapy is used, the goal is to reduce systolic
blood pressure, and drug dosage should be increased until
there is a measurable decrease in systolic blood pressure or
the patient develops side effects. It is rarely possible to decrease
systolic blood pressure to normal because of the increased LV
stroke volume, and drug dosage should not be increased exces-
sively in an attempt to achieve this goal. Vasodilator therapy is
of unknown benefit and is not indicated in patients with normal
blood pressure or normal LV cavity size.

Vasodilator therapy is not recommended for asymptomatic
patients with mild or moderate AR and normal LV function in
the absence of systemic hypertension, because these patients
have an excellent outcome with no therapy. In patients with
severe AR, vasodilator therapy is not an alternative to surgery
in asymptomatic or symptomatic patients with LV systolic
dysfunction; such patients should be considered surgical
candidates rather than candidates for long-term medical
therapy unless AVR is not recommended because of addi-
tional cardiac or noncardiac factors. Whether symptomatic
patients who have preserved systolic function can be treated
safely with aggressive medical management and whether
aggressive medical management is as good or better than
AVR have not been determined. It is recommended that
symptomatic patients undergo surgery rather than long-term
medical therapy.

There is scant information about long-term therapy with
drugs other than vasodilators in asymptomatic patients with
severe AR and normal LV function. Thus, there are no data to
support the long-term use of digoxin, diuretics, nitrates, or
positive inotropic agents in asymptomatic patients and no data
with regard to any drug in patients with mild or moderate AR.

3.2.3.5. Physical Activity and Exercise

There are no data suggesting that exercise, particularly
strenuous periodic exercise, will contribute to or accelerate
the progression of LV dysfunction in AR. Asymptomatic
patients with normal LV systolic function may participate in
all forms of normal daily physical activity, including mild
forms of exercise and in some cases competitive athletics.
Isometric exercise should be avoided. Recommendations
regarding participation in competitive athletics were pub-
lished by the Task Force on Acquired Valvular Heart Disease
of the 36th Bethesda Conference.!*® Before participation in
athletics, exercise testing to at least the level of exercise
required by the proposed activity is recommended so that the
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patient’s tolerance for this degree of exercise can be evalu-
ated. This does not necessarily evaluate the long-term effects
of strenuous exercise, which are unknown.

3.2.3.6. Serial Testing

The aim of serial evaluation of asymptomatic patients with
chronic AR is to detect the onset of symptoms and objectively
assess changes in LV size and function that can occur in the
absence of symptoms. In general, the stability and chronicity
of the regurgitant lesion and the LV response to volume load
need to be established when the patient first presents to the
physician, especially if AR is moderate to severe. If the
chronic nature of the lesion is uncertain and the patient does
not present initially with one of the indications for surgery,
repeat physical examination and echocardiography should be
performed within 2 to 3 months after the initial evaluation to
ensure that a subacute process with rapid progression is not
under way. Once the chronicity and stability of the process
has been established, the frequency of clinical re-evaluation
and repeat noninvasive testing depends on the severity of the
valvular regurgitation, the degree of LV dilatation, the level
of systolic function, and whether previous serial studies have
revealed progressive changes in LV size or function (Fig. 4).
In most patients, serial testing during the long-term follow-up
period should include a detailed history, physical examina-
tion, and echocardiography. Serial chest X-rays and ECGs
have less value but are helpful in selected patients.

Asymptomatic patients with mild AR, little or no LV
dilatation, and normal LV systolic function can be seen on a
yearly basis, with instructions to alert the physician if
symptoms develop in the interim. Yearly echocardiography is
not necessary unless there is clinical evidence that regurgita-
tion has worsened. Routine echocardiography can be per-
formed every 2 to 3 years in such patients.

Asymptomatic patients with normal systolic function but
severe AR and significant LV dilatation (end-diastolic dimen-
sion greater than 60 mm) require more frequent and careful
re-evaluation, with a history and physical examination every
6 months and echocardiography every 6 to 12 months,
depending on the severity of dilatation and stability of
measurements. If patients are stable, echocardiographic mea-
surements are not required more frequently than every 12
months. In patients with more advanced LV dilatation (end-
diastolic dimension greater than 70 mm or end-systolic
dimension greater than 50 mm), for whom the risk of
developing symptoms or LV dysfunction ranges between
10% and 20% per year,??!272 it is reasonable to perform serial
echocardiograms as frequently as every 4 to 6 months. Serial
chest X-rays and ECGs have less value but are helpful in
selected patients.

Chronic AR may develop from disease processes that
involve the proximal ascending aorta. In patients with aortic
root dilatation, serial echocardiograms are indicated to eval-
uate aortic root size, as well as LV size and function. This is
discussed in Section 3.2.4.

Repeat echocardiograms are also recommended when the
patient has onset of symptoms, there is an equivocal history
of changing symptoms or changing exercise tolerance, or
there are clinical findings that suggest worsening regurgita-
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tion or progressive LV dilatation. Patients with echocardio-
graphic evidence of progressive ventricular dilatation or
declining systolic function have a greater likelihood of
developing symptoms or LV dysfunction?’! and should have
more frequent follow-up examinations (every 6 months) than
those with stable LV function.

In some centers with expertise in nuclear cardiology, serial
radionuclide ventriculograms to assess LV volume and func-
tion at rest may be an accurate and cost-effective alternative
to serial echocardiograms. However, there is no justification
for routine serial testing with both an echocardiogram and a
radionuclide ventriculogram. Serial radionuclide ventriculo-
grams are also recommended in patients with suboptimal
echocardiograms, patients with suggestive but not definite
echocardiographic evidence of LV systolic dysfunction, and
patients for whom there is discordance between clinical
assessment and echocardiographic data. In centers with spe-
cific expertise in cardiac magnetic resonance imaging, serial
magnetic resonance imaging may be performed in place of
radionuclide angiography for the indications listed above. In
addition to accurate assessment of LV volume, mass, wall
thickness, and systolic function,?'8-322 cardiac magnetic res-
onance imaging may be used to quantify the severity of
valvular regurgitation.323-327

Serial exercise testing is also not recommended routinely
in asymptomatic patients with preserved systolic function;
however, exercise testing may be invaluable to assess func-
tional capacity and symptomatic responses in patients with
equivocal changes in symptomatic status. Serial exercise
imaging studies to assess LV functional reserve are not
indicated in asymptomatic patients or those in whom symp-
toms develop.

3.2.3.7. Indications for Cardiac Catheterization

Class 1

1. Cardiac catheterization with aortic root angiography
and measurement of LV pressure is indicated for
assessment of severity of regurgitation, L'V function, or
aortic root size when noninvasive tests are inconclusive
or discordant with clinical findings in patients with
AR. (Level of Evidence: B)

2. Coronary angiography is indicated before AVR in
patients at risk for CAD. (Level of Evidence: C)

Class III

1. Cardiac catheterization with aortic root angiography
and measurement of LV pressure is not indicated for
assessment of LV function, aortic root size, or severity
of regurgitation before AVR when noninvasive tests
are adequate and concordant with clinical findings and
coronary angiography is not needed. (Level of Evi-
dence: C)

Cardiac catheterization with aortic root angiography
and measurement of LV pressure is not indicated for
assessment of LV function and severity of regurgita-
tion in asymptomatic patients when noninvasive tests
are adequate. (Level of Evidence: C)

g
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Cardiac catheterization is not required in patients with
chronic AR unless there are questions about the severity of
AR, hemodynamic abnormalities, or LV systolic dysfunction
that persist despite physical examination and noninvasive
testing, or unless AVR is contemplated and there is a need to
assess coronary anatomy. The indications for coronary arte-
riography are discussed in Section 10.2. In some patients
undergoing left-heart catheterization for coronary angiogra-
phy, additional aortic root angiography and hemodynamic
measurements may provide useful supplementary data.

Hemodynamic and angiographic assessment of the severity
of AR and LV function may be necessary in some patients
being considered for surgery when there are conflicting data
between clinical assessment and noninvasive tests. Less
commonly, asymptomatic patients who are not being consid-
ered for surgery may also require invasive measurement of
hemodynamics and/or determination of severity of AR when
this information cannot be obtained accurately from nonin-
vasive tests.

Hemodynamic measurements during exercise are occa-
sionally helpful for determining the effect of AR on LV
function or making decisions regarding medical or surgical
therapy. In selected patients with severe AR, borderline or
normal LV systolic function, and LV chamber enlargement
that is approaching the threshold for surgery (defined below),
measurement of cardiac output and LV filling pressures at
rest and during exercise with a right-heart catheter may be
valuable for identifying patients with severe hemodynamic
abnormalities in whom surgery is warranted.

3.2.3.8. Indications for Aortic Valve Replacement or

Aortic Valve Repair

The majority of patients with severe AR requiring surgery
undergo valve replacement (see Section 7.2.). However, in
several surgical centers, there is increasing experience in
performing aortic valve replacement in selected patients (see
Section 7.2.6.). In the discussion that follows, the term
“AVR” applies to both aortic valve replacement and aortic
valve repair, with the understanding that aortic valve repair
should be considered only in those surgical centers that have
developed the appropriate technical expertise, gained experi-
ence in patient selection, and demonstrated outcomes equiv-
alent to those of valve replacement. The indications for valve
replacement and repair do not differ.

In patients with pure, chronic AR, AVR should be consid-
ered only if AR is severe (Table 4).27 Patients with only mild
AR are not candidates for AVR, and if such patients have
symptoms or LV dysfunction, other causes should be consid-
ered, such as CAD, hypertension, or cardiomyopathic pro-
cesses. If the severity of AR is uncertain after a review of
clinical and echocardiographic data, additional information
may be needed, such as invasive hemodynamic and angio-
graphic data. The following discussion applies only to those
patients with pure, severe AR.

Class 1

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

2. AVR is indicated for asymptomatic patients with
chronic severe AR and LV systolic dysfunction (ejec-
tion fraction 0.50 or less) at rest. (Level of Evidence: B)

3. AVR is indicated for patients with chronic severe AR
while undergoing CABG or surgery on the aorta or
other heart valves. (Level of Evidence: C)

Class IIa

1. AVR s reasonable for asymptomatic patients with severe
AR with normal LV systolic function (ejection fraction
greater than 0.50) but with severe LV dilatation (end-
diastolic dimension greater than 75 mm or end-systolic
dimension greater than 55 mm).* (Level of Evidence: B)

Class IIb

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

2. AVR may be considered in patients with moderate AR
while undergoing CABG. (Level of Evidence: C)

3. AVR may be considered for asymptomatic patients
with severe AR and normal LYV systolic function at rest
(ejection fraction 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 exer-
cise tolerance, or abnormal hemodynamic responses to
exercise.* (Level of Evidence: C)

Class II1

1. AVR is not indicated for asymptomatic patients with
mild, moderate, or severe AR and normal LV systolic
function at rest (ejection fraction greater than 0.50)
when 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)

3.2.3.8.1. Symptomatic Patients With Normal Left Ventricu-
lar Systolic Function. AVR is indicated in patients with
normal LV systolic function (defined as ejection fraction
greater than 0.50 at rest) who have NYHA functional class III
or IV symptoms. Patients with Canadian Heart Association
functional class II to IV angina pectoris should also be
considered for surgery. In many patients with NYHA func-
tional class II dyspnea, the cause of symptoms is often
unclear, and clinical judgment is required. Patients with
well-compensated AR often have chronic mild dyspnea or
fatigue, and it may be difficult to differentiate the effects of
deconditioning or aging from true cardiac symptoms. In such
patients, exercise testing may be valuable. If the cause of
these mild symptoms is uncertain and they are not severe
enough to interfere with the patient’s lifestyle, a period of
observation may be reasonable. However, new onset of mild
dyspnea has different implications in severe AR, especially in
patients with increasing LV chamber size or evidence of

*Consider lower threshold values for patients of small stature of either
gender.
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declining LV systolic function into the low normal range.
Thus, even if patients have not achieved the threshold values
of LV size and function recommended for surgery in asymp-
tomatic patients, development of mild symptoms is an indi-
cation for AVR in a patient who is nearing these values.
3.2.3.8.2. Symptomatic Patients With Left Ventricular Dys-
function. Patients with NYHA functional class II, III, or IV
symptoms and with mild to moderate LV systolic dysfunction
(ejection fraction 0.25 to 0.50) should undergo AVR. Patients
with NYHA functional class IV symptoms have worse
postoperative survival rates and lower likelihood of recovery
of systolic function than patients with less severe symp-
toms,245:250.252.254 but AVR will improve ventricular loading
conditions and expedite subsequent management of LV
dysfunction.?38

Severely symptomatic patients (NYHA functional class
IV) with advanced LV dysfunction (ejection fraction less than
0.25 and/or end-systolic dimension greater than 60 mm)
present difficult management issues. Some patients will man-
ifest meaningful recovery of LV function after AVR, but
many will have developed irreversible myocardial changes.
The mortality associated with valve replacement approaches
10%, and postoperative mortality over the subsequent few
years is high. Valve replacement should be considered more
strongly in patients with NYHA functional class II and III
symptoms, especially if

e symptoms and evidence of LV dysfunction are of recent
onset;

e intensive short-term therapy with vasodilators and diuret-
ics results in symptomatic improvement;

e intravenous positive inotropic agents result in substantial
improvement in hemodynamics or systolic function.

However, even in patients with NYHA functional class IV
symptoms and ejection fraction less than 0.25, the high risks
associated with AVR and subsequent medical management of
LV dysfunction are usually a better alternative than the higher
risks of long-term medical management alone.38
3.2.3.8.3. Asymptomatic Patients. AVR in asymptomatic pa-
tients remains a controversial topic, but it is generally
agreed?33-329-335 that AVR is indicated in patients with LV
systolic dysfunction. As noted previously, for the purposes of
these guidelines, LV systolic dysfunction is defined as an
ejection fraction below normal at rest. The lower limit of
normal will be assumed to be 0.50, with the realization that
this lower limit is technique dependent and may vary among
institutions. The committee also realizes that there may be
variability in any given measurement of LV dimension or
ejection fraction. Therefore, the committee recommends that
2 consecutive measurements be obtained before one proceeds
with a decision to recommend surgery in the asymptomatic
patient. These consecutive measurements could be obtained
with the same test repeated in a short time period (such as a
second echocardiogram after an initial echocardiogram) or
with a separate, independent test (e.g., radionuclide ventricu-
lography, magnetic resonance imaging, or contrast left ven-
triculography after an initial echocardiogram).

AVR is also recommended in patients with severe LV
dilatation (end-diastolic dimension greater than 75 mm or
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end-systolic dimension greater than 55 mm), even if ejection
fraction is normal. The majority of patients with this degree
of dilatation will have already developed systolic dysfunction
because of afterload mismatch and will thus be candidates for
valve replacement on the basis of the depressed ejection
fraction. The elevated end-systolic dimension in this regard is
often a surrogate for systolic dysfunction. The relatively
small number of asymptomatic patients with preserved ejec-
tion fraction despite severe increases in end-systolic and
end-diastolic chamber size should be considered for surgery,
because they appear to represent a high-risk group with an
increased incidence of sudden death,27!336 and the results of
valve replacement in such patients have thus far been excel-
lent.2** In contrast, postoperative mortality is considerable
once patients with severe LV dilatation develop symptoms or
LV systolic dysfunction.2¢* The recommendations regarding
the risk of sudden death and postoperative outcome with
severe LV dilatation were based on reports of sudden death in
2 of 3 patients with an LV end-diastolic dimension greater
than 80 mm?7! and 2 patients with an LV end-diastolic
volume index greater than 200 ml/m?>.3% It should be recog-
nized, however, that LV end-diastolic dimension, whether
examined as a continuous or as a dichotomous variable (less
than 80 vs. greater than 80 mm), has not been found to be
predictive of postoperative survival or LV function, whereas
ejection fraction is predictive. Conservatively managed pa-
tients with an end-diastolic dimension exceeding 70 mm
likewise exhibit a favorable clinical outcome.?’® These data
do not strongly support the use of extreme LV enlargement as
an indication for AVR, unless cardiac symptoms or systolic
dysfunction is present.>3” However, the committee recom-
mends surgery before the left ventricle achieves an extreme
degree of dilatation and recommends AVR for patients with
LV end-diastolic dimension greater than 75 mm.

Anthropometric normalization of LV end-diastolic dimen-
sion (or volume) should be considered, but unfortunately,
there is lack of agreement as to whether or not normalization
based on body surface area or body mass index is predictive
of outcome.?88:338 Normalization of end-diastolic dimension
for body surface area tends to mask the diagnosis of LV
enlargement, especially in patients who are overweight.?3°
The use of height and a consideration of gender are likely to
be more appropriate than body surface area.?+°

Patients with severe AR in whom the degree of LV
dilatation has not reached but is approaching these threshold
values (e.g., LV end-diastolic dimension of 70 to 75 mm or
end-systolic dimension of 50 to 55 mm) should be followed
with frequent echocardiograms every 4 to 6 months, as noted
previously (Fig. 4). In addition, AVR may be considered in
such patients if there is evidence of declining exercise
tolerance or abnormal hemodynamic responses to exercise,
for example, an increase in pulmonary artery wedge pressure
greater than 25 mm Hg with exercise.

Several patient subgroups develop LV systolic dysfunction
with less marked LV dilatation than observed in the majority
of patients with uncomplicated AR. These include patients
with long-standing hypertension in whom the pressure-
overloaded ventricle has reduced compliance and a limited
potential to increase its chamber size; patients with concom-

Downloaded from http://circ.ahajournals.org/ by guest on August 6, 2013


http://circ.ahajournals.org/

e558 Circulation October 7, 2008

itant CAD, in whom myocardial ischemia may develop with
increasing myocardial wall stress, resulting in LV dysfunc-
tion; and patients with concomitant MS, in whom the left
ventricle will not dilate to the same extent as in patients with
pure AR.3#! In such patients, it is particularly important that
LV ejection fraction and not merely systolic dimension be
monitored. Women also tend to develop symptoms and LV
dysfunction with less LV dilatation than men338; this appears
to be related to body size, because these differences are not
apparent when LV dimensions are corrected for body surface
area. Hence, LV dimensions alone may be misleading in
small patients of either gender, and the threshold values of
end-diastolic and end-systolic dimension recommended
above for AVR in asymptomatic patients (75 and 55 mm,
respectively) may need to be reduced in such patients. There
are no data with which to derive guidelines for LV dimen-
sions corrected for body size, and clinical judgment is
required.

A decrease in ejection fraction during exercise should not
be used as the only indication for AVR in asymptomatic
patients with normal LV systolic function at rest, because the
exercise ejection fraction response is multifactorial, and the
strength of evidence is limited. The ejection fraction response
to exercise has not proved to have independent prognostic
value in patients undergoing surgery.?>* The change in
ejection fraction with exercise is a relatively nonspecific
response related to both severity of volume load?71.296,300,301
and exercise-induced changes in preload and peripheral
resistance?8° that develop early in the natural history of AR.
AVR should also not be recommended in asymptomatic
patients with normal systolic function merely because of
evidence of LV dilatation as long as the dilatation is not
severe (end-diastolic dimension less than 75 mm or end-
systolic dimension less than 55 mm).

Patients who demonstrate progression of LV dilatation or
progressive decline in ejection fraction on serial studies
represent a higher-risk group who require careful monitor-
ing,?’! but such patients often reach a new steady state and
may do well for extended periods of time. Hence, AVR is not
recommended until the threshold values noted above are
reached or symptoms or LV systolic dysfunction develop.
However, prompt referral to AVR once patients develop
symptoms, subnormal ejection fraction, or progressive LV
dilatation results in significantly better postoperative survival
than if AVR is delayed until symptoms or LV systolic
function becomes more severe.234265.267

The surgical options for treating AR are expanding, with
growing experience in aortic homografts, pulmonary au-
tografts, unstented tissue valves, and aortic valve repair. If
these techniques are ultimately shown to improve long-term
survival or reduce postoperative valve complications, it is
conceivable that the thresholds for recommending AVR may
be reduced. Until such data are available, the indications for
surgery for AR should not vary with the operative technique
to be used.

3.2.4. Concomitant Aortic Root Disease
In addition to causing acute AR, diseases of the proximal
aorta may also contribute to chronic AR. Dilatation of the

ascending aorta is among the most common causes of isolated
AR.3#2 In such patients, the valvular regurgitation may be less
important in decision making than the primary disease of the
aorta, such as Marfan syndrome, dissection, or chronic
dilatation of the aortic root related to hypertension or a
bicuspid aortic valve (see Section 3.3). In such patients, if the
AR is mild or the left ventricle is only mildly dilated,
management should focus on treating the underlying aortic
root disease. In many patients, however, AR may be severe
and associated with severe LV dilatation or systolic dysfunc-
tion, in which case decisions regarding medical therapy and
timing of the operation must consider both conditions. In
general, AVR and aortic root reconstruction are indicated in
patients with disease of the aortic root or proximal aorta and
AR of any severity when the degree of dilatation of the aorta
or aortic root reaches or exceeds 5.0 cm by echocardiogra-
phy.?*3> However, some have recommended surgery at a lower
level of dilatation (4.5 cm) or based on a rate of increase of
0.5 cm per year or greater in surgical centers with established
expertise in repair of the aortic root and ascending aorta.3#+
Aortic root and ascending aorta dilation in patients with
bicuspid aortic valves is discussed in greater detail in Section
3.3.

3.2.5. Evaluation of Patients After
Aortic Valve Replacement
After AVR, close follow-up is necessary during the early and
long-term postoperative course to evaluate prosthetic valve
function and assess LV function, as discussed in Sections 9.3.
to 9.3.3. An echocardiogram should be performed soon after
surgery to assess the results of surgery on LV size and
function and to serve as a baseline against which subsequent
echocardiograms may be compared. This could be performed
either before hospital discharge or preferably at the first
outpatient re-evaluation. Within the first few weeks of sur-
gery, there is little change in LV systolic function, and
ejection fraction may even deteriorate compared with preop-
erative values because of the reduced preload,**> even though
ejection fraction may increase over the subsequent several
months. Thus, persistent or more severe systolic dysfunction
early after AVR is a poor predictor of subsequent improve-
ment in LV function in patients with preoperative LV
dysfunction. A better predictor of subsequent LV systolic
function is the reduction in LV end-diastolic dimension,
which declines significantly within the first week or 2 after
AVR 240245346 This is an excellent marker of the functional
success of valve replacement, because 80% of the overall
reduction in end-diastolic dimension observed during the
long-term postoperative course occurs within the first 10 to
14 days after AVR,?40-245.346 and the magnitude of reduction
in end-diastolic dimension after surgery correlates with the
magnitude of increase in ejection fraction.?*s

After the initial postoperative re-evaluation, the patient
should be seen and examined again at 6 and 12 months and
then on a yearly basis if the clinical course is uncomplicated.
If the patient is asymptomatic, the early postoperative echo-
cardiogram demonstrates substantial reduction in LV end-
diastolic dimension, and LV systolic function is normal,
serial postoperative echocardiograms after the initial early
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postoperative study are usually not indicated. However,
repeat echocardiography is warranted at any point at which
there is evidence of a new murmur, questions of prosthetic
valve integrity, or concerns about LV function. Patients with
persistent LV dilatation on the initial postoperative echocar-
diogram should be treated as would any other patient with
symptomatic or asymptomatic LV dysfunction, including
treatment with ACE inhibitors and beta-adrenergic blocking
agents. In such patients, repeat echocardiography to assess
LV size and systolic function is warranted at the 6- and
12-month re-evaluations. If LV dysfunction persists beyond
this time frame, repeat echocardiograms should be performed
as clinically indicated. Management of patients after AVR is
discussed in greater detail in Section 9.3.

3.2.6. Special Considerations in the Elderly

The vast majority of elderly patients with aortic valve disease
have AS or combined AS and AR, and pure AR is uncom-
mon.>*7 Elderly patients with AR generally fare less well than
patients who are young or middle-aged. Patients older than 75
years are more likely to develop symptoms or LV dysfunction
at earlier stages of LV dilatation, have more persistent
ventricular dysfunction and heart failure symptoms after
surgery, and have worse postoperative survival rates than
their younger counterparts. Many such patients have concom-
itant CAD, which must be considered in the evaluation of
symptoms, LV dysfunction, and indications for surgery.
Because the goal of therapy is to improve the quality of life
rather than longevity, symptoms are the most important guide
to determining whether or not AVR should be performed.
Nonetheless, asymptomatic or mildly symptomatic patients
who develop LV dysfunction (as defined previously) should
be considered for AVR if the risks of surgery are balanced in
otherwise healthy patients against the expected improvement
in long-term outcome.

3.3. Bicuspid Aortic Valve With Dilated
Ascending Aorta

Class 1

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

2. Cardiac magnetic resonance imaging or cardiac com-
puted tomography is indicated in patients with bicus-
pid aortic valves when morphology of the aortic root or
ascending aorta cannot be assessed accurately by echo-
cardiography. (Level of Evidence: C)

3. Patients with bicuspid aortic valves 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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4. Surgery to repair the aortic root or replace the ascending
aorta is indicated in patients with bicuspid aortic valves 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)

5. In patients with bicuspid valves undergoing A VR because
of severe AS or AR (see Sections 3.1.7 and 3.2.3.8), 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. Itis reasonable to give beta-adrenergic blocking agents
to patients with bicuspid valves and dilated aortic roots
(diameter greater than 4.0 cm*) who are not candi-
dates for surgical correction and who do not have
moderate to severe AR. (Level of Evidence: C)

2. Cardiac magnetic resonance imaging or cardiac computed
tomography is reasonable in patients with bicuspid aortic
valves when aortic root dilatation is detected by echocardi-
ography to further quantify severity of dilatation and in-
volvement of the ascending aorta. (Level of Evidence: B)

There is growing awareness that many patients with bicuspid
aortic valves have disorders of vascular connective tissue,
involving loss of elastic tissue,3#8-34° which may result in
dilatation of the aortic root or ascending aorta even in the
absence of hemodynamically significant AS or AR.330-353
Aortic root or ascending aortic dilatation can progress with
time in this condition.?>* These patients have a risk of aortic
dissection that is related to the severity of dilatation.349.355-357
Recommendations for athletic participation in patients with
bicuspid valve disease and associated dilatation of the aortic
root or ascending aorta from the 36th Bethesda Conference!3#
are based on limited data but with the understanding that
aortic dissection can occur in some patients with aortic root or
ascending aorta diameters less than 50 mm.344356.358 Therapy
with beta-adrenergic blocking agents might be effective in
slowing the progression of aortic dilatation, but the available
data have been developed in patients with Marfan syn-
drome3>° and not in patients with bicuspid aortic valves.
Echocardiography remains the primary imaging technique
for identifying those patients in whom the aortic root or
ascending aorta is enlarged. In many cases, echocardiogra-
phy, including transesophageal imaging, provides all of the
necessary information required to make management deci-
sions. 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 with cardiac
magnetic resonance imaging or computed tomography. These
techniques also allow for an accurate depiction of the size and
contour of the aorta in its arch, descending thoracic, and
abdominal segments. When the findings on transthoracic
echocardiography relative to the aortic root and ascending
aorta are concordant with those of either cardiac magnetic
resonance or computed tomographic imaging, then transtho-
racic echocardiography can be used for annual surveillance.
The dimensions of the aortic root and ascending aorta show
considerable variability in normal populations. Regression
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formulas and nomograms have been developed for adoles-
cents and adults that account for age and body surface area.3¢°
An upper limit of 2.1 cm per m? has been established at the
level of the aortic sinuses. Dilatation is considered an increase
in diameter above the norm for age and body surface area,
and an aneurysm has been defined as a 50% increase over the
normal diameter.3¢!

Surgery to repair the aortic root or replace the ascending
aorta has been recommended for those patients with greatly
enlarged aortic roots or ascending aortas.344349.357.358 [n rec-
ommending elective surgery for this condition, a number of
factors must be considered, including the patient’s age, the
relative size of the aorta and aortic root, the structure and
function of the aortic valve, and the experience of the surgical
team. Aortic valve-sparing operations are feasible in most
patients with dilatation of the aortic root or ascending aorta
who do not have significant AR or aortic valve calcifica-
tion.362-3¢4 It is recommended that patients with bicuspid
valves should undergo elective repair of the aortic root or
replacement of the ascending aorta if the diameter of these
structures exceeds 5.0 cm. Such surgery should be performed
by a surgical team with established expertise in these proce-
dures. Others have recommended a value of 2.5 cm per m* or
greater as the indication for surgery.’%> If patients with
bicuspid valves and associated aortic root enlargement un-
dergo AVR because of severe AS or AR (Sections 3.1.7. and
3.2.3.8.), it is recommended that repair of the aortic root or
replacement of the ascending aorta be performed if the
diameter of these structures is greater than 4.5 cm.36¢

3.4. Mitral Stenosis

3.4.1. Pathophysiology and Natural History

MS is an obstruction to LV inflow at the level of the MV as
a result of a structural abnormality of the MV apparatus,
which prevents proper opening during diastolic filling of the
left ventricle. The predominant cause of MS is rheumatic
carditis. Isolated MS occurs in 40% of all patients presenting
with rheumatic heart disease, and a history of rheumatic fever
can be elicited from approximately 60% of patients present-
ing with pure MS.3¢7368 The ratio of women to men present-
ing with isolated MS is 2:1.367-369 Congenital malformation of
the MV occurs rarely and is observed mainly in infants and
children.?” Acquired causes of MV obstruction, other than
rheumatic heart disease, are rare. These include left atrial
myxoma, ball valve thrombus, mucopolysaccharidosis, and se-
vere annular calcification.

In patients with MS due to rheumatic fever, the patholog-
ical process causes leaflet thickening and calcification, com-
missural fusion, chordal fusion, or a combination of these
processes.379371 The result is a funnel-shaped mitral apparatus
in which the orifice of the mitral opening is decreased in size.
Interchordal fusion obliterates the secondary orifices, and
commissural fusion narrows the principal orifice.370-37!

The normal MV area is 4.0 to 5.0 cm®. Narrowing of the
valve area to less than 2.5 cm? typically occurs before the
development of symptoms.'3* With a reduction in valve area
by the rheumatic process, blood can flow from the left atrium
to the left ventricle only if propelled by a pressure gradient.
This diastolic transmitral gradient is the fundamental expres-

sion of MS372 and results in elevation of left atrial pressure,
which is reflected back into the pulmonary venous circula-
tion. Decreased pulmonary venous compliance that results in
part from an increased pulmonary endothelin-1 spillover rate
may also contribute to increased pulmonary venous pres-
sure.’”? Increased pressure and distension of the pulmonary
veins and capillaries can lead to pulmonary edema as pulmonary
venous pressure exceeds that of plasma oncotic pressure. In
patients with chronic MV obstruction, however, even when it is
severe and pulmonary venous pressure is very high, pulmonary
edema may not occur owing to a marked decrease in pulmonary
microvascular permeability. The pulmonary arterioles may react
with vasoconstriction, intimal hyperplasia, and medial hypertro-
phy, which lead to pulmonary arterial hypertension.

An MV area greater than 1.5 cm? usually does not produce
symptoms at rest.’’* However, if there is an increase in
transmitral flow or a decrease in the diastolic filling period,
there will be a rise in left atrial pressure and development of
symptoms. From hydraulic considerations, at any given
orifice size, the transmitral gradient is a function of the square
of the transvalvular flow rate and is dependent on the diastolic
filling period.!* Thus, the first symptoms of dyspnea in
patients with mild MS are usually precipitated by exercise,
emotional stress, infection, pregnancy, or atrial fibrillation
with a rapid ventricular response.?’# As the obstruction across
the MV increases, decreasing effort tolerance occurs.

As the severity of stenosis increases, cardiac output be-
comes subnormal at rest’’* and fails to increase during
exercise.?” The degree of pulmonary vascular disease is also
an important determinant of symptoms in patients with
MS.373.374.376 . A second obstruction to flow develops from
increased pulmonary arteriolar resistance,3’%377 which may
protect the lungs from pulmonary edema.?’¢377 In some
patients, an additional reversible obstruction develops at the
level of the pulmonary veins.37837° The low cardiac output
and increased pulmonary arteriolar resistance, which results
from functional and structural changes (alveolar basement
membrane thickening, adaptation of neuroreceptors, in-
creased lymphatic drainage, and increased transpulmonary
endothelin spillover rate), contribute to the ability of a patient
with severe MS to remain minimally symptomatic for pro-
longed periods of time.374:376.377

The natural history of patients with untreated MS has been
defined from studies in the 1950s and 1960s.3¢7-3¢% Mitral
stenosis is a continuous, progressive, lifelong disease, usually
consisting of a slow, stable course in the early years followed
by a progressive acceleration later in life.367-369-380 In devel-
oped countries, there is a long latent period of 20 to 40 years
from the occurrence of rheumatic fever to the onset of
symptoms. Once symptoms develop, there is another period
of almost a decade before symptoms become disabling.3¢”
Overall, the 10-year survival of untreated patients presenting
with MS is 50% to 60%, depending on symptoms at presen-
tation.3¢8:3%% In the asymptomatic or minimally symptomatic
patient, survival is greater than 80% at 10 years, with 60% of
patients having no progression of symptoms.368-369380 How-
ever, once significant limiting symptoms occur, there is a
dismal 0% to 15% 10-year survival rate.367-369:380.381 Qnce
there is severe pulmonary hypertension, mean survival drops
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to less than 3 years.?®2 The mortality of untreated patients
with MS is due to progressive pulmonary and systemic
congestion in 60% to 70%, systemic embolism in 20% to
30%, pulmonary embolism in 10%, and infection in 1% to
5%.3%370 In North America and Europe, this classic history
of MS has been replaced by an even milder delayed course
with the decline in incidence of rheumatic fever.380-383 The
mean age of presentation is now in the fifth to sixth decade380-383;
more than one third of patients undergoing valvotomy are older
than 65 years.3®* In some geographic areas, MS progresses more
rapidly, presumably due to either a more severe rheumatic insult
or repeated episodes of rheumatic carditis due to new strepto-
coccal infections, resulting in severe symptomatic MS in the late
teens and early 20s.3%° Serial hemodynamic and Doppler-
echocardiographic studies have reported annual loss of MV area
ranging from 0.09 to 0.32 cm?.385:38

Although MS is best described as a disease continuum, and
there is no single value that defines severity, for these
guidelines, MS severity is based on a variety of hemodynamic
and natural history data (Table 4)?7 using mean gradient,
pulmonary artery systolic pressure, and valve area as follows:
mild (area greater than 1.5 cm® mean gradient less than 5 mm
Hg, or pulmonary artery systolic pressure less than 30 mm Hg),
moderate (area 1.0 to 1.5 cm?, mean gradient 5 to 10 mm Hg, or
pulmonary artery systolic pressure 30 to 50 mm Hg), and severe
(area less than 1.0 cm?, mean gradient greater than 10 mm Hg,
or pulmonary artery systolic pressure greater than 50 mm Hg).

3.4.2. Indications for Echocardiography in Mitral Stenosis
Class 1

1. Echocardiography should be performed in patients for
the diagnosis of MS, assessment of hemodynamic severity
(mean gradient, MV area, and pulmonary artery pressure),
assessment of concomitant valvular lesions, and assessment
of valve morphology (to determine suitability for percuta-
neous mitral balloon valvotomy). (Level of Evidence: B)

2. Echocardiography should be performed for re-
evaluation in patients with known MS and changing
symptoms or signs. (Level of Evidence: B)

3. Echocardiography should be performed for assess-
ment of the hemodynamic response of the mean
gradient and pulmonary artery pressure by exercise
Doppler echocardiography in patients with MS when
there is a discrepancy between resting Doppler
echocardiographic findings, clinical findings, symp-
toms, and signs. (Level of Evidence: C)

4. Transesophageal echocardiography in MS should be
performed to assess the presence or absence of left
atrial thrombus and to further evaluate the severity of
MR in patients considered for percutaneous mitral
balloon valvotomy. (Level of Evidence: C)

5. Transesophageal echocardiography in MS should be per-
formed to evaluate MV morphology and hemodynamics
in patients when transthoracic echocardiography pro-
vides suboptimal data. (Level of Evidence: C)

Class Ila
1. Echocardiography is reasonable in the re-evaluation of
asymptomatic patients with MS and stable clinical find-
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ings 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 111

1. Transesophageal echocardiography in the patient with
MS is not indicated for routine evaluation of MV mor-
phology and hemodynamics when complete transthoracic
echocardiographic data are satisfactory. (Level of Evi-
dence: C)

The diagnosis of MS should be made on the basis of the
history, physical examination, chest X-ray, and ECG (Fig. 5).
Patients may present with no symptoms but have an abnormal
physical examination.38%383 Although some patients may
present with fatigue, dyspnea, or frank pulmonary edema, in
others, the initial manifestation of MS is the onset of atrial
fibrillation or an embolic event.3¢? Rarely, patients may
present with hemoptysis, hoarseness, or dysphagia. The
characteristic auscultatory findings of rheumatic MS are
accentuated first heart sound (S,), opening snap (OS), low-
pitched middiastolic rumble, and a presystolic murmur. These
findings, however, may also be present in patients with
nonrheumatic MV obstruction (e.g., left atrial myxoma) and
may be absent with severe pulmonary hypertension, low
cardiac output, and a heavily calcified immobile MV. A
shorter A2-OS interval and longer duration of diastolic
rumble indicates more severe MS. An A2-OS interval of less
than 0.08 seconds implies severe MS.387 Physical findings of
pulmonary hypertension, such as a loud P, or right ventricular
(RV) heave, also suggest severe MS.

The diagnostic tool of choice in the evaluation of a patient
with MS is 2D and Doppler echocardiography.388-3°3 Echo-
cardiography is able to identify restricted diastolic opening of
the MV leaflets due to “doming” of the anterior leaflet and
immobility of the posterior leaflet.388:390.392393 Qther entities
that can simulate the clinical features of rheumatic MS, such
as left atrial myxoma, mucopolysaccharidosis, nonrheumatic
calcific MS, cor triatriatum, and a parachute MV, can be
readily identified by 2D echocardiography. Planimetry of the
orifice area may be possible from the short-axis view.
Two-dimensional echocardiography can be used to assess the
morphological appearance of the MV apparatus, including
leaflet mobility and flexibility, leaflet thickness, leaflet calci-
fication, subvalvular fusion, and the appearance of commis-
sures.391.394-398 These features may be important when one
considers the timing and type of intervention to be per-
formed.394-400 Patients with mobile noncalcified leaflets, no
commissural calcification, and little subvalvular fusion may
be candidates for either balloon catheter or surgical commis-
surotomy/valvotomy.3*4-3%° There are several methods used
to assess suitability for valvotomy, including a Wilkins score
(Table 17),49 an echocardiographic grouping (based on valve
flexibility, subvalvular fusion, and leaflet calcification),*”
and the absence or presence of commissural calcium.3%3
Chamber size and function and other structural valvular,
myocardial, or pericardial abnormalities can be assessed with
the 2D echocardiographic study.

Doppler echocardiography can be used to assess the
hemodynamic severity of the obstruction.38%-3°1401 The mean
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Figure 5. Management strategy for patients with mitral stenosis.

*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 (PP) should also be taken into consideration. tThere is controversy as to whether patients with severe
mitral stenosis (MVA less than 1.0 cmz) and severe pulmonary hypertension (pulmonary artery pressure greater than 60 mm Hg) should undergo percutaneous mitral bal-
loon valvotomy (PMBV) or mitral valve replacement to prevent right ventricular failure. $Assuming no other cause for pulmonary hypertension is present. AF indicates atrial
fibrillation; CXR, chest X-ray; ECG, electrocardiogram; echo, echocardiography; LA, left atrial; MR, mitral regurgitation; and 2D, 2-dimensional.

| C!assﬂ

Exclude LA clot,
3+to 4+ MR

Table 17. Determinants of the Echocardiographic Mitral Valve Score

Grade Mobility Subvalvular Thickening Thickening Calcification

1 Highly mobile valve with only leaflet Minimal thickening just below the Leaflets near normal in thickness A single area of increased
tips restricted mitral leaflets (4 to 5 mm) echo brightness

2 Leaflet mid and base portions have Thickening of chordal structures Midleaflets normal, considerable Scattered areas of brightness
normal mobility extending up to one third of thickening of margins (5 to 8 confined to leaflet margins

the chordal length mm)

3 Valve continues to move forward in Thickening extending to the distal Thickening extending through the Brightness extending into the
diastole, mainly from the base third of the chords entire leaflet (5 to 8 mm) midportion of the leaflets

4 No or minimal forward movement Extensive thickening and Considerable thickening of all Extensive brightness

of the leaflets in diastole

shortening of all chordal
structures extending down to
the papillary muscles

leaflet tissue (greater than 8 to
10 mm)

throughout much of the
leaflet tissue

Reprinted with permission from Wilkins GT, Weyman AE, Abascal VM, Block PC, Palacios IF. Percutaneous balloon dilatation of the mitral valve: an analysis of
echocardiographic variables related to outcome and the mechanism of dilatation. Br Heart J 1988;60:299-308.400
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transmitral gradient can be accurately and reproducibly mea-
sured from the continuous-wave Doppler signal across the
MYV with the modified Bernoulli equation.3*'401 The MV area
can be noninvasively derived from Doppler echocardiogra-
phy with either the diastolic pressure half-time method#*0!-404
or the continuity equation.*°> The half-time method may be
inaccurate in patients with abnormalities of left atrial or LV
compliance, those with associated AR, and those who have
had mitral valvotomy.*03404 Doppler echocardiography may
also be used to estimate pulmonary artery systolic pressure
from the TR velocity signal*®> and to assess severity of
concomitant MR or AR. Formal hemodynamic exercise
testing can be done noninvasively with either a supine bicycle
or upright treadmill with Doppler recordings of transmitral
and tricuspid velocities.*©-40° This allows measurement of
both the transmitral gradient*®’-40° and pulmonary artery
systolic pressure*06408 at rest and with exercise.*!© The
criteria for the assessment of the severity of MS are summa-
rized in Table 4.27 These criteria are applicable when the heart
rate is between 60 and 90 bpm.

In all patients with MS, an initial clinical history, physical
examination, ECG, and chest X-ray should be performed. 2D
and Doppler echocardiography should also be performed to
confirm the diagnosis of MS and rule out other causes of MV
obstruction and concomitant problems that would require
further therapy, that is, myocardial or other valvular heart
disease. The morphology of the MV apparatus and suitability
for valvotomy should be assessed. The severity of MS should
be determined using both the mean transmitral gradient and
valve area from the Doppler echocardiogram, and pulmonary
artery pressure should be estimated when possible. A trans-
esophageal echocardiogram is not required unless a question
about diagnosis remains after transthoracic echocardiography.

In the asymptomatic patient who has documented mild MS
(valve area greater than 1.5 cm? and mean gradient less than
5 mm Hg), no further investigations are needed on the initial
workup (Fig. 5). These patients usually remain stable for
years.368:369.380 [f there is more significant MS, a decision to
proceed further should be based on the suitability of the
patient for mitral valvotomy. In patients with pliable, noncal-
cified valves with no or little subvalvular fusion, no calcifi-
cation in the commissures, and no left atrial thrombus,
percutaneous mitral valvotomy can be performed with a low
complication rate and may be indicated if symptoms develop.
Because of the slowly progressive course of MS, patients may
remain “‘asymptomatic” with severe stenosis merely by read-
justing their lifestyles to a more sedentary level. Elevated
pulmonary vascular resistance and/or low cardiac output may
also play an adaptive role in preventing congestive symptoms
from occurring in patients with severe MS.374376.377 Elevation
of pulmonary vascular resistance is an important physiolog-
ical event in MS,377 and the level of pulmonary pressure is an
indicator of the overall hemodynamic consequence. Patients
with moderate pulmonary hypertension at rest (pulmonary
artery systolic pressure greater than 50 mm Hg) and pliable
MV leaflets may be considered for percutaneous mitral
valvotomy even if they deny symptoms. In patients who lead
a sedentary lifestyle, a hemodynamic exercise test with
Doppler echocardiography is useful.#6-409 Objective limita-
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tion of exercise tolerance with a rise in transmitral gradient
greater than 15 mm Hg and a rise in pulmonary artery systolic
pressure greater than 60 mm Hg may be an indication for
percutaneous valvotomy if the MV morphology is suitable.
There is a subset of asymptomatic patients with severe MS
(valve area less than 1.0 cm?) and severe pulmonary hyper-
tension (pulmonary artery systolic pressure greater than 75%
of systemic pressure either at rest or with exercise). If these
patients do not have a valve morphology favorable for percuta-
neous mitral balloon valvotomy or surgical valve repair, it is
controversial whether MV replacement should be performed in
the absence of symptoms to prevent RV failure, but surgery is
generally recommended in such patients. However, the patient
(and the family) should be involved in the decision regarding
intervention.

3.4.3. Medical Therapy

3.4.3.1. Medical Therapy: General (Updated)

In the patient with MS, the major problem is mechanical
obstruction to inflow at the level of the MV, and no medical
therapy will specifically relieve the fixed obstruction. The LV
is protected from a volume or pressure overload, and thus, no
specific medical therapy is required in the asymptomatic
patient in normal sinus thythm who has mild MS. Because
rheumatic fever is the primary cause of MS, prophylaxis
against rheumatic fever is recommended.

In the patient who has more than a mild degree of MS,
counseling on avoidance of unusual physical stresses is
advised. Increased flow and a shortening of the diastolic
filling period by tachycardia increase left atrial pressure
against an obstructed MV. Agents with negative chronotropic
properties, such as beta blockers or heart rate-regulating
calcium channel blockers, may be of benefit in patients in
sinus rthythm who have exertional symptoms if these symp-
toms occur with high heart rates.#!#!12 The greater efficacy of
a beta blocker compared with a heart rate-regulating calcium
channel blocker has been reported.*'> Some patients with MS
have increased bronchial reactivity that may improve with
inhaled corticosteroids.#'* Salt restriction and intermittent
administration of a diuretic are useful if there is evidence of
pulmonary vascular congestion. Digitalis does not benefit
patients with MS in sinus rhythm unless there is LV or RV
dysfunction.*!s

Although MS is a slowly progressive condition, acute
pulmonary edema can occur suddenly in asymptomatic pa-
tients with severe MS, especially with the onset of rapid atrial
fibrillation, and this can be rapidly fatal. Thus, patients should
be counseled to seek medical attention immediately if they
experience a sudden marked increase in shortness of breath.

3.4.3.2. Medical Therapy: Atrial Fibrillation

Patients with MS are prone to developing atrial arrhythmias,
particularly atrial fibrillation and atrial flutter. Thirty to forty
percent of patients with symptomatic MS develop atrial
fibrillation.3¢7-368 Structural changes from the pressure and
volume overload alter the electrophysiological properties of
the left atrium,?8° and the rheumatic process itself may lead to
fibrosis of the internodal and interatrial tracts and damage to
the sinoatrial node. There may be significant hemodynamic
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consequences resulting from the acute development of atrial
fibrillation, primarily from the rapid ventricular rate, which
shortens the diastolic filling period and causes elevation of
left atrial pressure. Atrial fibrillation occurs more commonly
in older patients3¢” and is associated with a poorer prognosis,
with a 10-year survival rate of 25% compared with 46% in
patients who remain in sinus rhythm.3%° The risk of arterial
embolization, especially stroke, is significantly increased in
patients with atrial fibrillation.367.368.416-418

Treatment of an acute episode of rapid atrial fibrillation
consists of anticoagulation with heparin and control of the
heart rate response. Intravenous digoxin, heart rate—
regulating calcium channel blockers, or beta blockers should
be used to control ventricular response by slowing conduction
through the atrioventricular node. Intravenous or oral amio-
darone can also be used when beta blockers or heart rate-
regulating calcium channel blockers cannot be used. If there
is hemodynamic instability, electrical cardioversion should be
undertaken urgently, with intravenous heparin before, during,
and after the procedure. In selected patients, chemical car-
dioversion may also be attempted. Patients who have been in
atrial fibrillation longer than 24 to 48 h without anticoagula-
tion are at an increased risk for embolic events after cardio-
version, but embolization may occur with less than 24 h of
atrial fibrillation. The decision to proceed with elective
cardioversion is dependent on multiple factors, including
duration of atrial fibrillation, hemodynamic response to the
onset of atrial fibrillation, a documented history of prior
episodes of atrial fibrillation, and a history of prior embolic
events. If the decision has been made to proceed with elective
cardioversion in a patient who has had documented atrial
fibrillation for longer than 24 to 48 h and who has not been on
long-term anticoagulation, 1 of 2 approaches is recommended
based on data from patients with nonrheumatic atrial fibril-
lation. The first is anticoagulation with warfarin for more than
3 weeks, followed by elective cardioversion.*!® The second is
anticoagulation with heparin and transesophageal echocardi-
ography to look for left atrial thrombus. In the absence of left
atrial thrombus, cardioversion is performed with intravenous
heparin before, during, and after the procedure.#2° It is
important to continue long-term anticoagulation after
cardioversion.

Recurrent paroxysmal atrial fibrillation may be treated for
maintenance of sinus rhythm in selected patients with Class
IC antiarrhythmic drugs (in conjunction with negative dromo-
tropic agent) or Class III antiarrhythmic drugs; however,
eventually, the atrial fibrillation becomes resistant to preven-
tion or cardioversion,3’® and control of ventricular response
becomes the mainstay of therapy. Digoxin slows the heart
rate response in patients with atrial fibrillation and MS.415
However, heart rate-regulating calcium channel blockers or
beta blockers are more effective for preventing exercise-
induced increases in heart rate. Patients with either paroxys-
mal or sustained atrial fibrillation should be treated with
long-term anticoagulation with warfarin to prevent embolic
events if they do not have a strong contraindication to
anticoagulation.*!7#2! It is controversial whether percutane-
ous mitral valvotomy should be performed in patients with

new-onset atrial fibrillation and moderate to severe MS who
are otherwise asymptomatic.

Successful percutaneous balloon mitral commissurotomy
may not prevent the development of atrial fibrillation. Ad-
vanced age and left atrial dimension appear to be the
important predictors of development of atrial fibrillation.*??

3.4.3.3. Medical Therapy: Prevention of Systemic
Embolization

Class 1

1. Anticoagulation is indicated in patients with MS and
atrial fibrillation (paroxysmal, persistent, or perma-
nent). (Level of Evidence: B)

2. Anticoagulation is indicated in patients with MS and a
prior embolic event, even in sinus rhythm. (Level of
Evidence: B)

3. Anticoagulation is indicated in patients with MS with
left atrial thrombus. (Level of Evidence: B)

Class IIb

1. Anticoagulation may be considered for asymptomatic
patients with severe MS and left atrial dimension
greater than or equal to 55 mm by echocardiography.*
(Level of Evidence: B)

2. Anticoagulation may be considered for patients with
severe MS, an enlarged left atrium, and spontaneous
contrast on echocardiography. (Level of Evidence: C)

Systemic embolization may occur in 10% to 20% of patients
with MS.367:368.416 The risk of embolization is related to age
and the presence of atrial fibrillation.367:368:416-418 One third of
embolic events occur within 1 month of the onset of atrial
fibrillation, and two thirds occur within 1 year. The frequency
of embolic events does not seem to be related to the severity
of MS, cardiac output, size of the left atrium, or even the
presence or absence of heart failure symptoms.368417424 An
embolic event may thus be the initial manifestation of MS.3¢7
In patients who have experienced an embolic event, the
frequency of recurrence is as high as 15 to 40 events per 100
patient-months.#17-421

There are no randomized trials examining the efficacy of
anticoagulation in preventing embolic events specifically in
patients with MS. Retrospective studies have shown a 4- to
15-fold decrease in the incidence of embolic events with
anticoagulation in these patients.#!7-#2! This benefit applies to
both systemic and pulmonary embolism. Most trials involved
patients who had 1 embolus before the onset of anticoagulation
therapy.*?! However, large randomized trials have demonstrated
a significant reduction in embolic events by treatment with
anticoagulation in subsets of patients with atrial fibrillation not
associated with MS.42542¢ [n these randomized trials, the subset
of patients who benefited most from anticoagulation were those
with the highest risk of embolic events.333-354 Patients with MS
at the highest risk for future embolic events are those with prior
embolic events and those with paroxysmal or persistent atrial

*This recommendation is based on a grade C level of evidence given by
the American College of Chest Physicians Fourth Consensus Conference
on Antithrombotic Therapy.+2?

Downloaded from http://circ.ahajournals.org/ by guest on August 6, 2013


http://circ.ahajournals.org/

Bonow et al

fibrillation.367-368.416-418:421 Paroxysmal atrial fibrillation may be
difficult to detect; ambulatory ECG monitoring is valuable in
patients with palpitations. There are no data to support the
concept that oral anticoagulation is beneficial in patients with
MS who have not had atrial fibrillation or an embolic event. It is
controversial whether patients without atrial fibrillation or an
embolic event who might be at higher risk for future embolic
events (i.e., those with severe MS or an enlarged left atrium)
should be considered for long-term warfarin therapy.*23427

Although embolic events are thought to originate from left
atrial thrombi,*!7418 the presence or absence of a left atrial
thrombus does not appear to correlate with embolic
events.307-418 | eft atrial thrombi are found during surgery in
15% to 20% of patients with prior embolic events and a
similar number of patients without embolic events.367-416
However, in clinical practice, anticoagulation is frequently
used if obvious left atrial thrombi are detected.

It has been suggested that surgical commissurotomy re-
duces the incidence of future embolic events.?3! There are no
randomized trial data to support this hypothesis, and the
retrospective studies that have been reported were performed
before the availability of standardized anticoagulation regi-
mens. Other retrospective studies have concluded that surgery
does not decrease the incidence of systemic emboli.380.428429
One prospective study has reported decreased risk for arterial
embolism after mitral commissurotomy.*3°

3.4.4. Recommendations Regarding Physical Activity and
Exercise

Many patients with mild MS will remain asymptomatic even
with strenuous exercise. In more severe MS, exercise can
cause sudden marked increases in pulmonary venous pressure
from the increase in heart rate and cardiac output, at times
resulting in pulmonary edema.37537¢ The long-term effects of
repeated exertion-related increases in pulmonary venous and
pulmonary artery pressures on the lung or right ventricle remain
unknown. MS rarely causes sudden death.3¢7-3%° These factors
must be considered when recommending physical activity and
exercise for the patient with MS.

In the majority of patients with MS, recommendations for
exercise are symptom limited. Patients should be encouraged
to pursue a low-level aerobic exercise program for mainte-
nance of cardiovascular fitness. Exertional symptoms of
dyspnea are the limiting factors in terms of exercise tolerance.
However, there is a subset of asymptomatic patients who wish to
participate in competitive athletics who may deny symptoms.
The 36th Bethesda Conference on Recommendations for Deter-
mining Eligibility for Competition in Athletes with Cardiovas-
cular Abnormalities published guidelines for patients with MS
who wish to engage in competitive athletics.!38

3.4.5. Serial Testing

Serial follow-up testing of a patient with MS should be based
on whether the results of a test will dictate either a change in
therapy or a recommendation for a procedure. Patients with
MS usually have years without symptoms before the onset of
deterioration.3¢7-380 All patients should be informed that any
change in symptoms warrants re-evaluation. In the asymp-
tomatic patient, yearly re-evaluation is recommended (Fig. 5).
At the time of the yearly evaluation, a history, physical

ACC/AHA VHD Guidelines: 2008 Focused Update Incorporated e565

examination, chest X-ray, and ECG should be obtained.
Physical examination is useful to assess the progression of the
severity of MS. A shortening of the A2-OS interval, longer
duration of the middiastolic murmur, and the presence of
findings of pulmonary hypertension indicates more severe
MS. An echocardiogram is not recommended yearly unless
there is a change in clinical status or the patient has severe
MS. Ambulatory ECG monitoring (Holter or event recorder)
to detect paroxysmal atrial fibrillation is indicated in patients
with palpitations.

3.4.6. Evaluation of the Symptomatic Patient

Patients who develop symptoms should undergo evaluation
with a history, physical examination, ECG, chest X-ray, and
echocardiogram (Figs. 6 and 7). Two-dimensional and Dopp-
ler echocardiography are indicated to evaluate MV morphol-
ogy, MV hemodynamics, and pulmonary artery pressure.
Patients with NYHA functional class II symptoms and
moderate or severe MS (MV area less than or equal to 1.5
cm? or mean gradient greater than 5 mm Hg) may be
considered for mitral balloon valvotomy if they have suitable
MYV morphology and no left atrial thrombi. Patients who have
NYHA functional class III or IV symptoms and evidence of
severe MS have a poor prognosis if left untreated?¢7-3¢° and
should be considered for intervention with either balloon
valvotomy or surgery.

A subset of patients have significant limiting symptoms,
yet clinical and Doppler echocardiographic evaluation do not
indicate moderate or severe MS. In such patients, formal
exercise testing or dobutamine stress may be useful to
differentiate symptoms due to MS from other causes of
symptoms. Exercise tolerance, heart rate and blood pressure
response, transmitral gradient, and pulmonary artery pressure
can be obtained at rest and during exercise. This can usually
be accomplished with either supine bicycle or upright exer-
cise testing with Doppler recording of TR and transmitral
velocities.*06-40% Right- and left-heart catheterization with
exercise may be helpful and occasionally necessary.*3! Pa-
tients 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 (greater than 25 mm Hg) during
exercise375-407-409.432.433 have hemodynamically significant MS
and should be considered for further intervention. Alternatively,
patients who do not manifest elevation in either pulmonary
artery, pulmonary artery wedge, or transmitral pressures coinci-
dent with development of exertional symptoms most likely
would not benefit from intervention on the MV.

3.4.7. Indications for Invasive Hemodynamic Evaluation
Class 1

1. Cardiac catheterization for hemodynamic evaluation
should be performed for assessment of severity of MS
when noninvasive tests are inconclusive or when there is
discrepancy between noninvasive tests and clinical find-
ings regarding severity of MS. (Level of Evidence: C)

2. Catheterization for hemodynamic evaluation including
left ventriculography (to evaluate severity of MR) for
patients with MS is indicated when there is a discrep-
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Symptomatic Mitral Stenosis

NYHA Functional Class I

|

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

l
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}

Mild stenosis
MVA = 1.5 cm2*

Moderate or
severe stenosis
MVA < 1.5 cm?*

PASP = 60 mm Hg
PAWP z 25 mm Hg
MVG = 15 mm Hg

No L+ ves

Valve morphology
favorable for PMBV?

Yes

Yearly
follow-up
No Yes

| Classiib| | Class i |

favorable for PMBVY?

Valve morphology

No

|

Severe PH

PAP = 60-80 mm Hg

Yes 4—‘—» No

Consider l
6-month PMBV
follow-up Exclude LA clot, - 6-month
3+ to 4+ MR T Consider follow-up
commissurotomy
or MVR

Figure 6. Management strategy for patients with mitral stenosis and mild symptoms.

*The committee recognizes that there may be variability in the measurement of mitral valve area (MVA) and that the mean transmitral gradient, pulmonary artery wedge
pressure (PAWP), and pulmonary artery systolic pressure (PP) should also be taken into consideration. fThere is controversy as to whether patients with severe mitral ste-
nosis (MVA less than 1.0 cm?) and severe pulmonary hypertension (PH; PP greater than 60 to 80 mm Hg) should undergo percutaneous mitral balloon valvotomy (PMBV)
or mitral valve replacement to prevent right ventricular failure. CXR indicates chest X-ray; ECG, electrocardiogram; echo, echocardiography; LA, left atrial; MR, mitral regurgi-
tation; MVG, mean mitral valve pressure gradient; NYHA, New York Heart Association; PAP, pulmonary artery pressure; and 2D, 2-dimensional.

ancy between the Doppler-derived mean gradient and
valve area. (Level of Evidence: C)

Class Ila

1. Cardiac catheterization is reasonable to assess the
hemodynamic response of pulmonary artery and left
atrial pressures to exercise when clinical symptoms
and resting hemodynamics are discordant. (Level of
Evidence: C)

2. Cardiac catheterization is reasonable in patients with
MS to assess the cause of severe pulmonary arterial
hypertension when out of proportion to severity of
MS as determined by noninvasive testing. (Level of
Evidence: C)

Class III

1. Diagnostic cardiac catheterization is not recommended
to assess the MV hemodynamics when 2D and Doppler
echocardiographic data are concordant with clinical
findings. (Level of Evidence: C)

Hemodynamic measurements by cardiac catheterization can
be used to determine the severity of MS. Direct measure-

ments of left atrial and LV pressure determine the transmitral
gradient, which is the fundamental expression of severity of
MS.372 Because the severity of obstruction is dependent on
both flow and gradient,3”¢ the hydraulic Gorlin equation has
been used in the catheterization laboratory to derive a
calculated valve area.'® Pulmonary artery pressure and pul-
monary vascular resistance can be measured to determine the
effect of MS on the pulmonary circulation.

With the advent of Doppler echocardiography, cardiac
catheterization is no longer required for assessment of hemo-
dynamics in the majority of patients with isolated MS.
Reliable measurements of the transmitral gradient may be
obtained with the modified Bernoulli equation.38%-3°! The
potential problems of angle dependence, pressure recovery,
proximal acceleration, and inadequate velocity signals that
occur in the evaluation of other valve lesions are not present
with MS. There is often overestimation of the transmitral
gradient when catheterization is performed with pulmonary
artery wedge pressure as a substitute for left atrial pressure,
even after correction for phase delay. Thus, the transmitral
gradient derived by Doppler echocardiography may be more
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Symptomatic Mitral Stenosis
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Figure 7. Management strategy for patients with mitral stenosis and moderate to severe symptoms.

*The writing committee recognizes that there may be variability in the measurement of mitral valve area (MVA) and that the mean transmitral gradient, pulmonary artery

wedge pressure (PAWP), and pulmonary artery systolic pressure (PP) should also b

e taken into consideration. tlt 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, electrocardiography;

echo, echocardiography; LA, left atrial; MR, mitral regurgitation; MVG, mean mitral
tion; and 2D, 2-dimensional.

accurate than that obtained by cardiac catheterization with
pulmonary artery wedge pressure.*3*

MV area is derived from either the half-time method or the
continuity equation by Doppler echocardiography. These
measurements correlate well in most instances with valve
areas from cardiac catheterization.*°402 The Doppler half-
time method may be inaccurate if there are changes in
compliance of the left atrium or left ventricle,*02403 especially
after mitral balloon valvotomy, or if there is concomitant AR.
There are limitations to MV area calculations derived from
catheter hemodynamic measurements, because the Gorlin
equation may not be valid under varying hemodynamic
conditions, and the empirical coefficient of discharge may be
inaccurate with different orifice shapes.379404 Calculation of
valve area by catheterization is also dependent on measure-
ment of transmitral gradient and cardiac output. Gradients
may be inaccurate when pulmonary artery wedge pressure is
used, as may cardiac output derived by the thermodilution

valve pressure gradient; MVR, mitral valve replacement; NYHA, New York Heart Associa-

method. When there is concomitant MR, measures of forward
flow by thermodilution or the Fick method will result in
underestimation of the MV area, as discussed in Section
3.7.2.2.2. Thus, there may be inaccuracies with both Doppler
and catheter-derived valve areas, and a single valve area
should not be the sole measure of MS severity. Estimates of
the severity of MS should be based on all data, including
transmitral gradient, MV area, pulmonary artery wedge pres-
sure, and pulmonary artery pressure.

In most instances, Doppler measurements of transmitral
gradient, valve area, and pulmonary pressure will correlate
well with each other. Catheterization is indicated to assess
hemodynamics when there is a discrepancy between Doppler-
derived hemodynamics and the clinical status of a symptom-
atic patient. Absolute left- and right-side pressure measure-
ments should be obtained by catheterization when there is
elevation of pulmonary artery pressure out of proportion to
mean gradient and valve area. Invasive hemodynamic evalu-
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ation is also necessary to assess the severity and the hemo-
dynamic cause of increased pulmonary vascular resistance,
because pulmonary vasodilator therapy may be of benefit in
such patients. Catheterization including left ventriculography
(to evaluate the severity of MR) is indicated when there is a
discrepancy between the Doppler-derived mean gradient and
valve area. Aortic root angiography may be necessary to
evaluate severity of AR. If symptoms appear to be out of
proportion to noninvasive assessment of resting hemodynam-
ics, right- and left-heart catheterization with exercise may be
useful. Transseptal catheterization may rarely be required for
direct measurement of left atrial pressure if there is doubt
about the accuracy of pulmonary artery wedge pressure.
Coronary angiography may be required in selected patients
who may need intervention (see Section 10.2.).

3.4.8. Indications for Percutaneous Mitral Balloon
Valvotomy

Class 1

1. Percutaneous mitral balloon valvotomy is effective for
symptomatic patients (NYHA functional class I1, III,
or IV), with moderate or severe MS* and valve mor-
phology favorable for percutaneous mitral balloon
valvotomy in the absence of left atrial thrombus or
moderate to severe MR. (Level of Evidence: A)

2. Percutaneous mitral balloon valvotomy is effective for
asymptomatic patients with moderate or severe MS*
and valve morphology that is favorable for percutane-
ous mitral balloon valvotomy who have pulmonary
hypertension (pulmonary artery systolic pressure
greater than 50 mm Hg at rest or greater than 60 mm
Hg with exercise) in the absence of left atrial thrombus
or moderate to severe MR. (Level of Evidence: C)

Class Ila

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

Class IIb

1. Percutaneous mitral balloon valvotomy may be consid-
ered for asymptomatic patients with moderate or
severe MS* and valve morphology favorable for per-
cutaneous mitral balloon valvotomy who have new
onset of atrial fibrillation in the absence of left atrial
thrombus or moderate to severe MR. (Level of
Evidence: C)

2. Percutaneous mitral balloon valvotomy may be consid-
ered for symptomatic patients (NYHA functional class
IL, III, or IV) with MV area greater than 1.5 cm? 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)

*See Table 4.27

3. Percutaneous mitral balloon valvotomy may be consid-
ered as an alternative to surgery for patients with
moderate or severe MS who have a nonpliable calcified
valve and are in NYHA functional class III-IV. (Level
of Evidence: C)

Class II1

1. Percutaneous mitral balloon valvotomy is not indicated
for patients with mild MS. (Level of Evidence: C)

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

The concept of mitral commissurotomy was first proposed by
Brunton in 1902, and the first successful surgical mitral
commissurotomy was performed in the 1920s. By the late
1940s and 1950s, both transatrial and transventricular closed
surgical commissurotomy were accepted clinical procedures.
With the development of cardiopulmonary bypass, open
mitral commissurotomy and replacement of the MV became
the surgical procedures of choice for the treatment of MS.
Percutaneous mitral balloon valvotomy emerged in the mid
1980s. This procedure, in which 1 or more large balloons is
inflated across the MV by a catheter-based approach, has
become the preferred procedure in selected patients compared
with surgical approaches.

The mechanism of improvement from surgical commissur-
otomy or percutaneous valvotomy is related to the successful
opening of commissures that were fused by the rheumatic
process. This results in a decrease in gradient and an increase
in the calculated MV area, with resulting improvement in
clinical symptomatology. The extent of hemodynamic and
clinical improvement is dependent on the magnitude of
decrease of transmitral gradient and increase in valve area.
Patients with pliable, noncalcified valves and minimal fusion
of the subvalvular apparatus achieve the best immediate and
long-term results when a substantial increase in the valve area
can be achieved.

Closed surgical commissurotomy with either a transatrial
or transventricular approach was popularized in the 1950s
and 1960s. Early and long-term postoperative follow-up
studies showed that patients had a significant improvement in
symptoms and survival compared with those treated medical-
ly.#35-437 Closed commissurotomy remains the surgical tech-
nique of choice in many developing countries, but open
commissurotomy is the accepted surgical procedure in most
institutions in the United States,*33-441 because it allows
direct inspection of the MV apparatus and, under direct
vision, division of the commissures, splitting of fused chor-
dae tendineae and papillary muscles, and debridement of
calcium deposits. Amputation of the left atrial appendage is
recommended to reduce the likelihood of postoperative
thromboembolic events.#*> The results of the operation are
dependent on the morphology of the MV apparatus and the
surgeon’s skill and experience. In patients with marked
deformity of the MV apparatus, a decision for MV replace-
ment can be made at the time of operation. The risk of surgery
is between 1% and 3%, depending on the concomitant
medical status of the patient.#3-44! Although there is an
inherent bias in the large reported surgical series, the 5-year
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reoperation rate is 4% to 7%, and the 5-year complication-
free survival rate ranges from 80% to 90%.

Percutaneous mitral balloon valvotomy was first performed
in the early 1980s and became a clinically approved tech-
nique in 1994. In the past decade, there have been major
advances in techniques and equipment, as well as changes in
patient selection. A double-balloon technique was the initial
procedure used by most investigators. Today, an hourglass-
shaped single balloon (Inoue balloon) is used by most centers
performing the technique. Percutaneous mechanical mitral
commissurotomy with a metallic valvotome has been intro-
duced, and the results appear to be similar. The advantage of
this technique is that multiple uses of the metallic device after
sterilization are feasible and reduce the cost of treatment#43;
however, it is not widely available, and there is limited
experience with this technique. The balloon valvotomy pro-
cedure itself is technically challenging and involves a steep
learning curve. There is a higher success rate and lower
complication rate in experienced, high-volume centers.**
Thus, the results of the procedure are highly dependent on the
experience of the operators involved, which must be consid-
ered when making recommendations for proceeding with this
technique.

The immediate results of percutaneous mitral valvotomy are
similar to those of mitral commissurotomy.**4-4>3 The mean
valve area usually doubles (from 1.0 to 2.0 cm?), with a 50% to
60% reduction in transmitral gradient. Overall, 80% to 95% of
patients may have a successful procedure, which is defined as a
MV area greater than 1.5 cm® and a decrease in left atrial
pressure to less than 18 mm Hg in the absence of complications.
The most common acute complications reported in large series
include severe MR, which occurs in 2% to 10%, and a residual
atrial septal defect. A large atrial septal defect (greater than 1.5:1
left-to-right shunt) occurs in fewer than 12% of patients with the
double-balloon technique and fewer than 5% with the Inoue
balloon technique. Smaller atrial septal defects may be detected
by transesophageal echocardiography in larger numbers of
patients. Less frequent complications include perforation of the
left ventricle (0.5% to 4.0%), embolic events (0.5% to 3%), and
myocardial infarction (0.3% to 0.5%). The mortality rate with
balloon valvotomy in larger series has ranged from 1% to
2%444-447453; however, with increasing experience with the
procedure, percutaneous mitral valvotomy can be done in
selected patients with a mortality rate of less than 1%.%8
Simultaneous echocardiography may be useful in directing
balloon placement and assessing hemodynamics.

Follow-up information after percutaneous balloon valvot-
omy is limited. Event-free survival (freedom from death,
repeat valvotomy, or MV replacement) overall is 50% to 65%
over 3 to 7 years, with an event-free survival of 80% to 90% in
patients with favorable MV morphology.398440:448-455 More than
90% of patients free of events remain in NYHA functional class
I or II after percutaneous mitral valvotomy. Randomized trials
have compared percutaneous balloon valvotomy with both
closed and open surgical commissurotomy.*°-4¢! These trials,
summarized in Table 18, consisted primarily of younger patients
(aged 10 to 30 years) with pliable MV leaflets. There was no
significant difference in acute hemodynamic results or compli-
cation rate between percutaneous mitral valvotomy and surgery,
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and early follow-up data indicate no difference in hemodynam-
ics, clinical improvement, or exercise time. However, longer-
term follow-up studies at 3 to 7 years*®4° indicate more
favorable hemodynamic and symptomatic results with percuta-
neous balloon valvotomy than with closed commissurotomy. Of
the 2 studies that compared percutaneous balloon valvotomy
with open commissurotomy, one reported equivalent results,*°
and the other showed more favorable results with open commis-
surotomy.“¢! This latter study included older patients with higher
MV scores.

The immediate results, acute complications, and follow-up
results of percutaneous balloon valvotomy are dependent on
multiple factors. It is of utmost importance that this procedure
be performed in centers with skilled and experienced operators.
Other factors include age, NYHA functional class, stenosis
severity, LV end-diastolic pressure, cardiac output, and pulmo-
nary artery wedge pressure.*40448:449.453 The underlying MV
morphology is the factor of greatest importance in determining
outcome,394-400446,449,450453,454.462 and immediate postvalvotomy
hemodynamics are predictive of long-term clinical out-
come.#48450453 Patients with valvular calcification, thickened
fibrotic leaflets with decreased mobility, and subvalvular fusion
have a higher incidence of acute complications and a higher rate
of recurrent stenosis on follow-up (Table 19). Because the
success of the procedure is dependent on the ability to split fused
commissures, the presence of marked fusion and severe calcifi-
cation of commissures is associated with an increased compli-
cation rate and higher incidence of recurrent symptoms.36-39%
Alternatively, in patients with noncalcified pliable valves, mild
subvalvular fusion, and no calcium in the commissures, the
procedure can be performed with a high success rate (greater
than 90%), low complication rate (less than 3%), and sustained
improvement in 80% to 90% over a 3- to 7-year follow-up
period.397398'400446448'450'453454

Relative contraindications to percutaneous balloon valvot-
omy include the presence of a left atrial thrombus and
significant (3+ to 4+) MR. Transesophageal echocardiogra-
phy is recommended before the procedure to determine the
presence of left atrial thrombus, specifically examining the
left atrial appendage. If a thrombus is found, 3 months of
anticoagulation with warfarin may result in resolution of the
thrombus. A prognostic model for predicting the resolution of
left atrial thrombi in candidates for percutaneous mitral
commissurotomy has been suggested. Combined clinical
functional class and echocardiographic left atrial thrombus
are predictive of the outcome of oral anticoagulation for
thrombus resolution.*63

In centers with skilled, experienced operators, percutane-
ous balloon valvotomy should be considered the initial
procedure of choice for symptom