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36TH BETHESDA CONFERENCE

Preamble

Robert A. Vogel, MD, FACC, Chair, ACCF Task Force on Clinical Expert Consensus Documents

This 36th Bethesda Conference report is the result of a
consensus conference held on November 6, 2004, in New
Orleans, Louisiana. Consensus conferences are designed to
facilitate consideration of significant and timely issues re-
garding the practice of cardiovascular medicine and matters
affecting patient care, research, and training for which
absolute or hard data are incomplete. Appropriate organi-
zations other than the American College of Cardiology
Foundation (ACCF) are invited to send representatives to
participate in the process, as appropriate to each topic.
These may include physicians and health care specialists as
well as representatives from industry, government, founda-
tions, and the public sector. A report is published to
highlight recommendations, along with dissenting opinion,
if appropriate. The recommendations set forth in this report
are those of the conference participants only and do not
necessarily reflect the official position of the ACCF.

The Task Force on Clinical Expert Consensus recog-
nizes the importance of maintaining high ethical stan-
dards and avoiding conflicts of interests. Because the
development of this conference report depends on the
knowledge and experience of its volunteers, many of
whom have relationships with industry, the policy for
writing committee members’ relationships must be real-
istic, workable, and implemented in a way that protects
the integrity of the process while allowing an open and
honest exchange of information. Therefore, the Task
Force facilitates a process for collection of disclosure
statements of all relationships of conference participants
that might be perceived as real or potential conflicts of
interest relevant to the conference activity and publishes
this information with the conference report. Please refer
to the appendix of each Task Force report for author
disclosure information.
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36TH BETHESDA CONFERENCE

Introduction: Eligibility

Recommendations for Competitive Athletes With
Cardiovascular Abnormalities—General Considerations

Barry J. Maron, MD, FACC, Co-Chair
Douglas P. Zipes, MD, MACC, Co-Chair

The focus of this 36th Bethesda Conference is the trained
athlete with an identified cardiovascular abnormality. The
goal is to formally develop prudent consensus recommen-
dations regarding the eligibility of such individuals for
competition in organized sports, and to present these
considerations in a readily useble format for clinicians. This
document constitutes an update of the 16th (in 1985) (1)
and more recent 26th (in 1994) (2) Bethesda Conferences.
Once again, we have attempted to ascertain by the consen-
sus of an expert panel which cardiovascular abnormalities
(and with what degree of severity) place the competitive
athlete at increased risk for sudden and unexpected death or
disease progression so as to justify medical recommenda-
tions against participation in all or certain competitive
sports, for the purpose of reducing that risk.

IMPETUS FOR THE REVISION

There are several reasons to offer this revision of the 26th
Bethesda Conference (2). Over the past decade, substantial
advances have taken place in the diagnosis and management of
a variety of genetic and acquired cardiovascular diseases, in the
recognition of the causes of athletic field deaths (3-5), and in
ethical and legal issues that impact medical decision making
(3-7). Also, sudden cardiac deaths in competitive athletes
continue to be highly visible, compelling, and emotional events
with significant liability considerations (3,6,7). These catastro-
phes are frequently subjected to intense public scrutiny largely
because of their occurrence in young and otherwise healthy
appearing individuals, including elite participants in collegiate
and professional sports (3,6,7). Such sudden deaths are known
to occur in athletes of both genders (although much more
commonly in men by 9:1), minorities, at a wide range of ages,
and in a broad spectrum of sports (most commonly basketball
and football in the U.S. and soccer in Europe) (3-5). All of
these considerations, as well as the legal decision in Knapp vs.
Northwestern, which placed the Bethesda Conference recom-
mendations for the eligibility of athletes with cardiovascular
abnormalities as a precedent (6), have led to the necessity for
this revised document.

DEFINITIONS

s before, we define the competitive athlete as one who
As bef define th petitive athlet h
participates in an organized team or individual sport that

requires regular competition against others as a central
component, places a high premium on excellence and
achievement, and requires some form of systematic (and
usually intense) training. Therefore, organized competitive
sports are regarded as a distinctive activity and lifestyle. An
important component of a competitive sports activity con-
cerns whether athletes are able to properly judge when it is
prudent to terminate physical exertion. For example, the
unique pressures of organized sports do not allow athletes to
demonstrate strict control over their level of exertion or
reliably discern when cardiac-related symptoms or warning
signs arise. However, the panel recognizes that this defini-
tion is most easily applied to high school, college, and
professional sports. Clinicians may want to use individual
judgment in defining competitive forms of physical activity
for participants in many youth sports activities, particularly
those for children less than age 12 years.

Athletes may be regarded as competitive in many sport-
ing disciplines—at almost any age or level of participation,
including involvement in high school, college, professional,
and master’s sports (8). The recommendations in this
document do not apply to (and are not specifically designed
for) non-competitive recreational sports activities; such
appropriate guidelines appear elsewhere (9). Nevertheless,
we also recognize that some practitioners will choose to
extrapolate or translate the recommendations for competi-
tive athletes selectively to some recreational sports, and to
non-athletes with occupations that require vigorous physical
exertion (e.g., firefighters or emergency medical techni-
cians), or to cardiac rehabilitation programs.

Furthermore, it is emphasized that these Bethesda Con-
ference recommendations should not be regarded as an
injunction against physical activity in general; indeed, the
panel recognizes the well-documented health benefits of
exercise. In particular, regular recreational physical activities
should be encouraged. Excessive and unnecessary restric-
tions could potentially create physical and psychological
burdens (particularly in young children).

PREVALENCE

The prevalence of cardiovascular disease in the young
athletic population is low. Furthermore, although the pre-
cise risk of sudden cardiac death in athletes with underlying
disease is unresolved, it is also undoubtedly low (3,10).
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Indeed, the number of athletes who die of cardiovascular or
related causes each year in the U.S. is probably less than 300,
compared with the large number of athletes participating in
a broad spectrum of organized sports (about 10 to 15
million) of all ages in the U.S.

If sudden death in athletes is a relatively uncommon
event, why is it regarded as a substantive medical issue? This
relates largely to the generally held perception that compet-
itive athletes represent the healthiest and most dynamic
members of society, in whom cardiovascular sudden deaths
become symbolic and riveting and strike to the core of our
sensibilities. Indeed, these events are counterintuitive, and
the visibility of such catastrophes is often enhanced by their
portrayal in the news media as public events rather than
personal and family tragedies (3,6,7). For elite athletes who
often achieve celebrity status, the economic stakes may be
high, making medical decision making even more difficult
(3,6,7). For all these reasons, the sudden deaths of athletes
have had enormous impact on the public consciousness and
attitudes of the medical profession.

CONFERENCE DESIGN AND FORMAT

A primary foundation for this 36th Bethesda Conference is
the generally accepted tenet that young trained athletes with
underlying cardiovascular abnormalities are at increased risk
for sudden cardiac death (usually on the athletic field) (3-5),
in comparison to non-athletes with cardiovascular disease
(relative risk 2.5, in one study) (11), largely by virtue of
exposure to the unique physiologic and psychologic stresses
of intense training and competition. Indeed, physical activ-
ity during training or competition appears to trigger the vast
majority of sudden deaths in athletes (3-5). That trained
athletes may occasionally die suddenly unrelated to exercise
or significant physical activity does not negate this principle.

Task Force reports 2 to 7 of this conference document offer
specific recommendations for the eligibility and temporary or
permanent disqualification of trained athletes with cardiovas-
cular abnormalities and structural diseases previously impli-
cated in sudden cardiac death (or disease progression). The
most common of these conditions in young athletes (less than
35 years of age) are hypertrophic cardiomyopathy (HCM),
congenital coronary artery anomalies of wrong sinus origin,
myocarditis, Marfan syndrome (with aortic dissection), and
arthythmogenic right ventricular cardiomyopathy (predomi-
nantly in Italy) (3-5,11) (Table 1).

Although many of these diseases have been generally
regarded as rare, it now appears that HCM is relatively
common (1:500 in the general population) (12). In contrast,
atherosclerotic coronary artery disease is by far the most
common cause of sudden death in older athletes, and
relatively uncommon in the young (3,13). We have arbitrarily
excluded from consideration other particularly rare potential
causes of sudden death, such as heat stroke, bronchial asthma,
cerebral hemorrhage, and hematologic disorders.

Other sections of this document address related areas

Maron and Zipes 1319
Introduction

Table 1. Causes of Sudden Death in 387 Young Athletes*

No. of
Cause Athletes Percent

Hypertrophic cardiomyopathy 102 26.4
Commotio cordis 77 19.9
Coronary artery anomalies 53 13.7
Left ventricular hypertrophy of 29 7.5

indeterminate causationt
Myocarditis 20 5.2
Ruptured aortic aneurysm (Marfan 12 3.1

syndrome)
Arrhythmogenic right ventricular 11 2.8

cardiomyopathy
Tunneled (bridged) coronary arteryt 11 2.8
Aortic valve stenosis 10 2.6
Atherosclerotic coronary artery disease 10 2.6
Dilated cardiomyopathy 9 2.3
Myxomatous mitral valve degeneration 9 2.3
Asthma (or other pulmonary condition) 8 2.1
Heat stroke 6 1.6
Drug abuse 4 1.0
Other cardiovascular cause 4 1.0
Long QT syndrome§ 3 0.8
Cardiac sarcoidosis 3 0.8
Trauma causing structural cardiac injury 3 0.8
Ruptured cerebral artery 3 0.8

*Data are from the registry of the Minneapolis Heart Institute Foundation (3).
1Findings at autopsy were suggestive of HCM but were insufficient to be diagnostic.
FTunneled coronary artery was deemed the cause of death in the absence of any other
cardiac abnormality. §The long QT syndrome was documented on clinical evaluation.
Source: Reproduced from Maron BJ. (3) with permission of the Massachusetts
Medical Society.

such as preparticipation screening and diagnostic strategies,
use of illicit drugs and dietary supplements, ethical and
medical-legal considerations for sports disqualification, as
well as sudden death due to blunt non-penetrating chest
blows in the absence of heart disease (i.e., commotio cordis)

(14,15).

RECOMMENDATIONS FOR
DISQUALIFICATION AND ELIGIBILITY

Although recommendations of the 36th Bethesda Confer-
ence do not reflect policy of the American College of
Cardiology Foundation, they are well considered views of a
group of experts convened to address the medical risks
imposed by competition on an athlete with a cardiovascular
abnormality. The present consensus recommendations were
necessarily based largely on individual and collective judg-
ments and the experience of the panel, as well as on the
available pertinent scientific data. Indeed, in the process of
formulating the recommendations, the panel participants,
who are cardiovascular authorities most comfortable with a
high level of precision, were often required to confront areas
in which there was a paucity of hard evidence and utilize the
“art of medicine” in designing recommendations.

It is the premise of the expert panel that firm recommen-
dations for temporary or permanent sports disqualification
be confined to individual athletes with probable or conclu-
sive evidence of disease rather than those with only border-
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line findings or the presumption of a diagnosis. In this way,
unnecessary restrictions from sports and the stigma of a
cardiac diagnosis in healthy individuals may be minimized.
We do recognize, however, that such an approach will inevi-
tably permit an occasional athlete to participate who might
otherwise be at some risk. Nevertheless, the level of importance
the individual athlete personally attaches to continuing or
resuming competitive sports is not regarded as a primary
determinant in formulating eligibility recommendations.

The recognition by panel members that all competitive
sports do not necessarily involve identical types or intensity
of exercise is reflected in the Task Force 8: Classification of
Sports. Training demands vary considerably even within the
same sport and the intensity of conditioning regimens often
exceed that of competition itself. However, it is often
difficult to accurately grade such differences in exercise
intensity owing to a variety of factors, including differing
motivational attitudes and training demands. The demands
of competitive sports may place athletes with certain car-
diovascular abnormalities in extreme, unusual, and unpre-
dictable environmental conditions (associated with alter-
ations in blood volume, hydration, and electrolytes), over
which they have limited control. These circumstances could
enhance the risk for potentially lethal arrhythmias and
sudden death and unavoidably distort the reliability of
individualized and prospective risk stratification. Con-
versely, it is suspected that for many athletes the removal
from their lifestyle of athletic training and competition will
reduce risk for sudden death or disease progression.

The recommendations in this report should also be
viewed in perspective. Appropriate sports disqualification is
only one component for potentially reducing risk, and each
relevant cardiovascular disease has its own treatment algo-
rithms, which can include selective implantation of a
cardioverter-defibrillator in high-risk patients (16).

The present recommendations formulated with respect to
allowable levels of sports activity can be regarded as gener-
ally conservative. Certainly, this is a prudent posture to
assume when the amount of available hard data and evi-
dence is limited in many decision-making areas, as may be
the case in portions of the 36th Bethesda Conference
document. The panel acknowledges that while available
data support the principle that competition in sports is
associated with an increased relative risk for sudden death in
the setting of known cardiovascular disease (11), the abso-
lute risk cannot be determined with certainty in an individ-
ual patient/athlete, and in fact may be low in certain
individuals. However, at present, additional risk-stratifying
tools are not available to independently (and more precisely)
guide many of these difficult medical decisions. Thus, it is
possible that the recommendations of this consensus panel
will occasionally cause some athletes to be withdrawn from
competition unnecessarily. This is, of course, unfortunate
because athletes derive considerable self-assurance, confi-
dence, physical well-being, and, even on occasion, financial
security from these activities. Nonetheless, the increased risk

JACC Vol. 45, No. 8, 2005
April 19, 2005:1318-21

of sudden death associated with intense athletic participa-
tion is a controllable risk factor, and the devastating impact
of even infrequent sudden deaths in this young population
underscores the wisdom of the conservative nature of these
recommendations. Indeed, various cultures harbor differing
societal views on the individual rights and prerogatives of
athletes to persist in their chosen lifestyle, independent of
the potential risks involved. In practice, consideration may
be given in individual athletes to changing their competitive
sport from a prohibited high-intensity activity to a permis-
sible low-intensity one (i.e., usually to class IA). However,
changing the position in which an athlete competes (e.g.,
from running-back to place-kicker in football) to accom-
plish the same end within high-intensity team sports may
prove difficult in practical terms.

Consequently, the 36th Bethesda Conference report is
presented here in the context of measured and prudent
recommendations—intended neither to be overly permissive
nor restrictive—and which should not be regarded as an
absolutely rigid dictum. Indeed, the managing physician
with particular knowledge regarding a given athlete’s car-
diovascular abnormality, psychological response to compe-
tition, and other medically relevant factors may choose to
adopt somewhat different recommendations in selected
individuals.

SPECIAL CONSIDERATIONS

Three considerations relevant to much of the document
deserve special consideration. First, medications, such as
beta-blockers commonly used to treat a variety of cardiac
diseases including systemic hypertension, HCM, long QT
syndrome, and Marfan syndrome, are likely to inhibit
performance in trained competitive athletes (7). The use of
such drugs in athletes cannot be regarded as either a means
of affording safety and specific protection against arrhyth-
mias, nor as a primary means for retaining eligibility in
vigorous competitive sports. Furthermore, use of beta-
blockers is specifically contraindicated in some sports.
Second, the availability of a free-standing automatic
external defibrillator at a sporting event should not be
considered either as absolute protection against a sudden
death event, a prospectively designed treatment strategy for
athletes with known cardiovascular disease, or justification
for participation in competitive sports that otherwise would
be restricted owing to underlying cardiac abnormalities and
the risk of life-threatening ventricular tachyarrhythmias.
Third, with the increased employment of the implantable
cardioverter-defibrillator (ICD) it is inevitable that increas-
ing numbers of high-risk athletes with defibrillators will
come to recognition. Although differences of opinion exist
and little direct evidence is available, the panel asserts that
the presence of an ICD (whether for primary or secondary
prevention of sudden death) should disqualify athletes from
most competitive sports (with the exception of low-
intensity, class IA), including those that potentially involve
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The present consensus panel recommendations of the 36th
Bethesda Conference for eligibility and disqualification of
competitive athletes are predicated on the prior diagnosis of
cardiovascular abnormalities. However, the methodology by
which these diseases are identified (including preparticipa-
tion screening) and how athletes come to evaluation for
competitive eligibility, may involve several scenarios. First,
athletes may be referred for assessment of clinical symptoms
or signs. Second, fortuitous recognition may occur in
routine clinical practice, triggered by findings on history and
physical examination, such as a heart murmur. Third, young
athletes may be suspected of having cardiovascular disease
by virtue of formalized large population screening examina-
tions that are customary before participation in competitive

athletics (1).

PREPARTICIPATION SCREENING

Indeed, the ultimate objective of preparticipation screening
carried out in general populations of trained athletes is the
recognition of “silent” cardiovascular abnormalities that can
progress or cause sudden cardiac death. Such screening
efforts have the capability of raising the clinical suspicion of
several cardiovascular diseases—usually by virtue of a heart
murmur, regarded to be of potential clinical significance,
cardiac symptoms (e.g., exertional chest pain, dispropor-
tionate dyspnea, or impairment in consciousness), or a
family history of heart disease or sudden unexpected death.
However, a major obstacle to implementation of large-scale
screening in the U.S. is the substantial number of young
athletes eligible for evaluation (about 10 to 12 million) and
the rarity of the cardiac diseases capable of causing sudden
death in this population (estimated prevalence, less than or
equal to 0.3%) (2).

Customary screening strategies for U.S. high school and
college athletes is confined to history-taking and physical
examination, generally acknowledged to be limited in its
power to consistently identify important cardiovascular
abnormalities. In one retrospective study, only 3% of trained
athletes who died suddenly of heart disease (and had been
exposed to preparticipation screening) were suspected of
harboring cardiovascular disease on the basis of history and
physical examination—and none had been disqualified from
competition (3). Although most trained athletes with occult
cardiovascular disease are asymptomatic, the prior history of

exertional-related syncope in a young athlete unavoidably
raises the consideration of a number of diseases known to
cause sudden cardiac death, including hypertrophic cardio-
myopathy (HCM) and ion-channel disorders, but in par-
ticular should also heighten the level of clinical suspicion for
congenital coronary anomalies of wrong sinus origin (4).

Furthermore, the quality of cardiovascular screening for
U.S. high school and college athletes, particularly the design
of approved questionnaires, has come under scrutiny regard-
ing inadequacies (5,6) when measured against American
Heart Association (AHA) recommendations (1) (Table 1).
Legislation in several states allows health care workers with
vastly different levels of training and expertise (including
chiropractors and naturopathic clinicians) to conduct
preparticipation sports examinations, often under subopti-
mal conditions. Improvement in this screening process,
including the training level of examiners, would undoubt-
edly result in a greater number of athletes identified with
previously unsuspected but clinically relevant cardiovascular
abnormalities. Indeed, development and dissemination of a
standardized and uniform national preparticipation history
and physical examination form for medical screening in all
high schools and colleges (which incorporates the AHA
recommendations) would be the most practical approach for
achieving this goal.

Certainly, the diagnosis of genetic diseases, such as
HCM, arrhythmogenic right ventricular cardiomyopathy
(ARVC), long QT and Brugada syndromes, and other
inherited arrhythmia syndromes in asymptomatic patients
has now taken on even greater relevance. This is because
individuals judged to be at sufficiently high-risk may be
eligible for primary prevention of sudden cardiac death with
an implantable cardioverter-defibrillator (7,8).

Conversely, in Italy, for the past 25 years, a formal
national preparticipation screening and medical clearance
program has been mandated for young competitive athletes
in organized sports programs (9,10). The Italian system is
unique by virtue of requiring annual evaluations that rou-
tinely include a 12-lead electrocardiogram (ECG) as well as
a history and physical examination; the ECG itself has
proven most useful in the identification of many previously
undiagnosed athletes with HCM (10). However, such
screening efforts may be complicated by the substantial
proportion of false-positive test results that potentially
represent a major burden to athletes, their families, and the
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Table 1. AHA Consensus Panel Recommendations for
Preparticipation Athletic Screening (1)

Family History
1. Premature sudden cardiac death
2. Heart disease in surviving relatives less than 50 years old
Personal History
3. Heart murmur
4. Systemic hypertension
5. Fatigue
6. Syncope/near-syncope
7. Excessive/unexplained exertional dyspnea
8. Exertional chest pain
Physical Examination
9. Heart murmur (supine/standing®)
10. Femoral arterial pulses (to exclude coarctation of aorta)
11. Stigmata of Marfan syndrome
12. Brachial blood pressure measurement (sitting)

*In particular, to identify heart murmur consistent with dynamic obstruction to left
ventricular outflow. From Maron BJ, et al. Circulation 1996;94:850—6, reprinted with
permission of the American Heart Association.

testing facilities. Obstacles in the U.S. to implementing
obligatory government-sponsored national screening in-
cluding ECGs or echocardiograms are the particularly large
population of athletes to screen, major cost-benefit consid-
erations, and the recognition that it is impossible to abso-
lutely eliminate the risks associated with competitive sports
(1,2). Nevertheless, some volunteer-based small-scale
screening programs using portable echocardiograms to ex-
amine high-school athletes on the field for HCM have
emerged.

Systematic preparticipation cardiovascular screening, pri-
marily to exclude atherosclerotic coronary artery disease in
older athletes, is not customary practice. Such persons are
largely participants in individual athletic activities such as
road and marathon racing, or in a variety of other organized
master’s sports (11).

DIAGNOSTIC TESTING STRATEGIES

When a cardiovascular abnormality is initially suspected (by
formal screening or otherwise), the diagnostic strategy
should focus on the systematic exclusion of those conditions
known to cause sudden death in young athletes; these
approaches include echocardiography, ECG, history, and
physical examination. Additional noninvasive (and invasive)
testing with cardiac magnetic resonance imaging (CMR),
exercise testing, ambulatory Holter ECG recording, im-
planted loop recorder, tilt table examination, or electro-
physiologic testing with programmed stimulation can be
considered in selected patients. Diagnostic myocardial bi-
opsies are used only selectively in athletes suspected clini-
cally of myocarditis.

Despite considerable assembled data regarding DNA-
based diagnosis over the past decade, identification of
genetic cardiovascular diseases such as HCM, long QT
syndrome, and other ion-channel disorders, ARVC, and
Marfan syndrome continues to be made through clinical
testing in the vast majority of cases, and this will remain so
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in the foreseeable future. At present, genetic testing is not
easily available on a routine clinical basis for most genetic
heart diseases, or for application to large athletic popula-
tions given the expensive and complex methodologies in-
volved and the genetic heterogeneity characteristic of these
diseases (12).

Echocardiography. Two-dimensional echocardiography is
the principal diagnostic imaging modality for clinical iden-
tification of HCM by demonstrating otherwise unexplained
and usually asymmetric left ventricular (LV) wall thickening
(12,13). In this regard, a maximal LV end-diastolic wall
thickness of 15 mm or more (or on occasion, 13 or 14 mm)
is the absolute dimension generally accepted for the clinical
diagnosis of HCM in an adult athlete (two or more standard
deviations from the mean relative to body surface area;
z-score of two or more in children) (12,13); however, any
specific LV wall thickness (including normal) is theoretically
compatible with the presence of a mutant HCM gene
(12,14). Echocardiography would also be expected to detect
and define other specific and relevant congenital structural
abnormalities associated with sudden death or disease pro-
gression in young athletes such as valvular heart disease
(e.g., mitral valve prolapse and aortic valve stenosis), aortic
root dilatation and mitral valve prolapse in Marfan or
related syndromes, and LV dysfunction and/or enlargement
(evident in myocarditis and dilated cardiomyopathy). Such
diagnostic testing requires interpretation by physicians
trained in echocardiography, but cannot guarantee full
recognition of all relevant lesions, and some important
diseases may escape detection despite expert screening
methodology. For example, the HCM phenotype may not
be evident when echocardiography is performed in the
pre-hypertrophic phase (i.e., a patient less than 14 years
of age) (12). Annual serial echocardiography is recom-
mended in HCM family members throughout adoles-
cence (12,14).

Electrocardiography. The 12-lead ECG may be of use in
the diagnosis of cardiovascular disease in young athletes,
and has been promoted as a practical and cost-effective
strategic alternative to routine echocardiography for
population-based preparticipation screening. For example,
the ECG is abnormal in up to 75% to 95% of patients with
HCM, and often before the appearance of hypertrophy
(12). The ECG will also identify many individuals with the
long QT, Brugada, and other inherited syndromes associ-
ated with ventricular arrhythmias. It raises the suspicion of
myocarditis by premature ventricular complexes and ST-T
abnormalities, or ARVC by T-wave inversion in leads V;
through V5 and low amplitude potentials (epsilon waves)
(1,2). Of note, however, a not inconsequential proportion of
genetically affected family members with long QT syn-
drome may not express QT interval prolongation, and ECG
abnormalities are usually absent in random recordings from
patients with congenital coronary artery anomalies (4).
Other tests. In those cases in which the echocardiogram is
normal or borderline for LV hypertrophy, but a suspicion
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Figure 1. Gray area of overlap between athlete’s heart and cardiomyopathies, including myocarditis, hypertrophic cardiomyopathy (HCM), and
arrhythmogenic right ventricular cardiomyopathy (ARVC). ECG = electrocardiogram; LV = left ventricular. From Maron BJ, N Engl ] Med

2003;349:1064~75, with permission of Massachusetts Medical Society (2).

for HCM persists (often due to an abnormal 12-lead ECG),
CMR may be useful in clarifying wall thickness or detecting
segmental areas of hypertrophy in selected regions of the LV
chamber which may be more difficult to image reliably with
conventional echocardiography, such as anterolateral free
wall or apex (15,16).

Definitive identification of congenital coronary artery
anomalies of wrong sinus origin usually requires sophisti-
cated laboratory imaging, including multi-slice computed
tomography or coronary arteriography. However, in young
athletes it is possible to raise the suspicion of these malfor-
mations with transthoracic or transesophageal echocardiog-
raphy or CMR imaging. Often, ARVC cannot be diag-
nosed reliably with echocardiography, and CMR is probably
the most useful noninvasive test for identifying the struc-
tural abnormalities in this condition (i.e., right ventricular
enlargement, wall motion abnormalities, adipose tissue re-
placement within the wall, and aneurysm formation); how-
ever, CMR is not an entirely sensitive or specific diagnostic

modality in ARVC (17).

ATHLETE’S HEART AND CARDIOVASCULAR DISEASE

Systematic training in endurance or isometric sports may
trigger physiologic adaptations and structural cardiac re-
modeling, including increased LV wall thickness, enlarged
ventricular and atrial cavity dimensions, and calculated
cardiac mass, in the presence of normal systolic and diastolic
function (i.e., athlete’s heart) (18). The magnitude of
physiologic hypertrophy may also vary according to the
particular type of sports training. Other adaptations to
training include a variety of abnormal 12-lead ECG pat-
terns in about 40% of elite athletes, which not infrequently

mimic those of cardiac disease (i.e., increased R- or S-wave
voltages, Q_waves, and repolarization abnormalities) (19).
Frequent and/or complex ventricular tachyarrhythmias on
ambulatory (Holter) ECG are not uncommonly found in
athletes and can also mimic certain cardiac diseases, includ-
ing myocarditis (20).

Clinical distinctions between physiologic athlete’s heart
and pathologic conditions (18—23) have critical implications
for trained athletes, because cardiovascular abnormalities
may trigger disqualification from competitive sports to
reduce the risk of sudden death or disease progression. An
over-diagnosis may lead to unnecessary restrictions, depriv-
ing athletes of the psychological, social, or possibly (in some
elite athletes) economic benefits of sports (2).

Morphologic adaptations of athlete’s heart can closely
resemble certain cardiovascular diseases and lead to a dif-
ferential diagnosis with HCM, dilated cardiomyopathy, and
ARVC (2) (Fig. 1). Such clinical dilemmas not infrequently
arise when cardiac dimensions fall outside clinically ac-
cepted partition values. For example, 2% of highly trained
adult male athletes show relatively mild increases in LV wall
thickness (13 to 15 mm) and 15% have LV cavity enlarge-
ment greater than or equal to 60 mm (2,21,22); both fall
into a borderline and inconclusive “gray zone” for which
extreme expressions of benign athlete’s heart and mild
morphologic forms of cardiomyopathy overlap (2,22,23).
Indeed, the two most common clinical scenarios encoun-
tered that unavoidably generate ambiguous diagnoses in
trained athletes are: 1) differentiating HCM from athlete’s
heart in athletes with an LV wall thickness of 13 to 15 mm,
non-dilated and normally contractile LV, and absence of
mitral valve systolic anterior motion; and 2) differentiating

F1
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Figure 2. Chart showing criteria used to favor or distinguish hypertrophic
cardiomyopathy (HCM) from athlete’s heart when maximal left ventricular
(LV) wall thickness is within shaded gray zone of overlap (i.e., 13 to
15 mm), consistent with both diagnoses. *Assumed to be the non-
obstructive form of HCM (under resting conditions) in this discussion
because the presence of substantial mitral valve systolic anterior motion
would confirm the diagnosis of HCM in the athlete. tMay involve a variety
of abnormalities, including heterogeneous distribution of left ventricular
hypertrophy (LVH) in which asymmetry is prominent and adjacent regions
may show greatly different thicknesses with sharp transitions evident
between segments, as well as unusual patterns in which the anterior
ventricular septum is spared from the hypertrophic process and LV
thickening may be in posterior portion of septum or anterolateral or
posterior free wall or apex. FAssessed with cardiopulmonary (metabolic)
exercise testing. |, = decreased; ECG = electrocardiogram; LA = left
atrial. From Maron BJ, et al. Circulation 1995;91:1596-601, reprinted

with permission of the American Heart Association (22).

early presentation of dilated cardiomyopathy from athlete’s
heart with LV end-diastolic cavity dimension 60 mm or
more with low-normal LV function (i.e., ejection fraction of
50% to 55%).

Such cases with diagnostic uncertainty are not uncom-
mon and may be resolved in many athletes by a number of
independent noninvasive clinical parameters, including the
response of cardiac mass to short periods of deconditioning,
or assessment of diastolic filling (22) (Fig. 2). Clarification
of such diagnostic ambiguities may also be achieved with
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CMR imaging, genotyping, and serial acquisition of clinical

and morphologic evidence over time.
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GENERAL CONSIDERATIONS

The most common congenital heart lesions that have been
associated with sudden death during sports participation are
hypertrophic cardiomyopathy, coronary artery anomalies,
Marfan syndrome, and aortic valve disease (1-3). Less
common lesions include complex defects, such as transpo-
sition and single ventricle, and those with associated pul-
monary vascular disease.

The recommendations presented are intended to provide
broad guidelines for patients with congenital heart defects
(4). When questions about the safety of sports participation
arise, there is no substitute for a comprehensive evaluation
by a knowledgeable and experienced physician. Exercise
testing can be useful, particularly if symptoms, the electro-
cardiogram (ECG), and blood pressure are monitored
during conditions that simulate the sport in question.
Arrhythmias discussed in this Task Force are usually iden-
tified by exercise testing or some form of long-term moni-
toring (including ambulatory Holter and event recording).
Serial evaluations may be required because of changing
hemodynamic status with time.

TYPES OF CONGENITAL DEFECTS

Atrial septal defect (ASD)—untreated. Most children
with ASD are asymptomatic, and closure is usually carried
out before they are active in competitive sports. An ECG
and echocardiogram are required for evaluation. Small atrial
defects are characterized by minimal or no right ventricular
volume overload, moderate or large defects have significant
volume overload but pulmonary hypertension is unusual.

Recommendations:

1. Athletes with small defects, normal right heart vol-
ume, and no pulmonary hypertension can participate
in all sports.

2. Athletes with a large ASD and normal pulmonary
artery pressure can participate in all competitive sports.

3. Athletes with an ASD and mild pulmonary hyperten-
sion can participate in low-intensity competitive
sports (class IA). Patients with associated pulmonary
vascular obstructive disease who have cyanosis and a
large right-to-left shunt cannot participate in com-
petitive sports.
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4. Athletes with ASD and symptomatic atrial or ven-
tricular tachyarrhythmia or moderate-to-severe mi-
tral regurgitation should follow the recommenda-
tions in Task Force 1: Preparticipation Screening
and Diagnosis of Cardiovascular Disease in Athletes,
and Task Force 6: Coronary Artery Disease,

respectively.

ASD—closed at operation or by interventional catheter-
ization. The ASDs usually are completely closed by oper-
ation or device insertion. When closure is performed in
childhood there is little or no residual right ventricular
enlargement. Supraventricular arrhythmias can occur after
closure and are more common when the defect is repaired
later in life (5—7). Evaluation should include an estimate of
cardiac performance, pulmonary vascular resistance and
right ventricular size, and a search for conduction or rhythm
disturbances. A chest radiograph, ECG, and echocardio-
gram usually are needed. Patients with preoperative pulmo-
nary hypertension, a right-to-left shunt, or both, before
operation require postoperative assessment of pulmonary
artery pressure with Doppler echocardiography or cardiac
catheterization.

Recommendations:

1. Three to six months after the operation or interven-
tion, patients can participate in all sports unless the
following are present: 1) evidence of pulmonary
hypertension; 2) symptomatic atrial or ventricular
tachyarrhythmias or second- or third-degree heart
block; and 3) evidence of myocardial dysfunction.

2. Patients with any of these abnormalities should have
an exercise evaluation and an individualized exercise
prescription with respect to competitive sports. For
related recommendations on competitive sports par-
ticipation, see the section entitled Elevated Pulmo-
nary Resistance and Ventricular Dysfunction After
Cardiac Surgery in this Task Force report, as well as
Task Force 7: Arrhythmias.

Ventricular septal defect (VSD)—untreated. The VSDs
are categorized as small, moderate, or large. If physical
examination and echocardiography indicate normal heart
size and normal pulmonary artery pressure in patients with
a suspected small VSD, further evaluation is not required.

A patient with a VSD that does not fit into the small
defect category may require further investigation. Cardiac
catheterization might be required.

A moderate-sized defect with low pulmonary vascular resis-
tance will have a pulmonary/systemic flow ratio of about 1.5 to
1.9. A large defect with low or mildly increased pulmonary
vascular resistance is defined as a pulmonary/systemic flow
ratio greater than or equal to 2 and pulmonary resistance less
than 3 U/m?. Large right-to-left shunts are discussed in the
section entitled Elevated Pulmonary Resistance.
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Recommendations:

1. Athletes with a VSD and normal pulmonary artery
pressure can participate in all sports.

2. Athletes with a large VSD who do not have marked
elevation of pulmonary resistance are candidates for
repair, and full participation in all sports would
normally occur after a successful VSD closure.

VSD—closed at operation or by interventional catheter-
ization. Successful repair is characterized by the absence of
symptoms, absence of significant shunt, cardiomegaly, or
arrhythmias, and the presence of normal pulmonary artery
pressure. Minimal diagnostic evaluation after surgery before
participation in sports includes a chest radiograph, ECG,
and echocardiogram. Patients with residual left or right
ventricular enlargement, myocardial dysfunction, or pulmo-
nary hypertension may require an exercise test or cardiac
catheterization before a decision for participation in sports
can be made.

Recommendations:

1. At three to six months after repair, asymptomatic
athletes with no defect or only a small residual defect
can participate in all competitive sports if they have
no evidence of pulmonary artery hypertension, ven-
tricular or atrial tachyarrhythmia, or myocardial dys-
function.

2. Athletes with symptomatic atrial or ventricular
tachyarrhythmias or second- or third-degree atrio-
ventricular (AV) block should follow the recommen-
dations in Task Force 7: Arrhythmias. Athletes with
mild-to-moderate pulmonary hypertension or ven-
tricular dysfunction should follow the recommenda-
tions in the section entitled Elevated Pulmonary
Resistance or Ventricular Dysfunction After Cardiac
Surgery.

3. Athletes with persistent, severe pulmonary hyperten-
sion cannot participate in competitive sports (see
section entitled Elevated Pulmonary Resistance).

Patent ductus arteriosus (PDA)—untreated. The patient
with a small PDA has a characteristic murmur, absence of
symptoms, and normal left heart chamber dimensions.
Those with a larger patent ductus have cardiomegaly and
widened pulse pressure. There may be evidence of pulmo-
nary hypertension. Minimal diagnostic studies generally
include echocardiography.

Recommendations:

1. Athletes with a small PDA and normal left heart
chamber dimension can participate in all competitive
sports.

2. Athletes with a moderate or large PDA, causing left
ventricular (LV) enlargement, should undergo surgi-
cal or interventional catheterization closure before
unrestricted competition.
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Table 1. Definitions of Mild, Moderate, and Severe Aortic Stenosis

Peak Instantaneous Echo

Peak-to-Peak Systolic
Gradient (Catherization)

Mean Echo Doppler
Gradient (CW)

Doppler Gradient (CW)*

Mild AS less than 30 mm Hg less than 25 mm Hg
Moderate AS 30 to 50 mm Hg 25 to 40 mm Hg
Severe AS greater than 50 mm Hg greater than 40 mm Hg

less than 40 mm Hg
40 to 70 mm Hg
greater than 70 mm Hg

*Gradients obtained from apical window usually most predictive of catheter gradient.

3. For athletes with a moderate or large PDA, severe
pulmonary hypertension, and cyanosis, see the sec-
tion entitled Elevated Pulmonary Resistance.

PDA, closed at operation or by interventional catheter-
ization. A successful result is characterized by the absence
of symptoms, a normal cardiac examination, and normal

echo/Doppler study.
Recommendations:

1. Three months after PDA closure, patients with no
symptoms, with normal cardiac examination, and
with no evidence of pulmonary hypertension or LV
enlargement can participate in all competitive sports.

2. For athletes with residual pulmonary artery hyperten-
sion see the section entitled Elevated Pulmonary
Resistance.

Pulmonary valve stenosis (PS)—untreated. Mild stenosis
is characterized by a systolic ejection murmur, variable
ejection click, and a normal ECG. A Doppler peak in-
stantaneous gradient less than 40 mm Hg usually indicates
mild stenosis, 40 to 60 mm Hg moderate stenosis, and
greater than 60 mm Hg severe stenosis. Most patients with
a gradient 50 mm Hg or greater undergo balloon

valvuloplasty.
Recommendations:

1. Athletes with a peak systolic gradient less than 40
mm Hg and normal right ventricular function can
participate in all competitive sports if no symptoms
are present. Annual re-evaluation is recommended.

2. Athletes with a peak systolic gradient greater than 40
mm Hg can participate in low-intensity competitive
sports (classes IA and IB). Patients in this category
usually are referred for balloon valvuloplasty or op-
erative valvotomy before sports participation.

PS—treated by operation or balloon valvuloplasty. Ad-
equate relief of PS is characterized by the absence or
improvement in symptoms, an improved physical examina-
tion, and Doppler study showing mild or no residual
gradient and mild or no pulmonary valvular regurgitation.

Recommendations:

1. Athletes with no or only residual mild PS and normal
ventricular function without symptoms can partici-
pate in all competitive sports. Participation in sports
can begin two to four weeks after balloon valvulo-

plasty. After operation, an interval of approximately
three months is suggested before resuming sports
participation.

2. Athletes with a persistent peak systolic gradient greater
than 40 mm Hg should follow the same recommenda-
tions as those for patients before treatment.

3. Athletes with severe pulmonary incompetence charac-
terized by a marked right ventricular enlargement can
participate in class IA and IB competitive sports.

Aortic valve stenosis (AS)—untreated. This section dis-
cusses congenital valvular AS in young patients; AS in
adults is addressed in Task Force 3. Differentiation between
mild and either moderate or severe AS is accomplished by
physical examination, ECG, and Doppler echocardiogra-
phy. The distinction between moderate or severe stenosis is
more difficult and may require cardiac catheterization in rare
situations when clinical examination, ECG, echocardiogra-
phy, and/or other data are discrepant. Patients with a
history of fatigue, light-headedness, dizziness, syncope,
chest pain, or pallor on exercise deserve a full evaluation,
which may include cardiac catheterization and exercise
testing. Because AS may progress, periodic re-evaluation is
needed. Sudden death is more likely to occur in patients
with severe LV hypertrophy, exertional syncope, chest pain
or dyspnea and a LV strain pattern on the ECG. Between
approximately 20% and 80% of sudden deaths in patients
with severe AS have been found to occur on physical
exertion (2,8).

For the purpose of these recommendations, Table 1
summarizes the definitions of mild moderate and severe AS.
It should be emphasized that virtually all patients classified
as moderate or severe AS would be expected to have left

ventricular hypertrophy by echocardiography.
Recommendations:

1. Athletes with mild AS can participate in all compet-
itive sports if they have a normal ECG, normal
exercise tolerance, and no history of exercise-related
chest pain, syncope, or atrial or ventricular tachyar-
rhythmia associated with symptoms.

2. Athletes with moderate AS can participate in low
static/low-to-moderate dynamic, and moderate static/
low-to-moderate dynamic (classes IA, IB, and IIA)
competitive sports if the following conditions are met:
e Mild or no LV hypertrophy by echocardiography

and the absence of LV strain pattern on the ECG.

T1
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e Normal exercise test without evidence of myocar-
dial ischemia or atrial or ventricular tachyarrhyth-
mia and with normal exercise duration and blood
pressure response. Those athletes with supraven-
tricular tachycardia or multiple or complex ven-
tricular tachyarrhythmias at rest or with exercise
can participate only in low-intensity competitive
sports, classes IA and IB.

e Absence of symptoms, as defined in the preceding
text.

3. Athletes with severe AS should not participate in
competitive sports.

The criteria in this section also apply to athletes with

discrete (membranous) subaortic stenosis and supravalvular
aortic stenosis.
Aortic stenosis—treated by operation or balloon valvu-
loplasty. After operation, a variable degree of residual
stenosis or regurgitation, or both, can be present. Re-
evaluation by physical examination, ECG, and echocardi-
ography is necessary for reassessment. In addition, exercise
stress testing or catheterization, or both, can be required for
patients whose physiologic and anatomic severity cannot
otherwise be determined.

Recommendations:

1. Athletes with residual mild, moderate, or severe
stenosis should follow the same recommendations as
previously defined for untreated patients.

2. Athletes with moderate to severe aortic regurgitation
should follow the recommendations in Task Force 3:
Valvular Heart Disease.

3. Because of the propensity for recurrence of LV
outflow obstruction in discrete subaortic stenosis
postoperatively, these patients require continued
follow-up and re-evaluation annually for exercise
recommendations. This recommendation also ap-

plies to all other forms of fixed AS.

Coarctation of the aorta—untreated. This abnormality is
characterized by obstruction usually present in the juxtaduc-
tal or juxtaligamental area. Severity is assessed by the arm
and leg pressure gradient, physical examination, exercise
testing, echocardiographic/Doppler studies, and cardiac
magnetic resonance (CMR) studies. Virtually all patients,
except those with mild coarctation, will undergo either
surgical repair or balloon dilation/stenting.

Recommendations:

1. Athletes with mild coarctation and the absence of
large collateral vessels or significant aortic root dila-
tion (z-score 3.0 or less) (score 3.0 = 3 standard
deviations from the mean for patient size), with a
normal exercise test and a small pressure gradient at
rest (usually 20 mm Hg or less between upper and
lower limbs), and a peak systolic blood pressure 230
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mm Hg or less with exercise can engage in all
competitive sports.

2. Athletes with a systolic arm/leg gradient more than
20 mm Hg or exercise-induced hypertension with a
systolic blood pressure more than 230 mm Hg can
engage in only low-intensity competitive sports (class
IA) until treated.

Coarctation of the aorta—treated by surgery or balloon
angioplasty. The majority of patients will have coarctation
repair or balloon arterioplasty performed during childhood.
After repair, abnormalities can persist, such as a mild
residual gradient, ventricular hypertrophy, systemic hyper-
tension, and residual obstruction evident on exercise (9,10).
Before a decision for participation, minimal diagnostic
studies, including a chest radiograph, ECG, exercise testing,
and echocardiographic evaluation of LV function and aortic
anatomy, should be done. Magnetic resonance imaging can
be useful to document residual anatomical abnormalities,
aortic dilation, or aneurysm formation.

Recommendations:

1. Participation in sports, three or more months after
surgical or balloon angioplasty for coarctation of the
aorta, is permitted for athletes with a 20 mm Hg or
less arm/leg blood pressure gradient at rest and a
normal peak systolic blood pressure during rest and
exercise.

2. During the first postoperative year, athletes should
refrain from high-intensity static exercise (classes
IIIA, IIIB, and IIIC) and sports that pose the danger
of bodily collision.

3. After three months, if patients continue to be asymp-
tomatic, with normal blood pressure at rest and
exercise, all sports are permissible except those with a
large static component (particularly, classes IIIA,
I1IB, and IIIC).

4. For athletes with evidence of significant aortic dila-
tion, wall thinning, or aneurysm formation, partici-
pation should be restricted to low-intensity compet-
itive sports (classes IA and IB).

Elevated pulmonary resistance with congenital heart
disease. Patients who have pulmonary vascular disease and
congenital heart disease are at risk for sudden death during
sports activity. As pulmonary vascular obstruction progresses,
these patients develop cyanosis at rest and intense cyanosis with
exercise. Although most of these patients self-limit their
activity, they should not participate in competitive sports.

Patients who have suspected elevated pulmonary artery
pressure after operation or interventional catheterization for
shunt lesions should be evaluated by echocardiography
and/or cardiac catheterization before engaging in competi-
tive athletics.
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Recommendations:

1. If pulmonary artery peak systolic pressure is 30 mm
Hg or less, athletes can participate in all sports.

2. If pulmonary artery pressure is more than 30 mm Hg,
a full evaluation and individual exercise prescription
are required for athletic participation.

Ventricular dysfunction after cardiac surgery. Left
and/or right ventricular dysfunction can occur after
surgical treatment of both simple and complex congenital
heart diseases and affect exercise performance. Periodic
assessment of ventricular function is required for partic-
ipation in sports because ventricular function may dete-
riorate over time.

Recommendations:

1. For full participation, normal or near-normal ven-
tricular function is required (ejection fraction 50% or
more).

2. Athletes with mildly depressed ventricular function
(ejection fraction 40% to 50%) should participate in
low-intensity static competitive sports only (classes
IA, IB, and IC).

3. Athletes with moderately to severely depressed ven-
tricular function (ejection fraction less than 40%)
should not participate in competitive sports.

Cyanotic congenital cardiac disease—unoperated. Cya-
notic congenital heart disease is associated with exercise
intolerance and progressive hypoxemia with increasing ef-
fort. Patients are unlikely to engage in competitive sports
because of their own self-limiting activity. There are rare
patients with cyanotic congenital heart disease (such as
pulmonary stenosis or mildly elevated pulmonary vascular
resistance plus atrial or ventricular defects) who reach
adolescence or even adult life with mild cyanosis at rest and
shortness of breath only with exercise. These patients may
experience a profound increase in cyanosis during sports
participation.

Recommendation:

1. Patients with untreated cyanotic heart disease can
usually participate in low-intensity competitive
sports of only class IA.

Postoperative palliated cyanotic congenital heart disease.
Palliative surgical intervention can be performed to increase
pulmonary blood flow in patients with decreased flow or to
limit blood flow in those with excessive flow. Often these
patients have significant relief of symptoms at rest, but
arterial desaturation during exercise frequently persists.

Recommendation:

1. Patients can participate in low-intensity competitive
sports (class IA), provided that the following criteria
are met:
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o Arterial saturation remains above approximately
80%

o Tachyarrthythmias associated with symptoms of
impaired consciousness not present

o There is not moderate/severe ventricular dys-
function.

Postoperative tetralogy of Fallot (T/F). The current treat-
ment for T/F is early repair, and patients have varying degrees
of pulmonary stenosis and mild/moderate pulmonary insuffi-
ciency. Diagnostic evaluation usually includes physical exami-
nation, chest radiograph, echocardiography, CMR, ambula-
tory ECG monitoring, and exercise testing. Cardiac
catheterization and/or exercise testing may be required for
complete evaluation in selected patients, particularly those with
significant cardiomegaly and/or symptoms. Patients with im-
portant residual abnormalities, such as a significant left-to-
right shunt, right ventricular hypertension, moderate-to-severe
pulmonary regurgitation, or right ventricular dysfunction, who
also have a history of syncope and/or arrthythmia, may be at risk
for sudden death (11).

Recommendations:

1. Athletes with an excellent repair should be allowed to
participate in all sports, providing that the following
criteria are met:

e Normal or near-normal right heart pressure

¢ No or only mild right ventricular volume overload

¢ No evidence of a significant residual shunt

e No atrial or ventricular tachyarrhythmia abnor-
mality on ambulatory ECG monitoring or exercise
testing

2. Patients with marked pulmonary regurgitation and
right ventricular volume overload, residual right ven-
tricular hypertension (peak systolic right ventricular
pressure greater than or equal to 50% systemic pres-
sure), or atrial or ventricular tachyarrhythmias,
should participate in low-intensity competitive sports
only (class IA).

Transposition of the great arteries (TGA)—post-
operative Mustard or Senning operation. Patients who
have had atrial repair of TGA can have significant hemo-
dynamic abnormalities including impaired systemic venous
return, abnormal right ventricular (systemic ventricular)
function, pulmonary stenosis or pulmonary hypertension,
abnormalities of pulmonary venous return, tricuspid insuf-
ficiency, and significant atrial or ventricular arrhythmias
(12). After atrial repair, the right ventricle is subjected to
systemic pressure, and because of the intrinsic properties of
the right ventricle its reserve is believed to be less than that
of the left ventricle. The consequences of hypertrophy and
dilation in a trained athlete after an otherwise excellent atrial
repair of transposition are unknown. Evaluation before
training and competition in moderate- and low-intensity
sports should include history and examination, chest radio-
graph, ECG, echocardiogram, CMR, ambulatory ECG



| rich3/zja-jacc/zja-jacc/zja00805 /zja0864-05m | thistled | S=62 | 3/18/05 | 10:00 | Art: 10871 | | DTD5.0 |

JACC Vol. 45, No. 8, 2005
April 19, 2005:1326-33

monitoring, and exercise testing. For patients in whom data
are unclear with regard to hemodynamic abnormalities or
ventricular function, cardiac catheterization may be
necessary.

Recommendations:

1. Selected patients can engage in low and moderate
static/low dynamic competitive sports (classes IA and
ITA) provided there is:

e Mild or no cardiac chamber enlargement on chest
radiograph, echocardiography, or CMR

e No history of atrial flutter, supraventricular tachy-
cardia, or ventricular tachyarrhythmia

¢ No history of syncope or other cardiac symptoms

e A normal exercise test defined as normal duration,
workload, heart rate, ECG, and blood pressure
response for age and gender.

2. Patients not in this category require an individual-
ized exercise prescription.

Postoperative arterial switch for TGA. A significant co-
hort of patients have had arterial switch repair of TGA and
are now old enough to engage in competitive sports. These
patients have a low prevalence of ventricular dysfunction,
arrhythmia with symptoms, and hemodynamic sequelae
(with the possible exception of pulmonary artery or anasto-
motic stenosis and neoaortic root dilation). Only limited
exercise data are available.

Recommendations:

1. Athletes with normal ventricular function, normal
exercise test, and no atrial or ventricular tachyar-
rhythmias can participate in all sports.

2. Athletes with more than mild hemodynamic abnor-
malities or ventricular dysfunction can participate in
low and moderate static/low dynamic competitive
sports (classes IA, IB, IC, and IIA), provided that

their exercise test is normal.

Congenitally corrected transposition of the great arteries
(CCTGA). Usually, CCTGA is associated with other
congenital malformations of the heart, such as ventricular
septal defect, pulmonary stenosis, and systemic AV valve
abnormalities, which may dictate the level of participation
in competitive sports. These patients are at risk for devel-

opment of supraventricular tachycardia and spontaneous
AV block.

Recommendations:

1. Asymptomatic patients with CCTGA without other
cardiac abnormalities may be eligible for participa-
tion in class IA and IIA sports if there is no systemic
ventricle enlargement, no evidence of atrial or ven-
tricular tachyarrhythmia on ambulatory ECG moni-
toring or exercise testing or normal exercise tests
(including normal maximum oxygen consumption for

age and gender).
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2. Periodic re-evaluation is important to detect devel-
opment of arrhythmias and deterioration of systemic
(right) ventricular function and systemic (tricuspid)
AV valve regurgitation. In particular, sports with a
large static component (classes IIIA, IIIB, IIIC)
such as power weightlifting are not recommended.

Postoperative Fontan operation. The Fontan operation is
characterized by systemic venous return bypassing the right
ventricle. The operation is used for the long-term palliation
of patients with tricuspid atresia or other complex types of
single ventricle. Although many patients improve clinically
after the Fontan operation, they usually have limited exer-
cise capacity and reduced cardiac output at rest and during
exercise (13). Postoperative arrhythmias have been associ-
ated with significant morbidity and mortality. Diagnostic
evaluation before sports participation should include a chest
radiograph, ECG, echocardiography or CMR, and exercise
testing with oxygen saturations.

Recommendations:

1. Athletes can participate in low-intensity competitive
sports (class IA).
2. Athletes can engage in class IB sports if they have

normal ventricular function and oxygen saturation.

Ebstein’s anomaly. A great deal of variability exists in the
severity of this malformation, which is characterized by
variable degrees of tricuspid regurgitation and right-heart
enlargement caused by a malformed and displaced tricuspid
valve. Cyanosis may be present due to atrial right-to-left
shunting. Even mild cases may be associated with important
arrhythmias. Severe cases can be associated with physical
disability and increased risk for sudden death with exercise.

Recommendations:

1. Athletes with a mild expression of Ebstein’s anomaly
without cyanosis, with normal right ventricular size,
and with no evidence of atrial or ventricular tachyar-
rhythmias can participate in all sports.

2. Athletes with tricuspid regurgitation of moderate
severity can participate in low-intensity competitive
sports (class IA) if there is no evidence of arrhythmia
on ambulatory ECG Holter monitoring other than
isolated premature contractions.

3. Athletes with severe Ebstein’s anomaly are precluded
from all sports participation. However, after surgical
repair, low-intensity competitive sports (class IA) can
be permitted if tricuspid regurgitation is absent or
mild, cardiac chamber size on chest radiograph or by
echocardiography is not substantially increased, and
symptomatic atrial or ventricular tachyarrhythmias
are not present on ambulatory ECG monitoring and
exercise test. Selected athletes with an excellent
hemodynamic result after repair may be permitted
additional participation on an individual basis.
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Congenital coronary artery anomalies. Congenital coro-
nary anomalies of wrong sinus origin are the second most
common cardiovascular cause of sudden death in young
athletes (1). The most common of these malformations is
anomalous origin of the left main coronary artery from the
anterior (right) sinus of Valsalva, with an acute angled bend
coursing between the pulmonary trunk and the anterior
aspect of the aorta (14,15). Rare cases of anomalous origin
of the right coronary artery from the left coronary sinus,
congenitally hypoplastic coronary arteries, and anomalous
origin of the left main coronary artery from the pulmonary
trunk have also been associated with sudden cardiac death
during exercise (1). Identification of these anomalies during
life can be difficult because patients often do not experience
warning symptoms, and rest and exercise ECGs are usually
normal. Coronary anomalies should be considered in ath-
letes with exertional syncope or symptomatic ventricular
arrhythmia and should be investigated using appropriate
studies such as echocardiography, CMR, or ultrafast com-
puted tomography imaging. Coronary arteriography is in-
dicated if other studies are not diagnostic. Surgery is usually
performed when the diagnosis is made (16).

Recommendations:

1. Detection of coronary anomalies of wrong sinus
origin in which a coronary artery passes between
great arteries should result in exclusion from all
participation in competitive sports.

2. Participation in all sports three months after success-
ful operation would be permitted for an athlete
without ischemia, ventricular or tachyarrhythmia, or
dysfunction during maximal exercise testing.

3. Athletes with previous myocardial infarction (MI)
should follow the appropriate recommendations in
Task Force 6: Coronary Artery Disease.

A discussion of coronary artery myocardial bridging appears
in Task Force 6: Coronary Artery Disease.

Kawasaki disease. Kawasaki disease, an acute, self-limited
vasculitis of unknown etiology, is now the most common
cause of acquired heart disease in children in the U.S. (17).
Coronary artery aneurysms develop in approximately 20% of
untreated children and in 4% of those treated with high-
dose intravenous gammaglobulin in the acute phase (18).
Coronary aneurysms, together with progressive coronary
artery stenosis, can lead to ischemic heart disease, MI, or
sudden death (19). Because coronary artery morphology
evolves over time, the risk of exercise for the individual
patient may change. Patients without coronary artery
changes on echocardiography at any stage of the illness
appear to have risk for ventricular tachyarrhythmias and
sudden death similar to that of the normal population in the
first 20 years after illness onset (19). When aneurysms
regress to normal lumen diameter, structural and functional
coronary abnormalities persist (20). Arteries with persistent
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aneurysmal morphology may develop stenoses or occlusion,
increasing the risk of myocardial ischemia (21). The risk
associated with competitive sports in individuals who have
had Kawasaki disease depends upon the degree of coronary
artery involvement. Of note, because of the general cardio-
vascular benefits of exercise, all patients with Kawasaki
disease should avoid a sedentary lifestyle.

Recommendations:

1. Patients with no coronary artery abnormalities or
transient coronary artery ectasia resolving during the
convalescent phase of the disease are encouraged to
participate in all sports after six to eight weeks.

2. Patients with regressed aneurysms can participate in
all competitive sports if they have no evidence of
exercise-induced ischemia by stress testing with myo-
cardial perfusion imaging.

3. Patients with isolated small- to medium-sized aneu-
rysms in one or more coronary arteries and judged to
be at low risk for ischemic complications (normal left
ventricular function, absence of exercise-induced
ischemia or arrhythmia) may participate in low to
moderate static and dynamic competitive sports
(classes IA, IB, IIA, and IIB). Stress testing with
evaluation of myocardial perfusion should be re-
peated at one- to two-year intervals to monitor
ischemia and guide further recommendations about
sports competition.

4. Patients with one or more large coronary aneurysms
or multiple (segmented) or complex aneurysms with
or without obstruction to coronary flow may partici-
pate in class IA and IIA sports if they have no
evidence of reversible ischemia on stress testing,
normal LV function, and absence of exercise-induced
arrhythmia. Stress testing with evaluation of myocar-
dial perfusion should be repeated at one-year inter-
vals to monitor ischemia and guide further recom-
mendations about sports competition.

5. Athletes with recent MI or revascularization should
avoid competitive sports until their recovery is com-
plete—usually six to eight weeks. Those with normal
LV ejection fraction, exercise tolerance, absence of
reversible ischemia or myocardial perfusion testing,
and absence of exercise-induced arrhythmias can
participate in class IA and IB sports. Those with left
ventricular ejection fraction less than 40%, exercise
intolerance, or exercise-induced ventricular tachyar-
rhythmias should not participate in competitive
sports.

6. Patients with coronary lesions who are taking anti-
coagulants and/or antiplatelet drugs (aspirin, clopi-
dogrel) should not participate in sports that pose a
danger of high speed collision.

doi:10.1016/j.jacc.2005.02.009
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GENERAL CONSIDERATIONS

The following valvular disorders are considered here in the
context of competitive athletes: mitral stenosis (IMS), mitral
regurgitation (MR), aortic stenosis (AS), aortic regurgita-
tion (AR), tricuspid regurgitation (TR), tricuspid stenosis,
and multivalvular disease. Recommendations are also pro-
vided for patients who have undergone valve repair or
replacement.

The diagnosis of valvular heart disease usually can be
made on the basis of the characteristic murmurs and
associated findings on physical examination. Estimation of
the severity of valvular disease is more difficult. In athletes,
where secondary gain in denying symptoms is likely, the
history may be unreliable. In truly asymptomatic patients,
severity can usually be determined from the physical exam-
ination and Doppler echocardiography. Additional testing
is often not necessary, but the electrocardiogram (ECG) and
chest radiograph can also aid in assessing severity, and
radionuclide angiography or cardiac magnetic resonance are
helpful in assessing left ventricular (LV) function when the
echocardiogram is of suboptimal quality.

Doppler echocardiography is the most important diag-
nostic test for valvular heart disease and is generally reliable
in distinguishing the severity of the lesion and assessing
hemodynamics and ventricular compensation. Although
very sensitive in identifying regurgitant jets, quantitation
can be more difficult. Recent guidelines have provided
recommendations for quantifying valvular regurgitation (1).
Only rarely are cardiac catheterization and angiography
necessary to determine the hemodynamic severity of valvular
lesions.

Valvular regurgitation is frequently detected in normal
subjects, including those without murmurs. With pulsed
Doppler echocardiography, TR has been reported in 24% to
96% of normal subjects, MR in 10% to 40%, pulmonic
regurgitation in 18% to 92%, and AR in 0% to 33% (2,3). In
athletes, the prevalence of valvular regurgitation detected by
Doppler is even higher, with at least one regurgitant jet
found in greater than 90% of subjects and triple-valve
regurgitation in 20% (4). The vast majority of these jets
represents a trivial regurgitant volume and is of no clinical
significance.

Although considerable information exists concerning the
natural history, development of symptoms, importance of
LV function, and indications for surgical or catheter-based
intervention in patients with valvular heart disease (5), there
are few data with regard to the rate of progression of the
valvular disease (especially in those exercising vigorously) or
factors that influence the rate of progression. The rate of

progression of aortic stenosis is highly variable among
individuals and difficult to predict (6). Chronic MR may
increase in severity with time but is more likely to do so in
patients who experience a new chordal rupture and flail
mitral leaflet (7). Little is known about the influence of
strenuous exertion on the progression of ventricular dys-
function, especially when that exertion is periodic in nature.
When valvular disease coexists with another cardiovascular
abnormality, such as arrhythmias or coronary artery disease
(CAD), recommendations with regard to eligibility for
sports should be based on the most restrictive of these
guidelines.

The present recommendations with regard to the permitted
level of athletic activity are offered only as guidelines. Physi-
cians with knowledge of an individual athlete, including the
severity of the lesion and the physiological and psychological
response to competition, may liberalize these recommenda-
tions in selected instances. The recommendations are for those
athletes who are asymptomatic, as symptoms will prevent
vigorous exercise in most subjects and, in most circumstances,
symptoms represent an indication for valve replacement or
repair (5). In situations in which the history may be unreliable
(e.g., when secondary gain in denying symptoms is likely),
exercise tolerance testing is useful in confirming normal effort
tolerance and suitability for the proposed athletic activity.

MITRAL STENOSIS

The etiology of MS is almost always rheumatic. Most patients
with significant MS will be sufficiently symptomatic that
participation in competitive sports is not an issue, but patients
with mild-to-moderate MS may be asymptomatic even with
strenuous exercise. Although MS rarely causes sudden death,
exercise (with an increase in heart rate and cardiac output) can
cause sudden marked increases in pulmonary capillary and
pulmonary artery pressures, at times resulting in sudden acute
pulmonary edema (8). Furthermore, the long-term effect of
repeated exertion-related increases in pulmonary artery wedge
and pulmonary artery pressures on the lungs or right ventricle
is unknown. The effect of even periodic strenuous exercise on
the likelihood of developing atrial fibrillation is also not known.
When atrial fibrillation occurs, even patients with mild MS
must be anticoagulated. The aforementioned considerations
must be understood by the patient and the family in consid-
ering participation in strenuous competitive activity. Another
problem associated with MS is systemic embolization, occur-
ring most commonly in the presence of atrial fibrillation, but
there is no evidence that this potential complication is pro-
voked by strenuous exercise.
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Evaluation. Clues regarding the hemodynamic severity of
MS may often be obtained from the history, physical
examination, ECG, and chest radiograph, but accurate
noninvasive assessment of severity requires two-dimensional
and Doppler echocardiography (9). In patients with MS and
minimal or no symptoms who wish to engage in competitive
sports, exercise stress testing should be performed to at least
the level of activity approximating the exercise demands of
the sport, particularly when there is a question as to the
severity of the MS. In addition, pulmonary artery systolic
pressure during exercise can be estimated noninvasively by
Doppler echocardiography and may be helpful in making a
decision as to how much activity is safe, even if the severity
of MS in an individual patient is estimated to be only mild
(5). If this is not practical or possible, then right heart
catheterization with exercise can be performed to measure
the pulmonary capillary wedge pressure and pulmonary
artery pressure.

Hemodynamic severity of MS can be categorized as
follows: mild = mitral valve area greater than 1.5 cm?,
exercise pulmonary artery wedge pressure less than or equal
to 20 mm Hg, or rest pulmonary artery systolic pressure less
than 35 mm Hg; moderate = mitral valve area 1.0 to 1.5
cm?, exercise pulmonary artery wedge pressure less than or
equal to 25 mm Hg, or rest pulmonary artery systolic
pressure less than or equal to 50 mm Hg; severe = mitral
valve area less than 1.0 cm?, exercise pulmonary artery
wedge pressure greater than 25 mm Hg, or rest pulmonary
systolic pressure greater than 50 mm Hg.

Recommendations:

1. Athletes with mild MS (as previously defined) in sinus
rhythm with peak pulmonary artery systolic pressure
during exercise less than 50 mm Hg can participate in
all competitive sports. Athletes with mild MS in atrial
fibrillation, or a history of atrial fibrillation, are dis-
cussed in recommendation 4 below.

2. Athletes with moderate MS (as previously defined),
either in sinus thythm or in atrial fibrillation, with
peak pulmonary artery systolic pressure during exer-
cise less than 50 mm Hg can participate in low and
moderate static and low and moderate dynamic com-
petitive sports (classes IA, IB, IIA, and IIB [see
Table 1 in Task Force Report 8: Classification of
Sports]).

3. Athletes with severe MS in either sinus rhythm or
atrial fibrillation or those with peak pulmonary artery
pressure greater than 50 mm Hg during exercise
should not participate in any competitive sports.

4. Patients with MS of any severity who are in atrial
fibrillation or have a history of atrial fibrillation, and
who must receive anticoagulation therapy, should not
engage in any competitive sports involving the risk
for bodily contact (see Task Force Report 8: Classi-
fication of Sports) or possible trauma.
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MITRAL REGURGITATION

Mitral regurgitation, unlike MS, has a variety of etiologies,
the most common of which is mitral valve prolapse (myx-
omatous mitral valve). Other common causes are rheumatic
heart disease, infective endocarditis, CAD, connective tissue
diseases (such as Marfan syndrome), and dilated cardiomy-
opathy. The recommendations outlined in this section are
for patients with primary valvular MR rather than MR
secondary to CAD or other conditions causing LV dilation
(see Task Force 4: HCM and Other Cardiomyopathies,
Mitral Valve Prolapse, Myocarditis, and Marfan Syndrome,
and Task Force 6: Coronary Artery Disease).
Evaluation. Mitral regurgitation can be detected by the
characteristic physical findings and confirmed by Doppler
echocardiography. The severity of the MR is related to the
magnitude of the regurgitant volume, which results in LV
dilation and increased left atrial pressure. The increased LV
diastolic volume enhances total LV stroke volume enough to
accommodate the regurgitant volume and to maintain the
forward stroke volume within normal limits. The low
impedance presented by regurgitation into the left atrium
unloads the left ventricle during ventricular systole, such
that measures of LV pump function (e.g., ejection fraction)
tend to overestimate true myocardial performance (10).
The severity of chronic MR can be adequately judged by
noninvasive techniques, principally two-dimensional and
Doppler echocardiography. The larger the jet area, and the
wider the jet at its origin above the valve, the more severe
the regurgitation. The entry of the jet into the atrial
appendage or pulmonary vein or systolic reversal of the flow
in pulmonary veins are all indicators of severity. Various
measures of the severity of MR have been described (1,11).
In some patients with eccentric jets or those impinging on
the atrial wall, the assessment may be difficult (1). Gener-
ally, the LV diastolic volume reflects the severity of chronic
MR. However, it should be noted that the upper limit of normal
LV size is increased in the healthy, highly trained athlete. In a
series of elite athletes, echocardiographic LV end-diastolic di-
mensions as high as 66 mm were recorded in women (mean, 48
mm) and up to 70 mm in men (mean, 55 mm) (12). LV
end-diastolic dimensions greater than or equal fto 55 mm were
observed in 45% of participants and greater than 60 mm in
14% of participants. Therefore, assessment of LV enlargement in
a highly trained athlete with known or suspected valvular heart
disease must take this issue into consideration. Hence, for
purposes of this discussion, an LV end-diastolic dimension
greater than 60 mm is considered likely to represent the
effects of LV volume overload due to valvular disease and
not per se to physiologically based exercise training.
Patients with chronic MR should be followed longitudi-
nally with serial echocardiograms (5). A decrease in ejection
fraction and/or increase in end-systolic volume with time is
a helpful marker of declining LV function and an indication
of having reached the limits of cardiac compensation.
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Effects of exercise. In general, exercise produces no signifi-
cant change or a mild decrease in the regurgitant fraction
because of reduced systemic vascular resistance. However,
patients with elevation of heart rate (increased systolic ejection
time per min) or blood pressure with exercise may manifest
marked increases in regurgitant volume and pulmonary capil-
lary pressures. Hence, static exercise that increases arterial
pressure is potentially deleterious. Ejection fraction usually
does not change or decreases slightly with exercise, although
the ejection fraction response may be completely normal in
young, asymptomatic subjects.

The etiology of MR may be important in making recom-
mendations concerning heavy physical activity. In patients with
MR secondary to previous infective endocarditis or ruptured
chordae, the valve tissues theoretically could be further dam-
aged or torn by marked sustained increases in LV systolic
pressure.

Recommendations:

1. Athletes with mild to moderate MR who are in sinus
rhythm with normal LV size and function and with
normal pulmonary artery pressures can participate in
all competitive sports.

2. Athletes with mild to moderate MR in sinus rthythm
with normal LV systolic function at rest and mild LV
enlargement (compatible with that which may result
solely from athletic training [less than 60 mm {12}])
can participate in some low and moderate static and
low, moderate, and high dynamic competitive sports
(classes IA, IB, 1C, IIA, IIB, and IIC).

3. Athletes with severe MR and definite LV enlarge-
ment (greater than or equal to 60 mm [12]), pulmo-
nary hypertension, or any degree of LV systolic
dysfunction at rest should not participate in any
competitive sports.

4. Patients in atrial fibrillation or a history of atrial
fibrillation who are receiving long-term anticoagula-
tion should not engage in sports involving any risk
for bodily contact (see Task Force 8: Classification of
Sports) or danger of trauma.

AORTIC STENOSIS

The diagnosis of AS is established by the characteristic
physical findings and two-dimensional and Doppler echo-
cardiography. The three most common etiologies are: 1)
rheumatic, 2) congenital, and 3) calcific or degenerative.
The majority of young adults with AS participating in
competitive athletics have congenital lesions.
Evaluation. Continuous-wave Doppler echocardiography
can reliably estimate the severity of AS, especially in the
presence of normal cardiac output, which is the case in the
great majority of those engaging in competitive sports (13).
Symptoms of dyspnea, syncope, or angina pectoris occur
late in the course of AS (14), and the likelithood of sudden
death increases significantly with the onset of symptoms.
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Because even transient symptoms are so important in
marking the onset of increased risk of sudden death, the
physician must be aware that dyspnea, near-syncope, and
even syncope are likely to be unreported in competitive
athletes. Although sudden death is more frequent in symp-
tomatic patients with severe AS, it may also occur in
completely asymptomatic patients (15). When doubt per-
sists with regard to the severity of AS after Doppler study,
or if a patient with mild-to-moderate AS has symptoms,
cardiac catheterization should be performed. Sudden death
is rare with mild AS.

Athletes with a history of syncope, even with mild AS,
should be carefully evaluated by a cardiologist. This should
include assessment of arrhythmias with exercise. Syncope
should be regarded as a possible surrogate for spontaneously
aborted sudden death and should be thoroughly investigated
(see Task Force 7: Arrhythmias).

Severity of AS measured by continuous-wave Doppler
echocardiography (or in those instances previously noted by
cardiac catheterization) is categorized as follows with re-
spect to the calculated aortic valve area: mi/d = greater than
1.5 cm?; moderate = 1.0 to 1.5 cm?; and severe = less than
or equal to 1.0 cm? (5). This translates roughly (assuming
that athletes have normal cardiac output) to the estimated
mean aortic valve pressure gradient as follows: mi/d = less
than 25 mm Hg; moderate = 25 to 40 mm Hg; and severe =
greater than 40 mm Hg (5).

Because AS is often progressive, periodic re-evaluation at
least yearly is necessary and should be performed by a
physician with expertise in cardiology. This reassessment
includes physical examination and Doppler echocardiogra-
phy, but may require cardiac catheterization in selected
patients as previously noted. In addition, Holter monitoring
with intense exercise resembling competition is recom-
mended to detect ventricular arrhythmias in patients with
AS who wish to participate in competitive athletics.

In patients with AS, a markedly elevated cardiac output
or peripheral vascular resistance for sustained periods of
time could result in an exaggerated valvular gradient and a
marked increase in LV systolic pressure. Given these pre-
cautions, the following recommendations can be made.

Recommendations:

1. Athletes with mild AS can participate in all compet-
itive sports, but should undergo serial evaluations of
AS severity on at least an annual basis.

2. Athletes with moderate AS can engage in low-intensity
competitive sports (class IA). Selected athletes may
participate in low and moderate static or low and
moderate dynamic competitive sports (classes IA, IB,
and ITA) if exercise tolerance testing to at least the level
of activity achieved in competition demonstrates satis-
factory exercise capacity without symptoms, ST-
segment depression or ventricular tachyarrhythmias,
and with a normal blood pressure response. Those



| rich3/zja-jacc/zja-jacc/zja00805 /zja0864-05m | thistled | S=62 | 3/18/05 | 10:00 | Art: 10872 | | DTD5.0 |

JACC Vol. 45, No. 8, 2005
April 19, 2005:1334-40

athletes with supraventricular tachycardia or multiple or
complex ventricular tachyarrhythmias at rest or with
exercise can participate only in low-intensity competi-
tive sports (class IA).

3. Patients with severe AS or symptomatic patients with
moderate AS should not engage in any competitive
sports.

AORTIC REGURGITATION

Aortic regurgitation has multiple etiologies, as any disease
affecting the aortic valve, annulus, or proximal ascending
aorta can result in AR. The common etiologies are: 1)
congenital bicuspid aortic valve; 2) rheumatic heart disease;
3) infective endocarditis; and 4) aortic root diseases, includ-
ing Marfan syndrome, ascending aortic aneurysm, aortic
dissection, systemic hypertension, and rheumatoid spondy-
litis. Aortic regurgitation increases LV diastolic volume and
stroke volume, which may ultimately lead to LV systolic
dysfunction (10). In addition, myocardial oxygen supply/
demand imbalance may develop because of the increased
wall stress, LV hypertrophy, and reduced diastolic blood
pressure (reduced coronary perfusion pressure).

Patients with severe AR may remain asymptomatic and

athletic for many years, but angina pectoris, syncope, and
ventricular arrhythmias ultimately may appear. Sudden
death is rare among asymptomatic patients (less than 0.2%
per year [5]) but can occur.
Evaluation. The hemodynamic severity of AR can be
assessed noninvasively by physical examination (the severity
being reflected by the degree of LV dilation and the
peripheral signs of AR), chest radiography, and echocardi-
ography. As noted previously, the upper limit of normal LV
end-diastolic size is increased in the healthy, highly trained
athlete (12), and this may well affect assessment of LV
enlargement in the setting of AR.

Because of the importance of assessing LV function and
the size of the aortic root and proximal ascending aorta in
determining the etiology of AR, with resulting implications
for athletic participation, evaluation by echocardiography is
essential. Doppler echocardiography is very sensitive in
detecting any degree of AR. Similar to MR, the greatest
difficulty arises in differentiating moderate and severe AR.
Qualitatively, the width of the regurgitant jet and the
proportion of the LV outflow tract occupied by the jet are
related to the severity of the AR, as is the slope velocity
profile of the diastolic jet. The regurgitant volume can also
be measured quantitatively by Doppler methods (1).

The LV function should be assessed serially by two-
dimensional echocardiography (5). Radionuclide angiogra-
phy or cardiac magnetic resonance may be helpful if
echocardiograms are of suboptimal quality. Exercise testing
can be useful in assessing exercise capacity, especially in
those patients having nonspecific or mild symptoms, and it
is recommended that testing be performed to at least the
level of exertion required by the proposed competitive sport.
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Holter monitoring with intense exercise resembling compe-
tition is recommended to detect ventricular arrhythmias in
patients who wish to participate in competitive athletics.
Effects of exercise. With exercise, regurgitant volume de-
creases because of the decrease in peripheral vascular resis-
tance that reduces diastolic blood pressure and the decrease
in diastolic filling period that accompanies the increase in
heart rate (16). Because of these changes in preload and
afterload, the failure of the ejection fraction to increase with
exercise is of uncertain significance, and there are insuffi-
cient data with which to use this finding in formulating
recommendations regarding participation in competitive
athletics. There are also no data to define whether severe
increases in physical activity permanently affect the function
of the left ventricle.

For purposes of the following recommendations, hemo-
dynamic severity of AR is graded as follows: mild = absent
to slight peripheral signs of AR, normal LV size; moderate =
peripheral signs of AR with mild-to-moderate increases in
LV size with normal systolic function; and severe = periph-
eral signs of AR with severe LV enlargement and/or LV
systolic dysfunction.

Recommendations:

1. Athletes with mild or moderate AR, but with LV
end-diastolic size that is normal or only mildly
increased, consistent with that which may result
solely from athletic training (12), can participate in
all competitive sports. In selected instances, athletes
with AR and moderate LV enlargement (60 to 65
mm) can engage in low and moderate static and low,
moderate, and high dynamic competitive sports
(classes IA, IB, 1C, IIA, IIB, and IIC) if exercise
tolerance testing to at least the level of activity
achieved in competition demonstrates no symptoms
or ventricular arrhythmias. Those with asymptomatic
nonsustained ventricular tachycardia at rest or with
exertion should participate in low-intensity compet-
itive sports only (class IA) (see also Task Force 7:
Arrhythmias).

2. Athletes with severe AR and LV diastolic diameter
greater than 65 mm as well as those with mild or
moderate AR and symptoms (regardless of LV di-
mension) should not participate in any competitive
sports.

3. Those with AR and significant dilation of the prox-
imal ascending aorta (greater than 45 mm) can en-
gage only in low-intensity competitive sports (class
IA). These criteria do not apply to athletes with
Marfan syndrome and AR, in whom the risks of
aortic dissection and rupture are high, and any degree
of aortic dilatation would be sufficient to prohibit
competitive athletics, as discussed in Task Force 4:
HCM and Other Cardiomyopathies, Mitral Valve
Prolapse, Myocarditis, and Marfan Syndrome.
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BICUSPID AORTIC VALVES

WITH AORTIC ROOT DILATATION

There is growing awareness that many patients with
bicuspid aortic valves have disorders of vascular connec-
tive tissue, involving loss of elastic tissue, that may result
in aortic root dilatation even in the absence of hemody-
namically significant AS or AR (17,18). These patients
have a risk of aortic dissection; surgery to repair the aorta
has been recommended for those patients with greatly
enlarged aortic roots (5,18). Recommendations for ath-
letic participation in patients with bicuspid valve disease
and associated aortic root dilatation are based on limited
data, but with the understanding that aortic dissection
can occur in some patients with aortic root diameters less
than 50 mm. The recommendations that follow are for
patients with bicuspid valves and associated aortic root
enlargement. If such patients also have significant AS or
AR, these recommendations should be considered in
concert with those discussed in the present Task Force
for patients with AS or AR. The following recommen-
dations do not pertain to patients with Marfan syndrome,
which are discussed in Task Force 4.

Recommendations:

1. Patients with bicuspid aortic valves with no aortic
root dilatation (less than 40 mm or the equivalent
according to body surface area in children and ado-
lescents) and no significant AS or AR may participate
in all competitive sports.

2. Patients with bicuspid aortic valves and dilated aortic
roots between 40 and 45 mm may participate in low
and moderate static or low and moderate dynamic
competitive sports (classes IA, IB, IIA, and IIB), but
should avoid any sports in these categories that
involve the potential for bodily collision or trauma.

3. Patients with bicuspid aortic valves and dilated aortic
roots greater than 45 mm can participate in only
low-intensity competitive sports (class IA).

TRICUSPID REGURGITATION

Tricuspid regurgitation is most often secondary to right
ventricular (RV) dilation and failure due to pulmonary or
RV hypertension. Other etiologies that may affect athletes
include rheumatic heart disease, tricuspid valve prolapse,
infective endocarditis, congenital anomalies such as
Ebstein’s anomaly, and the sequelae of surgery for congen-
ital heart disease leaving the patient with RV dilatation.
Recommendations here with respect to athletes are for those
with primary TR.

Primary TR leads to RV volume overload with the risk of
subsequent RV failure as well as increased systemic venous
pressure and its consequences. Severity of TR and estima-
tion of right atrial and RV pressures can be determined
noninvasively from physical examination, chest radiograph,
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and Doppler echocardiography. Occasionally, right-heart
catheterization is necessary when these measures cannot be
determined noninvasively. There is no evidence that the
athlete with isolated primary TR is placed in jeopardy by
engaging in heavy physical exertion.

Recommendation:

1. Athletes with primary TR, regardless of severity, with
normal RV function in the absence of right atrial
pressure greater than 20 mm Hg or elevation of RV
systolic pressure can engage in all competitive sports.

TRICUSPID STENOSIS

Tricuspid stenosis is for the most part caused by rheumatic
heart disease and is nearly always associated with MS. In
that instance, the patient should be judged according to the
severity of the MS. Isolated tricuspid stenosis is rare. Such
patients should undergo exercise testing at least to the level
anticipated in their sport. If asymptomatic, athletes may
compete in all competitive activities.

MULTIVALVULAR DISEASE

Multivalvular disease occurs in the context of rheumatic
heart disease, myxomatous valvular disease, and infective
endocarditis. The lesions can be diagnosed by physical
examination and Doppler echocardiography. The relative
contribution of each of the lesions may be difficult to assess
noninvasively, and cardiac catheterization and angiocardio-
graphy are frequently necessary to resolve these distinctions.

Recommendation:

1. Multiple lesions of moderate severity may have ad-
ditive physiologic effects. In general, athletes with
significant multiple valvular disease should not par-
ticipate in any competitive sports.

PROSTHETIC HEART VALVES

Several general comments apply to all patients who have
undergone valve replacement. First, although most patients
improve after valve replacement and many become asymp-
tomatic, the long-term mortality after operation is greater
than that of a normal population of similar age. Second, a
transvalvular gradient of varying severity is present in most
patients after valve replacement (5,19). Third, although
hemodynamic variables at rest may be essentially normal
after valve replacement, many patients have an abnormal
response to exercise (20). Finally, after valve replacement
(with few exceptions) patients with mechanical prostheses
require anticoagulant agents, and those with bioprosthetic
valves in sinus rhythm usually do not. In assessing the
athlete’s capacity for physical activity, exercise stress testing
to at least the level of activity performed in the competitive
sport is valuable.
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Effects of exercise. There are insufficient data to determine
whether vigorous repetitive exercise after valve replacement
has any long-lasting effect on ventricular or prosthetic valve
function. The patient should be made aware of these
deficiencies in our knowledge before deciding whether to
participate in competitive athletics. Because mechanical and
most tissue valves have reduced effective valve areas, they
perform best at normal heart rates. Therefore, a sustained
heart rate greater than 120 beats/min might result in
elevated valve gradients and cardiac outputs that are less
than normally expected.

Recommendations:

1. Athletes with a bioprosthetic mitral valve not taking
anticoagulant agents and who have normal valvular
function and normal or near-normal LV function can
participate in low and moderate static and low and
moderate dynamic competitive sports (classes IA, IB,
IIA, and IIB).

2. Athletes with a mechanical or bioprosthetic aortic
valve, with normal valve function and with normal
LV function, can engage in low and moderate static
and low and moderate dynamic competitive sports
(classes IA, IB, and IIA). Athletes participating in
greater than low-intensity competitive sports (class
IA) should undergo exercise testing to at least the
level of activity achieved in competition to evaluate
exercise tolerance and symptomatic and hemody-
namic responses.

3. Independent of other considerations, athletes with a
mechanical or bioprosthetic mitral valve or aortic
valve who are taking anticoagulant agents should not
engage in sports involving the risk of bodily contact
(see Task Force 8: Classification of Sports) or the
danger of trauma.

VALVE REPAIR OR
PERCUTANEOUS MITRAL BALLOON VALVOTOMY

Several general comments apply to athletes who have
undergone valve repair or percutaneous mitral balloon mitral
valvotomy (PMBYV). The benefits of surgical mitral valve
repair for MR appear to persist long term, but the effects of
strenuous exercise on repaired mitral valves have not been
studied systematically. After treatment for MS with PMBV
or either closed or open surgical mitral commissurotomy,
the patient should have no disability if there has been no
injury to the left ventricle or development of significant
MR. After aortic valvuloplasty in young patients with
congenital AS, there is the risk of subsequent endocarditis,
AR, or recurrent AS. Athletes should be evaluated for
competitive sports on the basis of their residual hemody-
namic state.
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Recommendations:

1. For patients with MS who have undergone successful
PMBYV or surgical commissurotomy, recommenda-
tions for participation in competitive sports should
be based on the residual severity of the MS or MR, as
in patients without operation. Capacity to engage in
physical exercise should be evaluated with an exercise
tolerance test at least to the level of anticipated
activity. Patients with LV dysfunction should be
restricted from athletic participation in the same
context as those without operation.

2. Athletes who have undergone mitral valve repair for
MR should not engage in sports involving the risk or
likelihood of bodily contact (see Task Force 8: Clas-
sification of Sports) or possible trauma, which might
disrupt the repair. They can participate in low-
intensity competitive sports (class IA) and, in se-
lected athletes, in low and moderate static and low
and moderate dynamic competitive sports (classes

IA, IB, and IIA).

doi:10.1016/j.jacc.2005.02.010
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HYPERTROPHIC CARDIOMYOPATHY

General considerations. Hypertrophic cardiomyopathy
(HCM) is a relatively common form of genetic heart disease
(0.2%; 1:500 in the general population) (1), and the most
common cause of sudden unexpected cardiac death in young
people, including competitive athletes (2). Sudden death
may occur at any age, but is most common in individuals 30
years of age or less. At present, 12 mutant genes (most
encoding sarcomeric proteins) and over 400 specific muta-
tions in these genes have been implicated in the pathogen-
esis of clinically diagnosed HCM (3).

The disease is characterized by heterogeneous presen-
tation and natural history in which the most consistent
diagnostic feature demonstrated by echocardiography is
otherwise unexplained and usually asymmetric hypertro-
phy associated with a non-dilated left ventricle (LV)
(3-5). Clinical diagnosis of HCM is made by recognition
of the disease phenotype with LV hypertrophy (3,4). In
this regard, a maximal LV end-diastolic wall thickness of
15 mm or more (or on occasion, 13 or 14 mm) is the
absolute dimension generally accepted for the clinical
diagnosis of HCM in an adult athlete (in children, 2 or
more standard deviations from the mean relative to body
surface are; z-score of 2 or more); however, any LV wall
thickness (including normal) is theoretically compatible
with the presence of a mutant HCM gene (3,4). Of note,
individuals of virtually any age (but usually less than 14
years old) harboring a HCM-causing mutant gene may
not manifest LV hypertrophy (3,4).

In a disease such as HCM, extrapolation of risk level

from non-athletes to highly trained competitive athletes is
tenuous. This relates to the unstable electrophysiologic
substrate and propensity for potentially lethal ventricular
tachyarrhythmias in HCM, interacting with the physiologic
stresses inherent in athletic training and competition (i.e.,
alterations in blood volume, hydration, and electrolytes).
Furthermore, no single clinical, morphologic, or electro-
physiologic factor has emerged as the reliable predictor of
risk in HCM (3,4). Therefore, because the panel could not
precisely stratify sudden death risk specifically for all athletes
with HCM, the present recommendations for sports eligi-
bility remain conservative and homogeneous for those
athletes within the diverse HCM clinical spectrum.

Given the inability to precisely stratify risk on clinical
grounds in individual young patients with HCM, a broad
recommendation to exclude such individuals from compet-
itive sports will, by definition, deny participation to some
unnecessarily. However, given the frequency with which
HCM is associated with sudden death in young athletes (2),
and recent data showing that athletic activity per se is
associated with higher risk in those with underlying cardio-
vascular abnormalities (6), the present recommendations are
viewed as prudent. That is, the goal is to encompass all
preventable sudden deaths in young persons with HCM,
while acknowledging that other athletes who may not be
destined for sudden death will also be subjected to the same
recommendations.

Preclinical diagnosis. With the availability of preclinical
genetic diagnosis, a relatively small number of youthful
family members have been identified as affected by a
HCM-causing mutant gene solely on the basis of laboratory
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DNA analysis, and in the absence of typical morphologic
(phenotypic) features of the disease (3,4). As family genetic
screening for HCM becomes more widespread, clinicians
may be increasingly faced with the dilemma of making
recommendations regarding sports participation for subjects
who have only preclinical evidence of HCM (i.e., genotype
positive-phenotype negative). Nonetheless, it is likely that
most such individuals are destined to ultimately develop the
HCM phenotype with the attendant possibility of a poten-
tially unstable electrophysiologic milieu. Moreover, the
HCM phenotype (i.e., LV hypertrophy) may develop over
the course of several years (3,4) after initial evaluation, when
competitive sports participation could still be an ongoing
and important lifestyle issue.

Based on these considerations, prudent recommendations
for athletes with preclinical HCM would include, on a 12-
to 18-month basis, in addition to serial two-dimensional
echocardiography: 12-lead ECG and ambulatory Holter
electrocardiogram (ECG), and less frequently cardiac mag-
netic resonance (CMR) imaging and exercise stress testing
to a level similar to that expected in the sport under
consideration (for evaluation of exercise tolerance, blood
pressure, and ventricular tachyarrhythmias). If all of these
parameters continue to be normal, then based on the level of
present knowledge, restriction from competitive athletic
activities is not recommended. Such systematic follow-up of
this subgroup is strongly recommended, particularly if there
is a family history of HCM and sudden cardiac death.

Relevant to these considerations are the prior observa-
tions that abnormalities on 12-lead ECG and preload-
independent measures of diastolic dysfunction with tissue
Doppler ultrasonography may precede the appearance of
LV hypertrophy, providing clues to impeding development
of wall thickening (7-9). Athletes with abnormal 12-lead
ECG and absence of LV hypertrophy on two-dimensional
echocardiogram (particularly if relatives in HCM families)
should be afforded a high index of suspicion for HCM and
undergo CMR imaging to determine whether areas of
segmental hypertrophy undetected by echocardiography are
present in regions of the LV chamber such as anterolateral
free wall or apex (7). However, 12-lead ECG abnormalities
in family members without LV hypertrophy (particularly if
relatively minor or nonspecific) should not per se be re-
garded as evidence of HCM.

Recommendations:

1. Athletes with a probable or unequivocal clinical diag-
nosis of HCM should be excluded from most com-
petitive sports, with the possible exception of those of
low intensity (class IA). This recommendation is
independent of age, gender, and phenotypic appear-
ance, and does not differ for those athletes with or
without symptoms, LV outflow obstruction, or prior
treatment with drugs or major interventions with
surgery, alcohol septal ablation, pacemaker, or im-
plantable defibrillator.
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2. Although the clinical significance and natural history
of genotype positive-phenotype negative individuals
remains unresolved, no compelling data are available
at present with which to preclude these patients from
competitive sports, particularly in the absence of
cardiac symptoms or a family history of sudden death.

Given the effectiveness of implantable cardioverter-
defibrillators (ICDs) in preventing sudden death in HCM
(10), clinicians will increasingly be faced with decisions
regarding athletic participation for HCM patients with
ICDs. Although effective for sudden death prevention in
observational studies (10), the unique physiologic milieu
associated with competitive athletic activities, including
intravascular volume and electrolyte disturbances, neurohor-
monal activity, and the potential for myocardial ischemia
make the absolute reliability of ICDs in such settings
unpredictable. Furthermore, there is a possibility for device
malfunction and the risk for traumatic injury to the athlete-
patient (or other competitors) should the ICD discharge
either appropriately or inappropriately. Thus, the placement
of an ICD in an HCM patient does not change the
competitive sports recommendations for this disease (as
previously noted), namely, that restriction from participa-
tion in contact and most non-contact sports is advisable
(11); such individuals may engage only in low-intensity
competitive sports (class IA).

The presence of a free-standing automated external
defibrillator (AED) at sporting events should not be con-
sidered either absolute protection against sudden death, a
prospectively designed treatment strategy for known cardio-
vascular disease, nor a justification for participation in
competitive sports in athletes with previously diagnosed
HCM. Athletes with HCM using drugs such as anabolic
steroids or energy stimulant drinks may in fact increase their
risk of arrhythmias, although definitive data are lacking.

MITRAL VALVE PROLAPSE (MVP)

Mitral valve prolapse (i.e., myxomatous degeneration) is of
particular importance in the evaluation of athletes, given its
relatively high prevalence in the general population (esti-
mated, 2% to 3%) (12-14). The condition is defined by
echocardiography as systolic displacement of one or both
mitral leaflets into the left atrium beyond the plane of the
mitral anulus in the parasternal long-axis view (13). These
patients may be identified by auscultation with a mid-
systolic click and/or murmur of mitral regurgitation. Addi-
tionally, MVP is characterized by a mostly favorable prog-
nosis and low event rate (12-15). In general, the greatest
risks for unfavorable clinical sequelae—which include severe
progressive mitral regurgitation requiring valve surgery,
infective endocarditis, embolic events, atrial and ventricular
tachyarrhythmias, and sudden death appear to be associated
with substantial structural abnormality of the mitral valve
(ie., “classic” MVP) with diffuse leaflet thickening, elonga-
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tion, and redundancy, and in some cases ruptured chordae
tendineae (12-15).

Sudden cardiac death due to isolated MVP is rare among
young patients, particularly in relation to exercise and/or in
trained athletes (12-16). Such events are probably not more
frequent than in the general population and occur predom-
inantly in patients older than 50 years with severe mitral
regurgitation and/or systolic dysfunction (15).

Some individuals with MVP appear to be part of a
connective tissue phenotypic spectrum with tall, thin habi-
tus, thoracic cage deformity, and joint hypermobility (i.e.,
MASS phenotype), for which there is a risk, albeit low, for
progression to aortic dilatation or sudden death (17).

Recommendations:

1. Athletes with MVP—but without any of the following
features—can engage in all competitive sports:
a. prior syncope, judged probably to be arrhythmo-
genic in origin
b. sustained or repetitive and nonsustained supraven-
tricular tachycardia or frequent and/or complex
ventricular tachyarrhythmias on ambulatory Holter
monitoring
c. severe mitral regurgitation assessed with color-flow
imaging
d. LV systolic dysfunction (ejection fraction less than
50%)
e. prior embolic event
f. family history of MVP-related sudden death
2. Athletes with MVP and any of the aforementioned
disease features can participate in low-intensity com-
petitive sports only (class IA).

Recommendations related to hemodynamic burden sec-
ondary to moderate-severe mitral regurgitation (as assessed
by physical examination and two-dimensional echocardio-
gram and Doppler study) in athletes with MVP appear in
Task Force 3.

MYOCARDITIS

Myocarditis is an inflammatory disease of myocardium and
a cause of sudden death in young athletes (2,18-24). It is
usually of infectious etiology due to a variety of viral agents,
most commonly enterovirus (e.g., Coxsackie virus), adeno-
virus, or parvovirus in young people, but also by drugs and
toxic agents such as cocaine (22-25). Myocarditis evolves
through active, healing, and healed pathologic stages—
characterized progressively by inflammatory cell infiltrates
leading to interstitial edema and focal myocyte necrosis and
replacement fibrosis (20)—which potentially create an elec-
trically unstable substrate for development of ventricular
tachyarrhythmias (2,18,24). In some instances, viral myo-
carditis can culminate in dilated cardiomyopathy with LV
systolic dysfunction, presumably as a consequence of viral-
mediated immunologic damage to the myocardium or
cytoskeletal disruption (22-25).
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Myocarditis can be diagnosed by established histopatho-
logic, histochemical, or molecular criteria (20,23-25), but is
challenging to identify clinically. Suspicion may be raised by
chest pain, exertional dyspnea, fatigue, syncope, palpita-
tions, ventricular tachyarrhythmias and conduction abnor-
malities or by acute congestive heart failure associated with
LV dilatation and/or segmental systolic dysfunction, cardio-
genic shock, or ST-T changes on ECG (22,24).

When clinical judgment suggests the presence of myo-
carditis, an endomyocardial biopsy may clarify an otherwise
ambiguous clinical profile. Because of patchy distribution of
inflammatory cells, biopsies are often insensitive and fre-
quently yield false-negative histologic results (20,22,24).
However, the diagnostic yield of histology can be enhanced
by molecular analysis with PCR amplification of the viral
genome (23,25).

Recommendations:

1. Athletes with probable or definite evidence of myo-
carditis should be withdrawn from all competitive
sports and undergo a prudent convalescent period of
about six months following the onset of clinical
manifestations.

2. Athletes may return to training and competition after
this period of time if:

a. LV function, wall motion, and cardiac dimensions
return to normal (based on echocardiographic and/or
radionuclide studies at rest and with exercise)

b. clinically relevant arrhythmias such as frequent
and/or complex repetitive forms of ventricular or
supraventricular ectopic activity are absent on am-
bulatory Holter monitoring and graded exercise
testing

c. serum markers of inflammation and heart failure
have normalized

d. the 12-lead ECG has normalized. Persistence of
relatively minor ECG alterations such as some
ST-T changes are not, per se, the basis for restric-
tion from competition.

MARFAN SYNDROME

Marfan syndrome (and related disorders), caused by more
than 400 individual mutations in the gene encoding
fibrillin-1 (FBN1), is an autosomal dominant disorder of
connective tissue with estimated prevalence of 1:5,000 to
1,10,000 in the general population (26-29). It is character-
ized clinically by a diverse constellation of abnormalities
variable in severity and involving primarily the ocular,
skeletal, and cardiovascular organ systems (28-30). Diag-
nosis is made according to the Gent nosology if major
criteria are present in two organ systems and a third is
involved, or when there is a family history of Marfan
syndrome (28,29). Skeletal abnormalities include arm span-
to-height ratio greater than 1.05, tall stature, arachnodac-
tyly, dolichostenomelia (long, thin limbs), hyperextensibility
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and ligamentous laxity, scoliosis, and chest wall deformity
(pectus excavatum or carinatum), in addition to ectopia
lentis (lens dislocation).

Cardiovascular manifestations that impact on natural
history are: 1) progressive dilatation of the aortic root or
descending aorta, which predisposes to dissection and rup-
ture (30-33); and 2) MVP with associated mitral regurgi-
tation or LV systolic dysfunction, which may occasionally
predispose to ventricular tachyarrhythmias and sudden
death (33). The risk for aortic rupture is usually linked to
marked enlargement of the aorta (transverse dimension
greater than 50 mm), although dissection can occur with a
normal (or near-normal) aortic root dimension (30-36) (A.
DePaepe, personal communication, April 12, 2004).
Weightlifting has been specifically associated with aortic
dissection in athletes with cystic medial necrosis (with or
without systemic hypertension or use of anabolic steroids)
(35,36). The incidence of aortic dissection appears to have
decreased with earlier prophylactic surgical aortic root
reconstruction and beta-blocker therapy (30,32,34).

Ascending aortic root dilatation (and dissection) has also
been associated with congenital bicuspid aortic valve dis-
proportionate to that attributable to abnormal valvular
function (37-41), as well as familial aortic aneurysm and
dissection, independent of Marfan syndrome (41-43).

Recommendations:

1. Athletes with Marfan syndrome can participate in low
and moderate static/low dynamic competitive sports
(classes IA and ITA) if they do not have one or more of
the following:

a. aortic root dilatation (i.e., transverse dimension 40
mm or greater in adults, or more than 2 standard
deviations from the mean for body surface area in
children and adolescents; z-score of 2 or more)

b. moderate-to-severe mitral regurgitation

c. family history of dissection or sudden death in a
Marfan relative

It is recommended, however, that these athletes have

an echocardiographic measurement of aortic root di-

mension repeated every six months, for close surveil-

lance of aortic enlargement.

2. Athletes with unequivocal aortic root dilatation
(transverse dimension 40 mm or greater in adults or
greater than 2 standard deviations beyond the mean
for body surface area in children and adolescents;
z-score of 2 or more) (41,43), prior surgical aortic root
reconstruction, chronic dissection of aorta or other
artery, moderate-to-severe mitral regurgitation, or
family history of dissection or sudden death can
participate only in low-intensity competitive sports
(class TA).

3. Athletes with Marfan syndrome, familial aortic aneu-
rysm or dissection, or congenital bicuspid aortic valve
with any degree of ascending aortic enlargement (as
defined in 1 and 2 above) also should not participate
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in sports that involve the potential for bodily colli-
sion.

4. Recommendations related to aortic regurgitation are
the same as those in Task Force 3.

These recommendations are offered independent of
whether beta-blockers are administered to mitigate aortic
root enlargement.

EHLERS-DANLOS SYNDROME

The vascular form of Ehlers-Danlos syndrome carries a
substantial risk of rupture of the aorta and its major
branches (28). This is a rare autosomal dominant disorder,
caused by a defect in type III collagen, encoded by the
COL3A1 gene. Patients have variable joint hypermobility,
susceptibility to bruising, difficult wound healing, and often
prematurely aged appearance.

Recommendation:

1. Individuals with the vascular form of Ehlers-Danlos
syndrome should not engage in any competitive
athletic activity.

ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY (ARVC)

Cited as a major cause of sudden death in young people and
athletes (44—46), particularly in the northeastern (Veneto)
region of Italy (45) but seemingly less common in the U.S
(2,18), ARVC is characterized by a broad phenotypic
spectrum and characteristically by loss of myocytes in the
right ventricular myocardium with fatty or fibro-fatty re-
placement resulting in segmental or diffuse wall thinning. It
is frequently associated with myocarditis (44,45,47). Clini-
cal diagnosis is challenging, but relies largely on familial
occurrence, ventricular tachyarrhythmias (particularly ven-
tricular tachycardia of right ventricular origin elicited by
exercise), T-wave inversion in precordial leads V; through
V5 and epsilon waves on ECG, or right ventricular dilata-
tion and/or segmental wall motion abnormalities, aneurysm
formation, and fatty deposition in the right ventricular wall
identified with echocardiography, multi-slice computed to-
mography, or cardiac magnetic resonance imaging.

Recommendation:

1. Athletes with probable or definite diagnosis of
ARVC should be excluded from most competitive
sports, with the possible exception of those of low
intensity (class IA).

OTHER MYOCARDIAL DISEASES

A number of other uncommon diseases of the myocardium
deserve consideration as potential causes of sudden death in
athletes. These include dilated cardiomyopathy (due to a
variety of etiologies including genetic); primary non-
hypertrophied restrictive cardiomyopathy, systemic infiltra-



1344

| rich3/zja-jacc/zja-jacc/zja00805/zja0864-05m | thistled | S=62 | 3/18/05 | 10:00 | Art: 10873 | | DTD5.0

Maron et al.
Task Force 4: HCM, Other Cardiomyopathies, and Marfan

tive diseases with secondary cardiac involvement such as
sarcoidosis, and also isolated non-compaction of LV myo-
cardium with or without systolic dysfunction (48,49). Few
data are presently available regarding the relative risks of
athletic training and competition in athletes with the
aforementioned myocardial diseases.

Recommendation:

1.

Until more information is available in this regard, it
is most prudent to exclude athletes with these dis-
eases from most competitive sports, with the possible
exception of those of low intensity (class IA) in
selected cases.

PERICARDITIS

Recommendation:

1.

Athletes with pericarditis, regardless of etiology,
should not participate in competitive sports during
the acute phase. Such athletes can return to full
activity when there is no longer evidence of active
disease, including effusion by echocardiography, and
when serum markers of inflammation have normal-
ized. For pericarditis associated with evidence of
myocardial involvement, eligibility recommendations
should also be based on the course of myocarditis.
Chronic pericardial disease that results in constric-
tion disqualifies one from all competitive sports.

doi:10.1016/j.jacc.2005.02.011
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GENERAL CONSIDERATIONS

Systemic hypertension is the most common cardiovascular
condition observed in competitive athletes. The diagnosis of
hypertension is based on the presence of blood pressure
(BP) persistently at or above certain levels as measured by
routine sphygmomanometry on at least two separate occa-
sions. A level above 140/90 mm Hg is considered to be
hypertensive in people over age 18 years (1). In children and
adolescents, hypertension is defined as average systolic or
diastolic levels greater than or equal to the 95th percentile
for gender, age, and height (2). In determining the level of
competitive athletic activity that a hypertensive person may
assume, it is also important to ascertain the degree of
hypertension-related target organ damage. Although hyper-
tension may be associated with an increased risk for complex
ventricular arrhythmias and sudden death, this disease by
itself has not been incriminated as a cause of sudden cardiac
death in young competitive athletes (3). For the general
population, increased levels of noncompetitive physical ac-
tivity are regarded not only as beneficial by reducing BP (4)
and the incidence of hypertension (5), but also protect-
ing against stroke (6). In view of the striking increase in
obesity-induced hypertension among children and adoles-
cents related in part to physical inactivity, all people should
be encouraged to engage in regular exercise. Those who are
hypertensive derive protection from all-cause and cardiovas-
cular mortality by maintaining higher levels of cardiorespi-
ratory fitness (7).

Assessment of blood pressure. Blood pressure should be
accurately measured in all individuals who wish to partici-
pate in competitive athletics before they begin training.
Blood pressure should be measured by routine sphygmoma-
nometry, using the guidelines listed in Table 1 (8). There
are often “white-coat” elevations induced by anxiety related
to the examination, particularly in young people concerned
about the potential consequences of the examination.
Therefore, additional BP recordings outside the office
should be obtained in those with elevated office readings,
either with readily available and inexpensive home self-
recorders or with less accessible and more expensive auto-
matic ambulatory monitors.

Evaluation. Those individuals with any degree of persis-
tent hypertension should have a thorough history and
physical examination and limited laboratory testing to
evaluate secondary causes and to ascertain target organ
damage (1). If agents that may raise BP such as non-
steroidal anti-inflammatory drugs (NSAIDs) are being
taken, additional measurements should be obtained after
they have been discontinued. Laboratory testing for most

subjects with stage 1 hypertension (140 to 159 mm Hg/
90 to 99 mm Hg) should include an automated blood chem-
istry (glucose, creatinine, or the corresponding estimated glo-
merular filtration rate, electrolytes, lipid profile), hematocrit,
urine analysis, and an electrocardiogram. If hypertension is
stage 2 (greater than or equal to 160/100 mm Hg), if results of
the initial laboratory tests are abnormal, or if features suggestive
of identifiable (secondary) causes are noted by history or
physical examination, the patient should be referred for addi-
tional study (including echocardiography) and therapy.
Effects of exercise on BP. As noted during stress testing,
systolic BP rises during aerobic (dynamic) exercise. Both
systolic and diastolic pressures rise even more acutely and to
higher levels during resistance (static or isometric) exercise.
Because strenuous aerobic or resistance exertion may pre-
cipitate myocardial infarction and sudden death in suscep-
tible, untrained individuals (9), those individuals who wish
to engage in competitive athletics should increase exercise
levels gradually to avoid such cardiac catastrophes.

However, repetitive performance of both aerobic and resis-
tance exercise lowers systolic and diastolic BP (4,10). After
each 30-min period of aerobic exercise at 50% of maximal
oxygen uptake, the blood pressure remains lower for up to 24 h,
with an even greater reduction after 30 min of aerobic exercise
at 75% of maximal oxygen uptake (11). As a consequence, the
risks of developing elevated BP (5) and of incurring a cardio-
vascular consequence of hypertension (6,7) are less in those
who maintain higher levels of physical activity. Some condi-
tioned athletes (particularly young men), with a slow heart rate
and compensatory increase in stroke volume, have high systolic
BP that is considered “spurious” hypertension (12) but should
nevertheless be carefully monitored.

In normotensive untrained subjects, an excessive rise in
systolic BP to above 200 mm Hg during an exercise stress
test is predictive of a greater likelihood of the development
of persistent hypertension in the future and may be associ-
ated with subtle systolic dysfunction (13) and an increased
risk of subsequent cardiovascular disease (14). Therefore,
such subjects should be advised to increase levels of physical
activity gradually to moderate such excessive rises in pres-
sure. Such rises should not restrict activity in those who are
well conditioned. Because intensive resistive training may
reduce arterial compliance with potential adverse conse-
quences (15), such training should be limited in those
athletes with hypertension.

Effects of blood pressure on exercise. Untreated hyper-
tension in athletes may be accompanied by some limitation
in exercise performance (16). Before initiating drug therapy,

athletes should be strongly encouraged to adopt healthy
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Table 1. Guidelines for Blood Pressure Measurement

Posture
Blood pressure obtained in the seated position is recommended. The
subject should sit quietly for 5 min, with the back supported in a
chair, with feet on the floor, and the arm supported at the level
of the heart, before recording blood pressure.
Circumstances
No caffeine during the hour preceding the reading.
No smoking during the 30 min preceding the reading.
A quiet, warm setting.
Equipment
Cuff size

The bladder should encircle and cover at least 80% of the length of
the arm; if it does not, use a larger cuff. If bladder is too short,
misleadingly high readings may result.

Manometer

Use a mercury, recently calibrated aneroid, or validated electronic

device.
Technique
Number of readings

On each occasion, take at least two readings, separated by as much
time as is practical. If readings vary by greater than 5 mm Hg,
take additional readings until two consecutive readings are close.
If the arm pressure is elevated, take the measurement in one leg
(particularly in patients less than 30 years old).

Initially, take pressures in both arms; if the pressures differ, use the
arm with the higher pressure.

If the initial values are elevated, obtain two other sets of readings at
least 1 week apart.

Performance

Inflate the bladder quickly to a pressure 20 mm Hg above the
systolic pressure, as recognized by the disappearance of the radial
pulse.

Deflate the bladder 2 mm Hg per second.

Record the Korotkoff phase I (appearance) and phase V
(disappearance).

If the Korotkoft sounds are weak, have the patient raise the arm,
open and close the hand 5 to 10 times and then reinflate the
bladder quickly.

Recordings
Blood pressure, patient position, and arm and cuff size.

From Pickering TG, et al. Hypertension 2005;45:142-61, reprinted with permission
of the American Heart Association.

lifestyle behavior and avoid tobacco in any form, excess
alcohol, drugs of abuse (especially sympathomimetics such
as cocaine or ephedra), androgens, steroids, growth hor-
mone, NSAIDs, and excessive sodium intake. It should be
emphasized that the use of antihypertensive drugs may
further limit exercise capacity, more so with beta-adrenergic
receptor blocking agents than with vasodilators (alpha-
adrenergic blocking agents, angiotensin-converting enzyme
inhibitors, angiotensin II-receptor blockers, or calcium
channel blockers). Indeed, high-intensity competitive ath-
letes may find it very difficult to perform satisfactorily while
using beta-blockers (17).

Recommendations:

1. Before individuals commence training for competi-
tive athletics, they should undergo careful assessment
of BP and those with initially high levels (above
140/90 mm Hg) should have out-of-office measure-
ments to exclude isolated office “white-coat” hyper-
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tension. Those with pre-hypertension (120/80 mm
Hg up to 139/89 mm Hg) should be encouraged to
modify lifestyle but should not be restricted from
physical activity. Those with sustained hypertension
should have echocardiography. Left ventricular hy-
pertrophy (LVH) beyond that seen with “athletes’
heart” should limit participation until BP is normal-
ized by appropriate drug therapy.

2. The presence of stage 1 hypertension in the absence of
target organ damage including LVH or concomitant
heart disease should not limit the eligibility for any
competitive sport. Once having begun a training pro-
gram, the hypertensive athlete should have BP remea-
sured every two to four months (or more frequently, if
indicated) to monitor the impact of exercise.

3. Athletes with more severe hypertension (stage 2),
even without evidence of target organ damage such as
LVH, should be restricted, particularly from high
static sports (classes IIIA to ITIIC), until their hyper-
tension is controlled by either lifestyle modification
or drug therapy.

4. All drugs being taken must be registered with appro-
priate governing bodies to obtain a therapeutic ex-
emption.

5. When hypertension coexists with another cardiovas-
cular disease, eligibility for participation in compet-
itive athletics is usually based on the type and severity
of the associated condition.

doi:10.1016/j.jacc.2005.02.012
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ATHEROSCLEROTIC CORONARY ARTERY DISEASE

General considerations. Compelling evidence indicates
that physical activity reduces cardiovascular events in
healthy subjects and cardiac mortality in patients with
diagnosed coronary artery disease (CAD) (1). Despite these
beneficial exercise effects, vigorous physical activity also
transiently increases the risk of both acute myocardial
infarction (AMI) (2—-4) and sudden cardiac death (SCD)
(5-7) with the greatest exercise risk among the most
habitually sedentary individuals (2,4,7).

Atherosclerotic CAD is the most frequent cause of these
exercise-related cardiac events in adults (8), variously defined as

older than 30, 35, or 40 years of age. Both plaque rupture
(9,10) and possibly plaque erosion (11) have been implicated as
the immediate cause of exercise-related events in adults, al-
though plaque rupture is more frequent. Several studies over
the last decade document that cardiac events frequently occur
in coronary arteries that were not previously critically narrowed.
This appears to be particularly true for exercise-related cardiac
events because angiographic studies of exercise-related AMI in
the general population (4) and in sport participants (10)
demonstrate less extensive CAD than in comparison subjects.
This observation may reflect either selection bias for less severe
atherosclerosis in those capable of exercising at high intensity
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or the ability of exercise to provoke events in individuals with
less severe disease.

Prognosis for diagnosed CAD patients worsens with the
extent of disease, left ventricular (LV) systolic dysfunction,
inducible ischemia, and electrical instability. Both the recog-
nition that acute cardiac events often occur at the site of
previously mild coronary stenoses in the general population
and the observation that victims of exercise-related CAD
events have less extensive disease than do individuals suffering
non-exercise related events reduce the utility of standard CAD
risk assessment in evaluating older competitive athletes. Ado-
lescent and young adult athletes also may have variants in their
resting electrocardiograms (ECGs) that make the interpreta-
tion of their resting and exercise ECGs difficult. In addition,
early CAD is increasingly identified by such imaging tech-
niques as coronary artery calcification scoring, further compli-
cating risk assessment because the presence of any coronary
artery calcification indicates atherosclerotic disease. Finally,
since CAD primarily occurs in adult athletes, the age of the
athlete at risk for CAD events complicates the decision
process. Older athletes are often engaged in individual com-
petitive pursuits and may not require formal clearance for
continued competition. Preparticipation screening guidelines
specifically for participants in master’s sports have been devel-
oped in association with the American Heart Association
(AHA) (12).

Diagnosis. The diagnosis of atherosclerotic CAD is estab-
lished in the presence of any of the following: 1) a history of
a myocardial infarction (MI) confirmed by conventional
diagnostic criteria; 2) a history suggestive of angina pectoris
with objective evidence of inducible ischemia; and 3) coro-
nary atherosclerosis of any degree is demonstrated by
coronary imaging studies such as catheter-based coronary
angiography, magnetic resonance angiography, or electron

beam computerized tomography (EBCT).

CORONARY CALCIFICATION BY COMPUTED TOMOGRAPHY
(CT). Since the last version of these guidelines, the wide-
spread dissemination of noninvasive techniques such as
EBCT, or even more recently, multi-slice gated CT, has
markedly increased the number of individuals, including
competitive athletes, who may be diagnosed with athero-
sclerotic CAD. Although exceedingly rare in young persons
(6% of men and 3% of women 20 to 29 years of age), the
presence of coronary calcium increases substantially with
age, such that for master’s athletes, age 40 to 49 years,
approximately 41% of men and 13% of women may have
measurable coronary calcium (13). Among individuals age
50 to 59 years, 68% of men and 27% of women have
documented coronary calcium (13). There is compelling
evidence that the presence of any coronary calcium indicates
underlying atherosclerosis (14) and that increasing coronary
calcium scores are associated with increased CAD risk (15).
The coronary calcium score that warrants additional evalu-
ation in asymptomatic competitive athletes is unknown,
although scores of more than 100 (15) have been associated
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with increased risk for coronary events (16) in the general
population compared to patients with no coronary calcium.
It is unknown whether the risk of coronary events during
intense exercise is increased in the presence of this or lesser
amounts of coronary calcium. Nevertheless, for the purpose
of the present document, athletes with coronary artery
calcification scores more than 100 should undergo the same
evaluation as those with more clinically evident CAD.

RISK ASSESSMENT. A paucity of data exists in competitive
athletes directly relating the presence and severity of CAD
to the risk of athletic participation. This requires that these
recommendations for athletes with CAD be based in part
on observations obtained from non-athletes with CAD.
Nevertheless, it is likely that risk is increased to some degree
whenever coronary atherosclerosis is present. It is also likely
that the risk of exercise-related events increases with the
extent of disease, LV dysfunction, inducible ischemia, and
electrical instability, and that the risk increases with the
intensity of the competitive sport and the intensity of the
participant’s effort.

Evaluation.

1. Athletes with CAD diagnosed by any method including
coronary artery classification scoring more than 100,
coronary angiography, evidence of inducible ischemia,
or prior coronary event, and who are undergoing eval-
uation for competitive athletics, should have their LV
function assessed.

2. These athletes should undergo maximal treadmill (or
bicycle) exercise testing to assess their exercise capacity
and the presence or absence of provocable myocardial
ischemia. Exercise testing should approximate as closely
as possible the cardiovascular and metabolic demands of
the planned competitive event and its training regimen.
Despite such simulation, graded exercise testing cannot
replicate the cardiovascular stress produced by the sud-
den bursts of activity, the combination of high dynamic
and static exercise, such as rowing, or the sustained
bouts of exercise required by athletic training and
competition. Therefore, standard clinical exercise tests
may not be appropriate for the evaluation of athletes
with coronary heart disease.

RISK STRATIFICATION. Two levels of risk can be defined on
the basis of testing.

Mildly increased risk. Athletes with CAD diagnosed by
any method are judged to be at mildly increased risk if they
demonstrate all of the following:

1. Preserved LV systolic function at rest (i.e., ejection
fraction greater than 50%).

2. Normal exercise tolerance for age, demonstrated during
treadmill or cycle ergometer exercise testing: greater
than 10 metabolic equivalents (METS), or greater than
35 O,/kg-min if less than 50 years old; greater than 9
METS, or greater than 31 ml O,/kg-min for 50 to 59
years old; greater than 8 METS, or greater than 28 ml
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O,/kg-min, if 60 to 69 years old; and greater than 7
METS, or greater than 24 ml O,/kg-min, if greater
than or equal to 70 years old. It should be noted that
young, highly competitive endurance athletes should
have maximal oxygen uptakes far in excess of ranges
regarded as normal, which in fact may represent sub-
stantial functional impairment in this population.

3. Absence of exercise-induced ischemia and exercise-
induced or post-exercise complex ventricular arrhyth-
mias, including frequent premature ventricular contrac-
tions (greater than 10% of beats/min), couplets, or
ventricular tachycardia.

4. Absence of hemodynamically significant stenosis (generally
regarded as 50% or more luminal diameter narrowing) in
any major coronary artery by coronary angiography.

5. Successful myocardial revascularization by surgical or
percutaneous techniques if such revascularization was
performed.

Substantially increased risk. Athletes with CAD identified by
noninvasive or invasive testing are judged to be at substan-
tially increased risk if they demonstrate any of the following:

1. Impaired LV systolic function at rest (i.e., ejection
fraction less than 50%).

2. Evidence of exercise-induced myocardial ischemia or
complex ventricular arrhythmias.

3. Hemodynamically significant stenosis of a major coro-
nary artery (generally regarded as 50% or more lumen
diameter narrowing) if coronary angiography was
performed.

The American College of Cardiology/AHA guidelines
on exercise testing note that it is not necessary to stop
beta-blockers before routine exercise testing, although this
practice may reduce the diagnostic and prognostic value of
the test (17). The decision whether or not to stop beta-
blocker therapy before exercise testing of athletes should be
made on an individual basis. Stopping beta-blockers and
other anti-ischemic mediations before testing may be useful
to more closely approximate the probable risk if the athlete
either intentionally or unintentionally does not take these
medications before competition, or when certain athletic
regulatory bodies prohibit beta-blockers. If anti-ischemic
medications are stopped, this should be done carefully to
avoid a potential hemodynamic rebound effect, which could
lead to accelerated angina or hypertension.

Coronary arteriography is not required to determine
eligibility for competition in patients with known CAD,
and no evidence of inducible ischemia, but is recommended
in athletes with exercise-induced ischemia who choose to
participate in sports against medical advice. Such studies
may identify coronary lesions that may be better managed by
percutaneous or surgical myocardial revascularization pro-
cedures to relieve exercise-induced ischemia and potentially
to reduce exercise-related risk.

The panel wishes to emphasize that the following rec-
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ommendations are prepared as a guidelines for permitting
participation in competitive sports. Restrictions in the follow-
ing recommendations, therefore, should not be misinter-
preted as an injunction against regular physical activity as
opposed to athletic competition. Indeed, regular and recre-
ational physical activity and moderate-intensity exercise
training are recommended for patients with CAD for its
general cardiovascular benefits (1).

Recommendations:

1. Athletes in the mildly increased risk group can
participate in low dynamic and low/moderate static
competitive sports (classes IA and ITA—see Fig. 1 in
Task Force 8: Classification of Sports) but should
avoid intensely competitive situations. We recognize
that selected athletes with mildly increased risk may
be permitted to compete in sports of higher levels of
intensity when their overall clinical profile suggests
very low exercise risk. This is particularly true for
athletes in whom the only indication that coronary
atherosclerosis is present is from an EBCT per-
formed for screening purposes, and in which the total
coronary calcium score is relatively low (i.e., less than
15). Increasing amounts of coronary calcium, sugges-
tive of increasing burden disease, should dictate a
more cautious approach, particularly if the coronary
calcium score is more than 100. All athletes should
understand that the risk of a cardiac event with
exertion is probably increased once coronary athero-
sclerosis of any severity is present. Athletes with
mildly increased risk engaging in competitive sports
should undergo re-evaluation of their risk stratifica-
tion at least annually.

2. Athletes in the substantially increased risk category
should generally be restricted to low-intensity com-
petitive sports (class IA).

3. Athletes should be informed of the nature of prodro-
mal symptoms (such as chest, arm, jaw and shoulder
discomfort, unusual dyspnea) and should be in-
structed to cease their sports activity promptly and to
contact their physician if symptoms appear. Physi-
cians should be aware that competitive athletes may
minimize symptoms that occur during exertion.

4. Those with a recent MI or myocardial revasculariza-
tion should cease their athletic training and compe-
tition until recovery is deemed complete. This inter-
val varies among patient groups, but depends on the
severity of the cardiovascular event and the extent
and success of the revascularization procedure. Such
patients may benefit from cardiac rehabilitation dur-
ing the recovery period. No firm guidelines exist for
how long patients should avoid vigorous exercise
training, but in general, patients post-stent place-
ment for stable CAD symptoms should avoid vigor-
ous exercise training for competition for approxi-
mately four weeks. Patients undergoing stent
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placement for unstable disease should wait at least
this long. Following coronary bypass surgery, pa-
tients should avoid vigorous training until their
incisions can tolerate vigorous activity. After recu-
peration period, the risk and activity level should be
defined as in recommendations 1 and 2.

5. All athletes with atherosclerotic CAD should have
their atherosclerotic risk factors aggressively treated
as studies suggest that comprehensive risk reduction
is likely to stabilize coronary lesions and may reduce
the risk of exercise-related events.

It must be emphasized that even athletes identified as
being at mildly increased risk and permitted to participate in
low dynamic and low/moderate static competitive sports
(classes IA and IIA) cannot be assured that such participa-
tion will not increase the risk of cardiac events because it is
probable that any exercise transiently poses some increased
exercise risk once CAD is established.

CORONARY ARTERY VASOSPASM

Coronary artery vasospasm classically presents as rest angina
associated with ST-segment elevation, but can be provoked
by physical exertion on rare occasions (18). Vasospasm is an
uncommon cause of chest pain that is evident in 2% to 3%
of patients presenting with chest pain undergoing coronary
angiography (19). Vasospasm is most frequently observed at
coronary sites damaged by atherosclerosis (20), but a sub-
stantial cohort may have angiographically normal coronary
arteries or minimal angiographic luminal narrowing (18,19).
A vasospastic contribution to ischemia should be suspected
when there is marked variation in the exercise threshold for
angina (18), and when there is evidence of myocardial
ischemia with little or no coronary luminal narrowing.
Presently, no widely accepted noninvasive test exists for
eliciting and quantifying vasospastic angina in the setting of
nonobstructive or mildly obstructive coronary arteries. The
occurrence of ST-segment elevation during exercise testing
appears to correlate with the degree of disease activity (i.e.,
those with more frequent episodes of angina will more likely
have a positive test) (21). Provocative testing with
ergonovine-related substances during coronary arteriogra-
phy is rarely used (22), but remains the only test recom-
mended in current practice guidelines (23). However, forced
hyperventilation testing, particularly when combined with
nuclear perfusion imaging, may be a useful noninvasive test
not requiring the administration of ergonovine (24). The
risk associated with participation in sports for athletes with
coronary artery spasm is not known, but we recommend a
cautious approach to patients with documented coronary
vasospasm until the risk of physical exertion for these
patients is better defined.

Recommendations:

1. Athletes with CAD as previously defined and clinically
important coronary artery vasospasm should follow the
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evaluation and risk stratification approach delineated
for athletes with coronary atherosclerosis.

2. Athletes with coronary vasospasm documented at rest
or with exercise and angiographically normal coronary
arteries or without evidence of arterial plaquing should
be restricted to low-intensity competitive sports (class
IA). This restriction should be re-evaluated at least
annually because some patients with coronary vaso-
spasm may experience spontaneous remission.

CAD IN CARDIAC TRANSPLANT RECIPIENTS

Orthotopic transplanted hearts develop an accelerated form
of coronary vasculopathy, usually detected by serial coronary
angiography or intravascular ultrasound studies, that is a
leading cause of death after the first post-transplant year
(25,26). The coronary disease is different from that seen in
non-transplanted hearts with coronary atherosclerosis; the
disease is diffuse and characterized by pronounced intimal
thickening and involvement of the entire coronary tree.
Discrete stenoses of epicardial arteries can coexist in some
instances. Cardiac allografts are denervated, and although
some recipients may develop a degree of sympathetic rein-
nervation, acute coronary syndromes may present with
atypical symptoms as opposed to angina (27). Noninvasive
testing for CAD is less sensitive in the transplant recipient;
many patients do not achieve VO,, ., and cardiac denerva-
tion can limit peak heart rate response and symptoms.
Provocative myocardial perfusion imaging can fail to detect
ischemia (25,27) although dobutamine echocardiography
has been shown to predict subsequent ischemic cardiac
events (26,28-31) after the first three to five years post-
transplant. In many cardiac transplant centers, a normal
stress echocardiogram justifies postponement of annual
coronary angiography (26,28-31). Coronary angiography
can also underestimate disease severity because of the diffuse
nature of the CAD process; intravascular ultrasound studies
increase the sensitivity (26).

Evaluation.

1. Cardiac transplant recipients participating in competi-
tive athletics should undergo yearly maximal exercise
testing with echocardiography using a protocol designed
to simulate the cardiac and metabolic demands of the
competitive event and its training.

2. Additional evaluation, including such procedures as
coronary angiography and intravascular ultrasonography
(IVUS) should be performed as directed by the trans-
plant center and the transplant cardiologist. Coronary
angiography/IVUS should also be performed if the
annual exercise test is abnormal and to evaluate unex-
plained symptoms such as dyspnea or exertional fatigue
as these may be the only symptoms of progressive
vascular disease.
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Recommendations:

1. Because of the special issues involved with transplant
patient management, decisions as to the feasibility of
athletic competition for cardiac transplant recipients
should be made in conjunction with the patient’s
transplant cardiologist.

2. Athletes with no coronary luminal narrowing, no
exercise-induced ischemia, and with normal exercise
tolerance for age (as previously defined ) can gener-
ally participate in all competitive sports as appropri-
ate for their exercise capacity.

3. Athletes with coronary luminal narrowing should be
risk stratified as outlined in the section entitled
Evaluation with activity recommendations as indi-
cated in the section entitled Atherosclerotic Coro-
nary Artery Disease.

MYOCARDIAL BRIDGING

Myocardial bridging is a condition in which a segment of
major epicardial coronary artery (most commonly the left
anterior descending) is tunneled within and completely
surrounded by LV myocardium. Myocardial bridging is
found in approximately 30% of hearts examined at necropsy
(32), but is visualized during angiography in less than 5% of
patients probably because the thin bridges identified at
necropsy cause little anatomic compression during systole
(32). Consequently, most tunneled epicardial coronary ar-
teries appear to be of little clinical significance, but this
malformation has occasionally been associated with
exercise-related sudden death (33,34) and exercise-induced
angina pectoris (35). Clinically significant myocardial
bridges have a long deeply-tunneled segment and are
associated with regional ischemia. Treatment options in-
clude medical management with beta-adrenergic or calcium
channel-blocking agents, coronary stenting, and surgical
resection of the myocardial bridge.

However, coronary stenting has been associated with
restenosis and periprocedural complications in 50% of cases
(32). Surgical resection in selected symptomatic patients has
been shown to reduce angina (35) and improve myocardial
blood flow (36). Task Force 4: HCM and Other Cardio-
myopathies, Mitral Valve Prolapse, Myocarditis, and
Marfan Syndrome provides recommendations for the man-
agement of myocardial bridging in patients with hypertro-
phic cardiomyopathy (HCM).

Recommendations:

1. Athletes with myocardial bridging of an epicardial
coronary artery and no evidence of myocardial isch-
emia at rest or during exercise can participate in all
competitive sports as appropriate for their exercise
capacity.

2. Athletes with myocardial bridging of an epicardial
coronary artery and objective evidence of myocardial
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ischemia or prior MI should be restricted to low-
intensity competitive sports (class IA).

3. Athletes with surgical resection of the myocardial
bridge or stenting should be restricted to low-
intensity sports for at least six months after the
procedure. Athletes who remain asymptomatic after
the procedure should undergo exercise testing. If
exercise tolerance is normal for age and gender, and
there is no evidence of exercise-induced ischemia, the
athlete may participate in all competitive sports.

Finally, recommendations for other congenital coronary
artery anomalies, including those originating from the
wrong coronary sinus, are provided in Task Force 1:
Preparticipation Screening and Diagnosis of Cardiovascular
Disease in Athletes.

doi:10.1016/j.jacc.2005.02.013
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GENERAL CONSIDERATIONS

Guidelines for athletic participation are needed to reduce
the risk for arrhythmia-related morbidity or mortality.
However, it is often difficult to establish the importance of
a cardiac rhythm disturbance in assessing an athlete’s
eligibility for competition. Few data exist that have been
obtained prospectively from well-designed, scientifically
acceptable studies to determine whether a particular rhythm
disturbance predisposes an athlete to sudden death or to
symptoms, such as syncope or presyncope, that could
precipitate severe injury. Sudden unexpected cardiac death
in the young is rare, estimated at less than 1% of that
observed in adults. Nonetheless, a significant proportion of
these deaths occur in relation to exercise (1). The deaths of
several prominent athletes have focused attention on ath-
letes with known arrhythmias.

Arrhythmias commonly are evanescent, often disappear-
ing unpredictably for long periods of time, in some cases
years. If they recur when the athlete is not exercising, the
arrhythmia may not be noted or may not produce significant
symptoms. The same arrhythmia may minimally affect a
competitive golfer but severely incapacitate other athletes,
such as cross-country skiers, performing at peak physical
effort. The athlete may not develop the arrhythmia during
each sporting event. Although the reasons for this are not
known, factors related to the autonomic nervous system
probably play a very important role in determining whether
an arrhythmia occurs and its rate and effect on hemody-
namic responses and symptoms. Autonomic “tone” probably
varies greatly and perhaps unpredictably between and within
athletic events and from one athlete to another. Mental
stress during competition can produce important electro-
physiologic and hemodynamic changes that are probably
mediated through the autonomic nervous system.

It is important to understand the range of normal heart
rate and rhythm for the trained athlete. Heart rates of 25
beats/min and sinus pauses lasting greater than 2 s may be
found on 24-h Holter ambulatory electrocardiographic
(ECG) recordings. Type I second-degree atrioventricular
(AV) block and single uniform premature ventricular com-
plexes each may occur in approximately 40% of athletes.
Complex ventricular arrhythmias (multiform premature
ventricular complexes, couplets, nonsustained ventricular
tachycardia) are less common (2,3).

Many of our conclusions result from data obtained in
non-athletes, from general perceptions, or experience and
from a heavy input of “what seems reasonable.” Decision-

making based on this type of logic is often faulty but is the
best available. Recommendations and guidance need to be
balanced between an effort to avoid restricting activity
unduly and the hope of reducing the risk of death and injury
due to a rhythm disturbance.

Despite the lack of complete information, some firm
conclusions can be reached. Certain arrhythmias, such as
ventricular tachyarrhythmias, create symptoms and are dan-
gerous in and of themselves regardless of the clinical
situation in which they occur (4). These arrhythmias gen-
erally are characterized by very rapid or very slow heart rates
that significantly compromise cardiac output, coronary or
cerebral blood flow, or maintenance of blood pressure. Such
arrhythmias may include atrial flutter or atrial fibrillation
with uncontrolled ventricular rates of 200 to 300 beats/min,
usually (but not exclusively) in athletes with Wolft-
Parkinson-White (WPW) syndrome, rapid sustained ven-
tricular tachycardias, and AV block, or sinus node disease
with very slow ventricular rates. Certain persistent arrhyth-
mias, such as chronic tachycardias, can worsen cardiac
function by a process called “remodeling” (5). Other ar-
rhythmias, such as AV nodal re-entrant tachycardia, gener-
ally well-tolerated in most people, may not produce impor-
tant symptoms at rest but only during exercise in athletes
with structural heart disease due, in part, to an increase in
the tachycardia rate. Arrhythmias that might otherwise be
innocuous and no more than a nuisance might, under
conditions of participation in certain sports involving body
contact or high speed, place the athlete at risk of injury or
death because of transient impaired mental function causing
loss of physical control. For example, it is possible that an
athlete with supraventricular tachycardia participating in
potentially dangerous sports, such as diving, downhill ski-
ing, or auto racing, may be at greater risk because of
dizziness, near syncope (a feeling of impending loss of
consciousness), or syncope than if he or she were playing
basketball or baseball.

The search for significant structural heart disease is an
important element in evaluating athletes with arrhythmias
prior to sports participation. Some athletes with coronary
artery disease (CAD), hypertrophic cardiomyopathy, ar-
rhythmogenic right ventricular cardiomyopathy (ARVC),
aortic stenosis, some inherited cardiac channelopathies like
congenital long QT syndrome (LQTS) (6), and other forms
of congenital heart disease, including repaired congenital
heart disease, are probably at greater risk for cardiac arrest
and sudden death during and, perhaps, just after exercise.
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This is probably true whether or not arrhythmias have been
recognized previously. In general, athletes with symptoms
possibly related to cardiac arrhythmia, such as exertional- or
auditory-triggered syncope, near syncope, and palpitations,
should be carefully evaluated (see Task Force 2: Congenital
Heart Disease) before being permitted to participate in
competitive sports. A consideration of cardiac hemody-
namic status is critical because right or left ventricular
dysfunction is an additional important predictor of arrhyth-
mic death. The presence of a significant rhythm distur-
bance, such as a rapid supraventricular or ventricular tachy-
arrhythmia in athletes with abnormal cardiac hemodynamic
status (from any cause), itself is definitely incompatible with
participation in all competitive sports. However, it is im-
portant to emphasize that some disease states, such as a
myocarditis, can produce arrhythmias that can be self-
limited, with subsequent full recovery.

In general, all athletes with significant cardiac arrhyth-
mias being considered for athletic activity should have a
careful cardiac examination, a 12-lead ECG, echocardio-
gram, exercise test, and, in some, a long-term 24-h Holter
ambulatory ECG recording, if possible during the specific
type of exercise being considered. Arrhythmias, as discussed
in the various Task Force documents, are usually identified
by exercise testing or some form of long-term monitoring
(including ambulatory Holter and event recording). Ar-
rhythmias precipitated during the specific type of exercise
being considered can be important because a conventional
exercise test may not replicate the specific clinical situation
produced by actively participating in the sport. In this
regard, exercise tests may need to be adapted specifically for
the athlete; that is, to begin exercise at peak energy
expenditure, as a sprinter in a race might, rather than with
the slow increase in workload commonly used in testing
athletes with CAD. Resuscitation equipment and trained
personnel may be needed on a standby basis.

All athletes with an arrhythmia who are permitted to
engage in athletics should be re-evaluated at 6 to 12 month
intervals after they are trained, to determine whether the
conditioning process affected the arrhythmia. It should also
be stressed that athletes with arrhythmias controlled by
antiarrthythmic drugs may stop taking these drugs for a
variety of reason and, therefore, compliance with recom-
mended therapy, as well as evaluation for recurrence of
symptoms, must be established periodically. Abuse with
drugs like cocaine or ephedra can precipitate life-
threatening arrhythmias, and such considerations are an
important part of the evaluation. Of note, the use of certain
cardioactive drugs, such as beta-adrenergic blocking agents,
is banned in some competitive sports (see the Introduction).
In addition, it is important to realize that the cat-
echolamines released during exercise may counteract the
salutary effects of some antiarrhythmic agents. For some
arrhythmias, an ablation approach, usually with a catheter
and usually with radiofrequency energy, to eliminate the
arrhythmia may be preferable to drug treatment. Other
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ablation energies, such as cryoablation, or other approaches
such as surgery, can be used as indicated. After successful
ablation of the arrhythmia, a return to athletics can be
within days for those in whom repeated attempts at tachy-
cardia induction during isoproterenol administration is un-
successful, and in whom the tachycardia was easily induced
prior to ablation. For those in whom such provocative
testing is not performed, waiting two to four weeks seems
advisable.

It may be difficult for team physicians and consultants
from the local community to make objective decisions to
restrict or proscribe sports for a competitive athlete. Bor-
derline cases can be reviewed by non-biased experts for the
purpose of helping make these decisions. Whether that
approach can be practically implemented has not been
determined. Alternatively, it has also been suggested that in
such borderline cases, both appropriate emergency equip-
ment and medical professionals versed in the operation of
that equipment be present at all practices and games.
However, there is considerable concern with regard to this
practice because its safety and efficacy have not been
established. Indeed, the practical implementation and reli-
ability of this approach to reverse potentially lethal arrhyth-
mias in out-of-hospital settings for the competing athlete is
highly questionable.

SYNCOPE

Unexplained syncope in an athlete is a potentially important
symptom that mandates a thorough evaluation. It may be
due to a variety of causes, including cardiovascular disease;
alternatively, it may not be associated with either structural
heart disease or a primary electrical disorder but rather to
mechanisms such as vasovagal syncope, which is a common
finding in highly trained athletes. Although vasovagal syn-
cope may be compatible with continued participation in all
competitive sports, caution should be used in making this
diagnosis in highly trained athletes without first definitively
excluding underlying structural cardiovascular disease. A
cardiac arrhythmia should be considered, particularly when
syncope occurs during or immediately after exercise.

A cause of syncope can be established in approximately
50% of patients. Often, a careful history and physical
examination will identify the etiology (7). When such an
evaluation does not determine the cause, further testing in
search of an arrhythmia is indicated. Ambulatory ECG
recordings are often unrevealing but nevertheless probably
worthwhile to obtain during the initial evaluation. Event or
loop recorders or implantable devices can be used to increase
the ECG sampling time. Tilt-table testing has been used to
assess patients at risk for vasovagal syncope, but the lack of
specificity of this test (particularly in endurance-trained
athletes in whom false-positive results can occur) requires a
particularly cautious interpretation of the results. Exercise
testing is useful and is optimally performed while recording
the ECG during the athletic activity in which the person
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participates. Provocative catecholamine stress testing with
either epinephrine, procainamide, or isoproterenol may be
useful to unmask cases of concealed LQTS, Brugada syn-
drome (BrS), or catecholaminergic polymorphic ventricular
tachycardia (CPVT) (8). Invasive electrophysiologic testing
is most likely to identify an arrhythmia responsible for
syncope in those patients with structural heart disease or an
abnormal ECG but can be considered in other athletes
when no other cause of the syncope has been identified,
remembering that the diagnostic yield of invasive electro-
physiologic testing is low in the absence of structural heart
disease.

TYPES OF ARRHYTHMIAS

Disturbances of sinus node function. Sinus tachycardia
and sinus bradycardia appropriate for the clinical situation
are not considered abnormal, and no tests are necessary.
Sinus arrhythmia and wandering pacemaker are generally
considered normal, and no tests are necessary unless the
arrhythmias result in inappropriately slow rates accompa-
nied by symptoms. Sinus arrhythmia and sinus bradycardia
are particularly common in the trained athlete.
Asymptomatic sinus pause or sinus arrest (less than 3 s) is
probably of no significance. Longer symptomatic pauses,
sinoatrial exit block, and sick sinus syndrome are considered
abnormal, and athletes should have a 12-lead, 24-h ECG,
and an exercise test. Mutations involving the cardiac sodium
channel encoded by SCN54 has been demonstrated in some
patients with progressive cardiac conduction disease and
congenital sick sinus syndrome (9,10). In an occasional
athlete experiencing syncope or near syncope, an electro-
physiologic study may be indicated and reveal abnormal
sinus node function, but in general, invasive electrophysi-
ologic testing is not helpful. Echocardiography should be
performed to exclude structural heart disease; other tests to
evaluate ventricular or valvular function may be indicated.

Recommendations:

1. Athletes with a normal or structurally abnormal heart
in whom the bradycardic rate is increased appropri-
ately by physical activity can participate in all com-
petitive sports consistent with the limitations im-
posed by the structural heart disease. They should be
reassessed periodically to determine that training
does not aggravate the bradycardia.

2. Athletes with syncope or near syncope should not
participate in sports where the likelihood of even a
momentary loss of consciousness may be hazardous
until the cause has been determined and treated, if
necessary.

3. Athletes with symptoms such as impaired conscious-
ness and fatigue clearly attributed to the arrhythmias
should be treated and if asymptomatic for two to three
months during treatment, they can participate in all
competitive sports after physician re-evaluation.
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4. Athletes with symptomatic tachycardia/bradycardia
syndrome or inappropriate sinus tachycardia should
be treated. If no structural heart disease and asymp-
tomatic for two to three months, they can participate
in all competitive sports.

5. Athletes with pacemakers should not engage in
sports with a danger of bodily collision because such
trauma may damage the pacemaker system. This
restriction should clearly exclude activities where
direct blows to the chest are a part of the sport, such
as football, rugby, boxing, martial arts, hockey, and
lacrosse. Protective padding for the device is advis-
able for other sports such as soccer, basketball,
baseball, and softball where trauma is possible but
less likely.

Premature atrial complexes. In the absence of evidence of
structural heart disease and in the absence of symptoms
other than occasional palpitation, no evaluation other than
a 12-lead ECG is necessary.

Recommendation:
1. Athletes can participate in all competitive sports.
Atrial flutter (in the absence of WPW syndrome). In the

absence of an acute, limiting illness, sustained atrial flutter is
an uncommon rhythm disturbance in athletes without
structural heart disease. Therefore, an echocardiogram
should be performed to evaluate cardiovascular structure and
function. Because the potential for very rapid ventricular
rates exists if the atrial flutter conducts 1:1 to the ventricles,
ECG determination of the ventricular response during an
exercise test or athletic event during treatment is essential.
For some patients with paroxysmal atrial flutter, induction
of the arrhythmia by electrical stimulation may be consid-
ered before the exercise test, recognizing the difficult logis-
tics in doing this. A 12-lead ECG and, at times, long-term
24-h ECG may be necessary. Asymptomatic athletes who
have transient episodes of atrial flutter lasting less than 10 s
that do not increase in duration during exercise can partic-
ipate in all sports.

Recommendations:

1. Athletes with atrial flutter in the absence of structural
heart disease who maintain a ventricular rate that
increases and slows appropriately comparable to that
of a normal sinus response in relation to the level of
activity, while receiving no therapy or therapy with
AV nodal blocking drugs, can participate in class IA
competitive sports with the warning that rapid 1:1
conduction still may occur. However, full participa-
tion in all competitive sports should not be allowed
unless the athlete has been without atrial flutter for
two to three months with or without drug treatment.
Note that the use of beta-blockers is prohibited in
some competitive sports (see Introduction).



| rich3/zja-jacc/zja-jacc/zja00805 /zja0864-05m | thistled | S=62 | 3/18/05 | 10:00 | Art: 10876 | | DTD5.0 |

JACC Vol. 45, No. 8, 2005
April 19, 2005:1354-63

2. Athletes with structural heart disease who have atrial
flutter can participate in class IA competitive sports
only after two to four weeks have elapsed without an
episode of atrial flutter.

3. Athletes without structural heart disease who have
elimination of the atrial flutter by an ablation tech-
nique or surgery can participate in all competitive
sports after two to four weeks without a recurrence,
or in several days after an electrophysiologic study
showing non-inducibility of the atrial flutter in the
presence of bi-directional isthmus block.

4. Athletes in whom anticoagulation is deemed neces-
sary cannot participate in competitive sports where
the danger of bodily collision is present.

Atrial fibrillation (in the absence of WPW syndrome). At-
rial fibrillation is far more common than atrial flutter and
may be present intermittently or chronically (11,12). Eval-
uation should include a search for the cause, such as
thyrotoxicosis. More often atrial fibrillation occurs in asso-
ciation with diseases such as CAD or hypertension. Evalu-
ation includes determination of the ventricular response
during athletic activity or an exercise test comparable to the
intended athletic competition. For some patients with
paroxysmal atrial fibrillation, electrical induction of atrial
fibrillation before the exercise test may be necessary, recog-
nizing the difficult logistics in doing this. A 12-lead ECG is
necessary, and long-term 24-h ECG recordings and an
echocardiogram are helpful in establishing the presence of
structural heart disease. Asymptomatic athletes who have
episodes of atrial fibrillation of 5 to 15 s that do not increase
in duration during exercise can participate in all sports.

Recommendations:

1. Athletes with asymptomatic atrial fibrillation in the
absence of structural heart disease who maintain a
ventricular rate that increases and slows appropri-
ately and is comparable to that of a normal sinus
response in relation to the level of activity, while
receiving no therapy or therapy with AV nodal-
blocking drugs, can participate in all competitive
sports. Note that the use of beta-blockers is prohib-
ited in some competitive sports.

2. Athletes who have atrial fibrillation in the presence
of structural heart disease who maintain a ventricular
rate comparable to that of an appropriate sinus
tachycardia during physical activity while receiving
no therapy or therapy with AV nodal-blocking drugs
can participate in sports consistent with the limita-
tions of the structural heart disease.

3. Athletes who require anticoagulation should not
participate in sports with danger of bodily collision
(13).

4. Athletes without structural heart disease who have
elimination of atrial fibrillation by an ablation tech-
nique, including surgery, may participate in all com-
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petitive sports after four to six weeks without a
recurrence or after an electrophysiologic study has
confirmed non-inducibility.

Sinus node re-entry, inappropriate sinus tachycardia, and
atrial tachycardia (in the absence of WPW syndrome).
Sinus node re-entry, inappropriate sinus tachycardia, and
atrial tachycardia should be evaluated as described for atrial
flutter. Asymptomatic athletes who have episodes of tachy-
cardia of 5 to 10 s that do not increase in duration during
exercise can participate in all sports.

Recommendations:

1. Athletes with sinus node re-entry, inappropriate si-
nus tachycardia, or atrial tachycardia in the absence
of structural heart disease who maintain a ventricular
rate that increases and slows appropriately and is
comparable to that of a normal sinus response in
relation to the level of activity, with or without
therapy, can participate in all competitive sports.

2. Athletes with underlying structural heart disease can
participate only in competitive sports consistent with
the limitations of the heart disease.

3. Athletes without structural heart disease who have
elimination of the atrial tachyarrhythmia by an ablation
technique, including surgery, may participate in all
competitive sports after two to four weeks without a
recurrence or in several days after an electrophysiologic
study showing non-inducibility.

AV junctional escape beats/rhythm. Atrioventricular
junctional escape beats and junctional rhythm are common
in athletes. The clinical approach and final recommenda-
tions are the same as those given earlier for symptomatic
athletes with disturbances of sinus node function.
Premature AV junctional complexes. If the athlete is
asymptomatic except for occasional episodes of palpitations
that do not suggest a sustained tachycardia, evaluation need
include only a 12-lead ECG. In some athletes, a 24-h ECG
recording (during athletic activity if possible), echocardio-
gram, and an exercise test may be indicated.

Recommendations:

1. Athletes with a structurally normal heart and a
normal heart rate response to activity without evi-
dence of a sustained tachycardia can participate in all
competitive sports.

2. Athletes with an abnormal heart, depending on the
type and extent of the heart disease, can participate in
competitive sports consistent with the limitations of
the structural cardiac disease.

Non-paroxysmal AV junctional tachycardia. A form of
junctional tachycardia, so-called junctional ectopic tachycar-
dia, can be found in a permanent form in infants less than
six months old, whereas a transient form occurs mostly in
children but occasionally in adults (13). Most adults have a
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slower form of non-paroxysmal junctional tachycardia.
Evaluation generally includes a 12-lead ECG, echocardio-
gram, exercise test, and 24-h ECG recording during activ-
ity. Invasive studies may be necessary for some symptomatic
patients or for those with very rapid ventricular rates.

Recommendations:

1. Athletes without structural heart disease or symp-
toms who have a controlled ventricular rate that
increases and slows appropriately and is comparable
to that of a normal sinus response in relation to the
level of activity, with or without therapy, can partic-
ipate in all sports.

2. Athletes who have no symptoms but who have struc-
tural heart disease or incompletely controlled ven-
tricular rates can engage in class IA competitive
sports depending on the nature and extent of the
structural heart disease and the ventricular rate.

3. Athletes with inappropriately rapid ventricular rates,
with or without structural heart disease, should be
considered for treatment to control the ventricular
rate before participating in any sports. Athletes
whose tachycardia is controlled by therapy and veri-
fied by appropriate testing can participate in all
competitive sports consistent with their cardiac
status.

Supraventricular tachycardia. Atrioventricular nodal re-
entrant tachycardia and AV re-entry over a concealed
accessory pathway (with only retrograde conduction) (4,14)
are included in this category. If the diagnosis of the
supraventricular tachycardia cannot be made with certainty,
and if other clinical therapeutic circumstances warrant it,
invasive electrophysiologic studies might be indicated. It is
important to identify the rate response of the supraventric-
ular tachycardia during exercise. If the exercise does not
induce the tachycardia, attempts to induce the supraventric-
ular tachycardia (possibly with atrial or esophageal pacing)
may be useful, followed once again by an exercise test
performed by the athlete when the supraventricular tachy-
cardia has been initiated. The logistics to accomplish this
may be difficult. Asymptomatic athletes who have episodes
of supraventricular tachycardia of 5 to 10 s that do not
increase in duration during exercise can participate in all
sports.

Recommendations:

1. Athletes without structural heart disease who are
asymptomatic and have reproducible exercise-
induced supraventricular tachycardia prevented by
therapy and verified by appropriate testing can par-
ticipate in all competitive sports.

2. Athletes who do not have exercise-induced supraven-
tricular tachycardia but experience sporadic recur-
rences should be treated. However, because of the
unpredictable nature of the tachycardia, end points
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for adequate therapy may be difficult to achieve; but
once established, these athletes can participate in all
activities consistent with their cardiac status. Asymp-
tomatic athletes who have episodes of supraventric-
ular tachycardia of 5 to 15 s that do not increase in
duration during exercise can participate in all sports
consistent with their cardiac status.

3. Athletes with syncope, near-syncope, or significant
symptoms secondary to arrhythmia or who have
significant structural heart disease in addition to the
arrhythmia should not participate in any competitive
sports until they have been adequately treated and
have no recurrence for two to four weeks (4). At that
time they can participate in class IA competitive
sports.

4. For those athletes with no structural heart disease
who have had successful catheter or surgical ablation,
are asymptomatic, and have no inducible arrhythmia
on follow-up electrophysiologic testing, all competi-
tive sports are permitted in several days. If no
electrophysiologic testing is done, full participation
is permitted if no spontaneous recurrence of tachy-
cardia for two to four weeks after ablation.

Ventricular pre-excitation (WPW syndrome). Required
noninvasive tests include a 12-lead ECG, exercise test, and
echocardiogram to exclude associated cardiovascular abnor-
malities. In some instances, a 24-h ECG recording during
athletic activity may be indicated. Electrophysiologic studies
are indicated in athletes with symptoms of impaired con-
sciousness, long-lasting palpitations, or rapid rates in whom
an ablation procedure is indicated.

In asymptomatic athletes with no history of palpitations
or tachycardia and no evidence of structural cardiac abnor-
malities, further evaluation may not be necessary. However,
the optimal management for these athletes is uncertain, and
continues to be debated (15,16). Furthermore, the younger
the patient, the less time the patient has had to develop
symptoms, and so the distinction between symptomatic and
asymptomatic WPW syndrome may be less meaningful in
the pediatric population. Sudden death in athletes with
pre-excitation is rare, and it appears to be confined largely to
those with accessory pathways that have short refractory
periods. Therefore, it may be advisable in selected asymp-
tomatic athletes who anticipate moderate or high level
activity to undergo electrophysiology study to determine the
anterograde refractory period of the accessory pathway, the
minimum RR interval between pre-excited complexes in
atrial fibrillation, and the number of accessory pathways.
Individuals with multiple accessory pathways or ventricular
rates exceeding 240 beats/min should be offered catheter
ablation of the accessory pathway (17,18). For those athletes
with a history of palpitations, syncope, or near syncope, it is
mandatory to assess the functional capabilities and electro-
physiologic properties of the accessory pathway.
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Recommendations:

1. Athletes without structural heart disease, without a
history of palpitations, or without tachycardia (par-
ticularly those 20 to 25 years old or more) can
participate in all competitive sports. However, in
younger age groups, a more in-depth evaluation
including an electrophysiologic study may be recom-
mended before allowing participation in moderate-
to high-intensity competitive sports.

2. Athletes with episodes of AV reciprocating tachycar-
dia should be treated as previously recommended (see
section on Supraventricular Tachycardia). However,
it should be appreciated that they can develop atrial
fibrillation with rapid ventricular rates. Electrical
induction of atrial fibrillation to determine the short-
est QRS interval between two complexes conducted
over the accessory pathway during isoproterenol ad-
ministration or exercise is recommended. Those ath-
letes in whom the shortest cycle length is less than
250 ms should undergo ablation of the accessory
pathway.

3. Athletes with episodes of atrial flutter/fibrillation
and syncope or near syncope whose maximal ventric-
ular rate at rest (without therapy) as a result of
conduction over the accessory pathway exceeding 240
beats/min should be considered for catheter ablation
therapy of the accessory pathway prior to continuing
competition. Those whose ventricular rate during
isoproterenol administration is less than 240 beats/
min and who have no episodes of syncope or near
syncope appear to be at low risk for sudden cardiac
death.

4. Athletes with no structural heart disease who have
had successful catheter or surgical ablation of the
accessory pathway, are asymptomatic, and have nor-
mal AV conduction and no inducible arrhythmia by
follow-up electrophysiologic study can participate in
all competitive sports in several days. Those without
an electrophysiologic study and no spontaneous re-
currence of tachycardia for two to four weeks after
ablation can participate in all competitive sports.

Premature ventricular complexes. Noninvasive tests rec-
ommended include a 12-lead ECG and exercise test. If
there is evidence to suggest the presence of structural heart
disease, an echocardiogram is indicated, and a 24-h ECG
recording may be beneficial. Even without evidence of
structural heart disease, if an increase in the number of
premature ventricular complexes or complex ventricular
arrhythmias occurs during exercise (with or without treat-
ment, or substantial reduction or abolition following a
period of deconditioning), further evaluation may be indi-
cated. In some of these athletes thought to have a structur-
ally normal heart, cardiac catheterization and angiography
may reveal otherwise undetected abnormalities, including
occult CAD, congenital coronary anomalies, ARVC, car-
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diac tumor, or evidence of cardiomyopathy. The more
recently recognized channelopathy known as CPV'T should
be considered (see the following text).

Frequent and complex ventricular tachyarrhythmias are
common in trained athletes; they are usually unassociated
with underlying cardiovascular abnormalities and do not
appear to convey increased risk (18). Deconditioning usually
results in loss or diminution of these arrhythmias, providing
evidence of their benign clinical nature (19).

Recommendations:

1. Athletes without structural heart disease who have
premature ventricular complexes at rest and during
exercise, and exercise testing (comparable to the sport
in which they compete) can participate in all com-
petitive sports. Should the premature ventricular
complexes increase in frequency during exercise or
exercise testing to the extent that they produce
symptoms of impaired consciousness, significant fa-
tigue, or dyspnea, the athlete can participate in class
IA competitive sports only.

2. Athletes with structural heart disease who are in
high-risk groups and have premature ventricular
complexes (with or without treatment) can partici-
pate in class IA competitive sports only. Such ath-
letes with premature ventricular complexes that are
suppressed by drug therapy (as assessed by ambula-
tory ECG recordings) during participation in the
sport can compete in only class IA competitive
sports.

Ventricular tachycardia (VT). Nonsustained or sustained
monomorphic or polymorphic VT is always a potentially
serious occurrence. Noninvasive tests to be performed in-
clude a 12-lead ECG, exercise test, and echocardiography.
In some patients, 24-h ECG recording during exercise may
be indicated. Echocardiography, cardiac catheterization,
and electrophysiologic study should be considered to verify
that the heart is structurally normal and to establish the
mechanism or location, or both, of the VI. A possible
exception is the patient with accelerated idioventricular
rhythm, in which the ventricular rate is similar to the sinus
rate. In such patients, if they have no significant structural
heart disease, the approach should be similar to that in
individuals with premature ventricular complexes.

Recommendations:

1. Athletes with a structurally normal heart and mono-
morphic nonsustained or sustained VT that can be
localized to a specific site(s) in the heart are candi-
dates for a catheter ablation procedure that may
potentially offer a cure. Following such a successful
ablation procedure, with subsequent failure to induce
VT during electrophysiologic study (EPS) with/with-
out isoproterenol when the VT was reproducibly
induced before ablation, the athlete can resume full
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competitive activity within two to four weeks. A more
conservative approach is recommended for the ath-
lete who chooses drug suppression because cat-
echolamines released during athletic activity can
counter the suppressive effects of the drug, and the
VT can re-emerge. In that situation, generally the
athlete should not compete in any sports for at least
two to three months after the last VT episode. If
there have been no clinical recurrences, and the VT is
not inducible by exercise/exercise testing or EPS, and
the athlete has no structural heart disease, all com-
petitive sports may be permitted. Because decondi-
tioning can result in the loss or lessening of ventricular
arrhythmias (19), a short period of deconditioning and
retesting can be considered in some athletes.

2. For the athlete with structural heart disease and VT,
moderate- and high-intensity competition is contra-
indicated regardless of whether the VT is suppressed
or ablated. Only class IA competitive sports are
permitted.

3. An exception to this general recommendation is the
asymptomatic athlete with brief (generally less than 8
to 10 consecutive ventricular beats) episodes of non-
sustained monomorphic VT, rates generally less than
150 beats/min, and no structural heart disease estab-
lished by noninvasive and invasive tests. These ath-
letes do not appear to be at increased risk for sudden
cardiac death. If exercise testing (preferably by am-
bulatory ECG recording during the specific compet-
itive activity) demonstrates suppression of the VT or
no significant worsening compared with baseline,
participation in all competitive sports is permissible.

4. The desire of the athlete to continue athletic com-
petition should not represent the primary indication
for use of an implantable cardioverter-defibrillator
(ICD). The efficacy with which these devices will
terminate a potentially lethal arrhythmia under the
extreme conditions of competitive sports, with the
associated metabolic and autonomic changes, and
possible myocardial ischemia, is unknown. In addi-
tion, sports with physical contact may result in
damage to the ICD and/or lead, preventing normal
function. For athletes with ICDs, all moderate and
high intensity sports are contraindicated. Class IA
sports are permitted.

Ventricular flutter and ventricular fibrillation.
Recommendation:

1. Athletes with conditions that result in cardiac arrest
in the presence or absence of structural heart disease
generally are treated with an ICD and cannot partic-
ipate in any moderate- or high-intensity competitive
sports. However, athletes with ICDs and who have
had no episodes of ventricular flutter or ventricular
fibrillation requiring device therapy for six months
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may engage in class IA competitive sports. Recom-
mendations in the section on VT also apply.

First-degree AV block. In asymptomatic athletes with
structurally normal hearts, if the QRS complex is normal,
no further evaluation other than a 12-lead ECG is neces-
sary. If the QRS complex is abnormal, or the PR interval is
excessively prolonged (0.3 s or more), an exercise stress test,
24-h ECG recording and echocardiogram may be indicated.
Possibly an EPS might be necessary to determine the site
and duration of conduction delay.

Recommendation:

1. Asymptomatic athletes without evidence of structural
heart disease, in whom the first-degree AV block does
not worsen with exercise, can participate in all com-
petitive sports. If underlying heart disease is present,
its nature and severity can independently dictate
alternative restrictions.

Type 1 second-degree (Wenckebach) AV block. Wenck-
ebach AV nodal block can be present in otherwise normal,
well-trained endurance athletes (4). Recommended evalua-
tions include a 12-lead ECG, exercise test, and echocardio-
gram. A 24-h ECG recording during athletic activity may
be indicated in some athletes. In those athletes with type 1
second-degree AV block and co-existing bundle-branch
block, EPS may be indicated to identify the presence of
His-Purkinje Wenckebach block.

Recommendations:

1. Asymptomatic athletes with a structurally normal
heart and no worsening or actual improvement of AV
block with exercise or recovery can participate in all
competitive sports.

2. Asymptomatic athletes with a structurally abnormal
heart in whom AV block disappears or does not
worsen with exercise or recovery can participate in all
competitive sports, as determined by the limitations
of the cardiac abnormality.

3. Asymptomatic athletes in whom type 1 second-
degree AV block initially appears or worsens with
exercise or during the recovery period should be
evaluated further (e.g., for possible intra- or infra-
His block) and may require pacemaker therapy. Such
athletes can participate in class IA competitive
sports.

4. Athletes treated with pacemakers should not engage
in competitive sports with a danger of bodily collision
because such trauma may damage the pacemaker
system.

Type 2 second-degree (Mobitz) AV block. The evolution
and treatment of this abnormality is considered to be the
same as in acquired complete heart block. It should be
treated with permanent pacing before any athletic activity.
Athletes with pacemakers should not participate in compet-
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itive sports that pose a danger of bodily collision because
such trauma may damage the pacemaker system. Before
allowing athletes to engage in these activities, an exercise
test should be done at the level of activity demanded by the
particular sport to be certain that the paced heart rate
increases appropriately.

Congenital complete heart block. The clinical approach
to evaluating the severity of the cardiovascular abnormality
includes an echocardiogram, 12-lead ECG, 24-h ECG
recording during exercise, and exercise stress test (exercise
testing should be performed at the same exercise level as
that during the sports activity).

Recommendations:

1. Athletes with a structurally normal heart and normal
cardiac function, with no history of syncope or near
syncope, a narrow QRS complex, ventricular rates at
rest greater than 40 to 50 beats/min increasing ap-
propriately with exertion, no or only occasional pre-
mature ventricular complexes, and no VT during
exertion can participate in all competitive sports.

2. Athletes with ventricular arrthythmia, symptoms of
fatigue, near-syncope, or syncope should have a
pacemaker implanted before they participate in com-
petitive sports. Athletes with pacemakers should not
participate in competitive sports when the danger of
bodily collision exists because such trauma may dam-
age the pacemaker system. Before allowing athletes
to engage in these activities, an exercise test should
be conducted at the level of activity demanded by the
particular sport so as to be certain that the paced
heart rate increases appropriately.

3. Athletes with abnormal hemodynamic status, as
those with an intracardiac shunt, cannot participate
in any competitive sports without a pacemaker. Re-
strictions are the same as those in recommendation 2.

Acquired complete heart block.

Recommendations:

1. Patients with acquired complete heart block should
be treated with pacing before any athletic activity.

2. Athletes with a pacemaker should not participate in
competitive sports posing a danger of bodily collision
because such trauma may damage the pacemaker
system.

Complete right bundle-branch block. Evaluation in-
cludes a 12-lead ECG, exercise test, and echocardiogram. In
some instances, a 24 h ECG recording may be indicated.

Recommendation:

1. Athletes without ventricular arrhythmias who do not
develop AV block with exercise and who have no
symptoms can participate in all competitive sports
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consistent with their cardiac status. This also applies
to athletes with associated left-axis deviation.

Complete left bundle-branch block. Evaluation includes
a 12-lead ECG, exercise test, and echocardiogram. In some
instances, a 24-h ECG recording may be indicated. Because
of the rarity of acquired left bundle-branch block in children
and its association with syncope from presumed paroxysmal
AV block, an invasive EPS should be considered in young
patients.

Recommendations:

1. Adult athletes with acquired left bundle-branch
block should follow the recommendations under the
section entitled Complete Right Bundle-Branch
Block.

2. Athletes with a normal HV interval and a normal AV
conduction response to pacing can participate in
all competitive sports consistent with their cardiac
status.

3. Athletes with abnormal AV conduction characterized
by an HV interval greater than 90 ms or a His-
Purkinje block should have pacemaker implantation.
They should be restricted from competitive sports
that hold a danger of bodily collision because such
trauma may damage the pacemaker system.

Inherited arrhythmia syndromes. LONG QT SYNDROME.
The definitive clinical diagnosis of congenital long QT
syndrome (LQTS) can be complex (20). Debate continues
as to what QT'¢ constitutes the upper limit of normal. An
increasing proportion of asymptomatic individuals with
genetically proven LQTS are found to have a normal resting
ECG with a heart rate corrected QT interval (QT¢) by
Bazett’s formula of less than 460 ms (genotype positive/
phenotype negative LQTS). In addition, a QT¢ of 440 ms,
used in the past as an upper limit of normal, is present in far
too many normal individuals (greater than 25%) to serve as
a meaningful upper limit cut-off value. In general, a QTc of
470 ms or more in males and 480 ms or more in females
requires further investigation as to the presence of congen-
ital (or acquired) causes of QT prolongation. A patient with
LQTS and a resting QTc of 500 ms or more is generally
considered at increased clinical risk for a significant arrhyth-
mia (21). One approach to the diagnosis of congenital
LQTS is to utilize the “Priori-Schwartz” score that incor-
porates QTc, T-wave morphology, symptomatic presenta-
tion, and family history into the diagnostic algorithm (21).
A “Priori-Schwartz” score of 4 or more suggests high
clinical probability for LQTS. In addition, genetic testing
for the five cardiac ion-channel genes responsible for 75% of
LQTS (LQT1, LQT2, LQT3, LQTS5, and LQT6) is now
available as a commercial diagnostic test (22).

Mutations involving the structural protein ankyrin-B
underlie the rare LQT4 form (23). Mutations involving the
KCNJ2-encoded IK1 potassium channel account for ap-
proximately one-half of Andersen-Tawil syndrome (ATS1)
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characterized by abnormal U waves, a prolonged QU
interval, periodic paralysis, and facial and skeletal dysmor-
phisms. The ATS1 has been annotated in the past as
LQT7.

Physical exertion (particularly swimming) appears to be a
common trigger for ventricular arrhythmias in LQT1,
whereas individuals with LQT2 seem more at-risk to
auditory/emotional triggers, and patients with LQT3 may
be at greater risk during rest and inactivity (24,25). How-
ever, exceptions to these genotype-phenotype correlations
hinder genotype-specific tailoring of competitive sports
recommendations. The entire personal and family pheno-
type must be incorporated before any eligibility or disqual-

ification decision is rendered.
Recommendations:

1. Regardless of QTc or underlying genotype, all com-
petitive sports, except those in class IA category
should be restricted in a patient who has previously
experienced either: 1) an out-of-hospital cardiac ar-
rest, or 2) a suspected LQTS-precipitated syncopal
episode.

2. Asymptomatic patients with baseline QT prolonga-
tion (QTc of 470 ms or more in males, 480 ms or
more in females) should be restricted to class IA
sports. The restriction limiting participation to class
IA activities may be liberalized for the asymptomatic
patient with genetically proven type 3 LQTS
(LQT3).

3. Patients with genotype-positive/phenotype-negative
LQTS (i.e., identification of a LQTS-associated mu-
tation in an asymptomatic individual with a nondiag-
nostic QT'¢) may be allowed to participate in competi-
tive sports. Although the risk of sudden cardiac death is
not zero in such individuals, there is no compelling data
available to justify precluding these individuals (who are
being identified with increasing frequency) from com-
petitive activities. Because of the strong association
between swimming and LQT1, persons with genotype-
positive/phenotype-negative LQT1 should refrain from
competitive swimming.

4. LQTS patients with an ICD/pacemaker should not
engage in sports with a danger of bodily collision
because such trauma may damage the pacemaker
system. The presence of an ICD should restrict
individuals to class IA activities.

SHORT QT SYNDROME. Individuals with the short QT
syndrome (SQT'S) (QTc¢ less than 300 ms) have a short QT
interval and ventricular refractory period, and at least some
of them have “gain-of-function” abnormalities in either Iy,

(KCNH?) or I, (KCNQI) (26).

Recommendation:

1. Until the phenotype of SQTS is better understood, a

universal restriction from competitive sports with the
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possible exception of class IA activities seems to
represent the most prudent recommendation (27).

CATECHOLAMINERGIC POLYMORPHIC VENTRICULAR
TACHYCARDIA (CPVT). Approximately one-half of patients
with CPVT is pursuant to mutations involving the RyR2-
encoded ryanodine receptor (sarcoplasmic reticulum cal-
cium release channel). Such individuals are vulnerable to
exercise-induced VT /ventricular fibrillation.

Recommendations:

1. Symptomatic patients have a poor prognosis unless
treated with an implantable cardioverter-defibrillator
(ICD) (28) and all such patients are restricted from
competitive sports with the possible exception of min-
imal contact, class IA activities. As with LQT1, pa-
tients with CPVT should be restricted from competitive
swimming. Asymptomatic patients detected as part of
familial screening with documented exercise- or
isoproterenol-induced VT should refrain from all com-
petitive sports except possible class IA activities. A less
restrictive approach may be possible for the genotype-
positive/phenotype-negative (asymptomatic, no induc-
ible VT) athlete.

BRUGADA SYNDROME (B:S). Brugada syndrome (29), char-
acterized by an accentuated J-wave primarily in leads V;
through V3, with ST-segment elevation, often followed by
a negative T-wave and an R prime, may be the cause of
sudden unexplained death syndrome, typically during sleep.
Only 15% to 20% of BrS is established as a channelopathy
due to mutations involving the SCN5A4-encoded alpha
subunit of the cardiac sodium channel (30). Individuals with
BrS and no previous cardiac arrests may have a high risk of
sudden death if they have inducibility of ventricular arrhyth-
mias and a previous history of syncope (28). Hyperthermia
can potentially unmask the Brugada ECG pattern in pa-
tients with BrS, who can then display fever-induced poly-
morphic VT. Death often occurs with mild activity or
during sleep.

Recommendations:

1. Although a clear association between exercise and
sudden death has not been established, and because
of the potential impact of hyperthermia, restriction to
participation in class IA sports seems advisable.

2. The presence of an ICD device warrants the same
restrictions to class IA sports as previously outlined.

doi:10.1016/j.jacc.2005.02.014
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This classification of sports has been developed to allow a
fundamental question to be addressed: whether it is reason-
ably safe to recommend that an athlete with a specific
cardiovascular abnormality be eligible for a particular com-
petitive sport (1,2). We recognize that cardiovascular disease
assessments are imprecise and may change over time and be
influenced by exercise training. Furthermore, there are
potentially life-threatening aspects to the nature of the risk
involved. We have attempted to incorporate these realities
into the classification system.

Sports can be classified according to the type and inten-
sity of exercise performed and also with regard to the danger
of bodily injury from collision, as well as the consequences
of syncope. Exercise can be divided into two broad types:
dynamic (isotonic) and static (isometric) (3-6).

Dynamic exercise involves changes in muscle length and
joint movement with rhythmic contractions that develop a
relatively small intramuscular force; static exercise involves
development of a relatively large intramuscular force with
little or no change in muscle length or joint movement.
These two types of exercise should be thought of as the two
opposite poles of a continuum, with most physical activities
involving both static and dynamic components. For exam-
ple, distance running has low static and high dynamic
demands, water skiing has principally high static and low
dynamic demands, and rowing has both high static and
dynamic demands.

The terms dynamic and static exercise characterize activity
on the basis of the mechanical action of the muscles
involved and are different from the terms aerobic and
anaerobic exercise. The latter characterize activity on the
basis of the type of muscle metabolism. Most high-intensity
static exercise is performed anaerobically, whereas high-
intensity dynamic exercise lasting for more than several
minutes is performed aerobically. However, some dynamic
exercises, such as sprinting or jumping, are performed
primarily anaerobically. Thus, many sports are placed in the
high dynamic category, including such diverse activities as
skiing (cross country), running (distance), soccer, and
squash. Because the cardiovascular demands of very high
resistance dynamic exercise are similar to sustained static
exercise, those sports that have either a sustained static
component or a very high resistance dynamic component
are classified together as high-intensity static exercise (e.g.,
weightlifting, gymnastics, and field events [throwing]).

The two primary factors determining the cardiovascular
risk of competitive sports are, clearly, the athlete’s abnor-
mality and the stress under which it is placed by the sport.
This involves: 1) the specific cardiovascular diagnosis and its

pathophysiological consequences; and 2) the cardiovascular
response to the demands of the sport during both compe-
tition and training, which a competitive athlete in a sport
may typically or reasonably be expected to undertake. The
stress of the sport involves both static and dynamic compo-
nents that determine the cardiovascular demands of the
sport. Thus, for athletes with cardiovascular abnormalities,
recommendations regarding eligibility for competition will
recognize these factors as well as the attendant psychological
stresses that invariably accompany competitive athletics.
The cardiovascular demands produced by training or com-
petition in a particular sport involve the type, intensity, and
duration of the activity, with both peak intensity and total
work performed as well as attendant neurohumoral effects
and environmental factors.

RESPONSE AND ADAPTATION TO EXERCISE

The acute responses of the cardiovascular system to dynamic
and static exercise are summarized in Figure 1 (5,6).
Dynamic exercise performed with a large muscle mass
causes a marked increase in oxygen consumption (Fig. 1,
Panel A). There is a substantial increase in cardiac output,
heart rate, stroke volume, and systolic blood pressure; a
moderate increase in mean arterial pressure; and a decrease
in diastolic blood pressure. Also, there is a marked decrease
in total peripheral resistance. Static exercise, in contrast,
causes a small increase in oxygen consumption, cardiac
output, and heart rate, and no change in stroke volume (Fig.
1, Panel B). Moreover, there is a marked increase in systolic,
diastolic, and mean arterial pressure and no appreciable
change in total peripheral resistance. Thus, dynamic exercise
primarily causes a volume load on the left ventricle, whereas
static exercise causes a pressure load. The cardiovascular
responses during dynamic exercise of a small muscle mass at
low resistance or during dynamic exercise of a large muscle
mass at high resistance are similar to the responses during
static exercise.

The acute response to both dynamic and static exercise
changes several factors that are important in determining
myocardial oxygen demand: heart rate, wall tension, and
contractile state of the left ventricle (LV) (7,8). Wall tension
is affected by pressure development and ventricular volume.
In high-intensity dynamic exercise, there is a large increase
in heart rate and an increase in stroke volume that is
achieved by both an increase in end-diastolic volume
(Frank-Starling mechanism) and a decrease in end-systolic
volume (increased contractile state). In high-intensity static
exercise, a smaller increase occurs in heart rate and little
change occurs in end- and end-systolic volumes of the LV.

F1
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Figure 1. Cardiovascular response to exercise. (A) Response to dynamic
exercise of progressively increasing workload to maximal oxygen consump-
tion. (B) Response to a static handgrip contraction at 30% maximal
voluntary contraction. ABP (mm Hg) = systolic, mean and diastolic
arterial blood pressures; HR (bpm) = heart rate (beats/min); Q_(1/min) =
cardiac output (liters/min); SV (ml/beat) = stroke volume; TPR (PRU) =
total peripheral resistance in peripheral resistance units; VO2 (ml/min/kg) =
oxygen consumption (ml/min X body weight in kg). Reprinted with permis-
sion from Mitchell JH, Raven PB. Cardiovascular adaptation to physical
activity. In: Bouchard C, Shephard RJ, Stephens T, editors. Physical Activity,
Fitness and Health: International Proceedings and Consensus Statement (Fig.
17.2). Champaign, IL: Human Kinetics Publishers. Copyright 1994 by
Human Kinetics Publishers, Inc.

However, arterial pressure and contractile state of the
ventricle are increased. Thus, both dynamic and static
exercise increase factors that are important in determining
myocardial oxygen demand.

The chronic adaptation of the cardiovascular system to
repeated bouts of dynamic exercise (training) results in an
increase in maximal oxygen uptake (5,6). This is due to an
increased maximal stroke volume and arteriovenous oxygen
difference. Athletes who train in sports with a high dynamic
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component have a large absolute LV mass and chamber size
(eccentric hypertrophy) (6,9,10). This eccentric hypertrophy
develops gradually and correlates with a high maximal
stroke volume and high maximal oxygen uptake. Also, the
skeletal muscles involved in the dynamic exercise training
become more oxidative and less glycolytic with an increase
in the number and size of the mitochondria and an
increased number of capillaries. These changes contribute to
the larger maximal arteriovenous oxygen difference seen in
endurance athletes.

The chronic adaptation of the cardiovascular system to
static exercise training results in little or no increase in
maximal oxygen uptake. However, athletes who participate
in sports with a high static component also have a large LV
mass but no increase in chamber size (concentric hypertro-
phy) (6,9,10). In addition, the skeletal muscles involved in
the static exercise training become more glycolytic and less
oxidative, and there is an increase in skeletal muscle mass
primarily by fiber hypertrophy with a small degree of
hyperplasia via stem cell activation.

ATHLETE’S HEART

As previously mentioned, participation in sports with a high
dynamic demand (endurance) or with a high static demand
(power) causes an increased cardiac mass and structural
remodeling in many athletes. This finding has been shown
in detail over three decades in a multitude of echocardio-
graphic studies and more recently by cardiac magnetic
resonance imaging (6,9,10). The changes resulting from
training include enlargement and increased volume of the
right and LV chambers, sometimes accompanied by in-
creased thickness of the LV wall, and increased size of the
left atrium, with preservation of systolic and diastolic
function. Extreme changes in cavity dimensions and LV
wall thickness are most commonly associated with training
in rowing, cross-country skiing, cycling, and swimming, but
paradoxically are uncommon as a consequence of training in
ultra-endurance sports (10). The increased cardiac dimen-
sions associated with athletic training are related to body
surface area or lean body mass and consequently are less
pronounced in women (10).

Participation in sports with a high static demand (e.g.,
weightlifting or wrestling) is associated with LV wall
thickness that is usually normal in absolute terms (less than
12 mm) but disproportionately increased in relation to
cavity size. More substantial LV wall thickness (13 mm or
more in men and 12 mm or more in women), occasionally
encountered in competitive athletes, creates a differential
diagnosis with hypertrophic cardiomyopathy (9,10) (also see
Task Force 1).

CLASSIFICATION OF SPORTS

A classification of sports is provided in Figure 2, which
relates individual competitive sports to the two general types
of exercise: dynamic and static (3—6). Each sport is catego-
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Il. Moderate

O | Bobsledding/Luge™t, Field Body building*t, Downbhill
o> events (throwing), skiing*t, Skateboarding*t,
o= Gymnastics*t, Matrtial arts*, | Snowboarding*t, Wrestling*
I R Sailing, Sport climbing,
= 3 | Water skiing*t, Weight

A | lifting™t, Windsurfing™t

Archery, Auto racing*t,
Diving*t, Equestrian*t,
Motorcycling*t

American football*, Field
events (jumping), Figure
skating*, Rodeoing*t,
Rugby*, Running (sprint),
Surfing*t, Synchronized
swimmingt

Basketball*, Ice hockey*,
Crass-country skiing
(skating technique),
Lacrosse®, Running (middle
distance), Swimming, Team
handball

Billiards, Bowling, Cricket,
Curling, Golf, Riflery

Baseball/Softball*, Fencing,
Table tennis, Volleyball

Badminton, Cross-country
skiing (classic technique),

l. Low

Increasing Static CoOMPOoNeN! m—-
(<20% MVC) ( 20-50% MVC)

Field hockey*, Orienteering,
Race walking,
Racquetball/Squash,
Running (long distance),
Soccer*, Tennis

A. Low
(<40% Max O,)

B. Moderate
(40-70% Max O,)

C. High
(>70% Max O,)

Increasing Dynamic Component me—-

Figure 2. Classification of sports. This classification is based on peak static and dynamic components achieved during competition. It should be noted,
however, that higher values may be reached during training. The increasing dynamic component is defined in terms of the estimated percent of maximal
oxygen uptake (MaxO,) achieved and results in an increasing cardiac output. The increasing static component is related to the estimated percent of maximal
voluntary contraction (MVC) reached and results in an increasing blood pressure load. The lowest total cardiovascular demands (cardiac output and blood
pressure) are shown in green and the highest in red. Blue, yellow, and orange depict low moderate, moderate, and high moderate total cardiovascular

demands. *Danger of bodily collision. tIncreased risk if syncope occurs.

rized by the level of intensity (low, medium, high) of
dynamic or static exercise generally required to perform that
sport during competition. It also recognizes those sports
that pose significant risk due to bodily collision, either
because of the probability of hard impact between compet-
itors or between a competitor and an object, projectile, or
the ground; as well as the degree of risk to the athlete or
others if a sudden syncopal event occurs. Thus, in terms of
their dynamic and static demands, sports can be classified
(Fig. 2) as ITIC (high static, high dynamic), IIB (moderate
static, moderate dynamic), IA (low static, low dynamic), and
so forth. For example, an athlete with a cardiovascular
abnormality that contraindicates a sport that produces a
high pressure load on the LV may be advised to avoid sports
classified as IIIA, IIIB, and IIIC. It should be emphasized
that in terms of the classification of sports matrix presented
in Figure 2, cardiovascular abnormalities designated as
compatible with a high level of intensity in any particular
category also (by definition) permit participation in levels of
lesser intensity. For example, if class IC sports are appro-

priate (low static/high dynamic), then so are classes IA and
IB (low static/low and moderate dynamic).

The sports matrix in Figure 2 should not be regarded as
a rigid classification, but rather a spectrum in which some
athletes in the same sport could possibly deserve placement
in different categories. Furthermore, some sports involve
heterogeneity with respect to static and dynamic cardiovas-
cular demands in either different athletic disciplines—such
as parallel bars and floor exercises in gymnastics or positions
such as lineman and running back in football, or goalkeeper
and mid-fielder in soccer. We have not formulated such
distinctions in the matrix, but these should be taken into
consideration when making clinical decisions regarding the
eligibility and disqualification for competitive sports.

LIMITATIONS OF CLASSIFICATION

There are important limitations to the present classification
of sports according to the type and intensity of exercise
performed, as presented in Figure 2. For example, it does
not consider the emotional stress that an athlete experiences
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during a competitive event, the effects of environmental
factors, electrolyte abnormalities, or the specific training
regimen used by the athlete. Also, for team sports the
classification is based on the highest cardiovascular demands
that are experienced during competition and does not
consider the different cardiovascular demands of specific
positions.

During all athletic competitions, the athlete’s emotional
involvement can substantially increase sympathetic drive,
and the resulting catecholamine concentrations can increase
blood pressure, heart rate, and myocardial contractility,
thereby increasing myocardial oxygen demand. Also, the
increase in sympathetic tone can trigger arrhythmias and
aggravate existing myocardial ischemia. Thus, even in com-
petitive sports such as golf or riflery, which have low
myocardial oxygen demands owing to the exercise required,
substantial increases may occur because of emotional in-
volvement during competition. This problem is difficult (if
not impossible) to quantitate, but it needs to be considered
in determining the eligibility for sports participation of
athletes with existing cardiovascular abnormalities.

Environmental exposure during athletic competition or
training also needs to be considered. Performance at high
altitudes or under water may decrease oxygen availability,
whereas excessively hot or cold temperatures and high
humidity can increase myocardial workload for the same
intensity of exercise. Another potentially relevant environ-
mental factor is air pollution, such as elevated carbon
monoxide levels in a sport such as auto racing.

With the modern application of exercise science to
competitive sports, training for competition can, in fact, be
more demanding on the cardiovascular system than the
competition itself. Many training regimens now use heavy
resistance weight training (high static and low dynamic
demand) for increasing strength and power in sports that do
not include heavy static demands during competition (e.g.,
tennis, basketball). This concept that both the dynamic and
static demands of a sport may be greater during training
than in competition must be seriously considered when the
eligibility of an athlete in a given sport is being determined.
Also, in some cases where it is found acceptable for the
athlete to participate in the competitive aspect of a specific
sport but the existing training program is considered too
vigorous, it may be possible to modify the training regimen
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so as to reduce the cardiovascular demands to an acceptable
level.

doi:10.1016/j.jacc.2005.02.015
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Appendix 1

Dr. Steven P. Van Camp declared that he served as an
expert witness for the following court cases which may be
related to the 36th Bethesda Conference: 2001—Defense,
young athlete with cardiomyopathy dying suddenly; 2002—
Defense, ephedra ingestion and exercise-related death;
2003—Defense, two cases of ephedra ingestion and
exercise-related death; 2005—Defense, ephedra ingestion
and exercise-related death; Defense, ephedra ingestion and
myocardial infarction. The other authors of this report
declared that they have no financial relationships with
industry or others pertinent to this topic.
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GENERAL CONSIDERATIONS

Athletes commonly use drugs and dietary supplements
because they hope to improve athletic performance. These
performance-enhancing substances include ergogenic and
thermogenic supplements, stimulants, anabolic steroids,
peptide hormones, and others. Despite aggressive marketing
and user testimonials, scientific studies assessing the benefits
and risks of any of these substances have not been conducted
(1-5). Clinical observations indicate some supplements may
have serious side effects including fatal adverse reactions (6—8).
Athletes should make informed decisions regarding the use of
drugs and dietary supplements with careful consideration of
what is known and unknown. Health care professionals should
ask about drug and dietary supplements and serve as an
educational resource for athletes and athletic organizations (9).

Many drugs and supplements are marketed to improve
exercise duration or physical strength, to shorten recovery time
from exertion, to reduce fat, or in other ways to improve
athletic performance (1-3,10-13). These substances include
anabolic-androgenic steroids and the more than 30 natural and
synthetic derivatives including tetrahydrogestrinone (THG).
Androstenedione, commonly referred to as “andro,” and dehy-
droepiandrosterone (DHEA) are available in oral form and are
sold as nutritional supplements. Stimulants include amphet-
amines, cocaine, dexadrine, ephedra, ritalin, beta-2 agonists,
and others (1-3,10-13). Peptide hormones and analogues,
such as recombinant erythropoietin (EPO), are used as a
pharmacologic alternative to “blood doping” or autotransfusion
(1-3,10-13). Human growth hormone (hCG), chorionic go-
nadotropin, pituitary and synthetic gonadotropins (LH), and
corticotropins (ACTH, tetracosactide) also are used because
they are believed to improve athletic performance (1-3,10-13).

Dietary supplements are products, other than tobacco,
containing vitamins, minerals, amino acids, herbs, or other
botanical dietary substances (1-3,10—13). Some substances
such as vitamins, minerals, bee pollen, caffeine, glycine,
carnitine, lecithin, brewer’s yeast, gelatin, creatine, protein
supplements, and others probably have minimal toxicity
when used in recommended doses. Based on serious con-
cerns regarding the safety of a popular energy drink with
taurine, caffeine, and glucuronolactone, multiple European
countries have banned its sale (10). Like most dietary
supplements this drink has not been assessed for efficacy or
toxicity in rigorous scientific studies (1-3,10-13).

Other banned drugs that are not considered performance-
enhancing would come under the designation of recreational

drugs (1-5,13). These include alcohol, cannaboids, seda-
tives, narcotics, LSD, and others that have the potential to
impair cognitive and physical function and are prohibited
(1-3,12,13). The dietary supplement ephedra (ma huang) is
associated with life-threatening toxicity and death resulting
on a ban of its sale by the Food and Drug Administration
(6—8). Inadequate labeling and insufficient quality control
in the production of many nutritional supplements are also
reasons to recommend that athletes not take dietary supple-
ments. Contamination or poor labeling of nutritional sup-
plements are not regarded as adequate defenses by athletic
governing bodies. Recognizing that there may be excep-
tional circumstances where an athlete will require an oth-
erwise prohibited substance for medical purposes, formal
therapeutic exemption mechanisms are available with prior
consideration and approval (11-13).

Athletic governing bodies should provide comprehensive
lists of prohibited drugs and dietary supplements (1,11-13).
They should develop a rigorous approach to prevent
performance-enhancing and recreational drug and dietary
supplement use. The crucial elements of any program
should include education, counseling, treatment, detection,
and enforcement. Governing athletic bodies should use all
available resources to enhance, supplement, and coordinate
existing efforts to educate athletes and reinforce the ethical
principles inherent in athletic participation. Without such
oversight, the integrity of athletics is threatened. Ultimately,
athletes must accept responsibility for the decisions they
make regarding the usage of drugs and performance-
enhancing substances.

Athletes taking or considering the use of such substances
should be aware that the safety and efficacy of supplements
used for improving athletic performance have not been
addressed in systematic scientific studies. Trainers, exercise
physiologists, sports nutritionists, athletic governing bodies,
or medical organizations should discourage the use of
dietary supplements by athletes. Serious side effects may
result from the use of these substances, including cardiac
hypertrophy, myocyte necrosis, myocarditis, fibrosis, coro-
nary thrombosis, and sudden death (even at recommended
dosing) (2,3,6-8,10).

Recommendation:

1. Athletes should have their nutritional needs met through
a healthy, balanced diet without dietary supplements.

doi:10.1016/j.jacc.2005.02.016
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GENERAL CONSIDERATIONS OF
CARDIAC ARREST RISK AMONG ATHLETES

The incidence of out-of-hospital cardiac arrest among the
general population of adults is 1 to 2 deaths per 1,000
subjects per year; a figure that represents 50% of all
cardiovascular deaths (1). For the adolescent and young
adult subgroups, the estimated incidence is 1 per 100,000
per year or less. Available data suggest that among the
younger population, competitive athletes account for a
disproportionately higher-risk subset, compared to the gen-

eral population in a comparable age group (2-4). In
addition, among the adult population performing condi-
tioning activities in health clubs, the probability of cardiac
arrest during exertion appears higher than the expected rate
for comparable groups generally, especially among persons
who exercise despite being habitually sedentary (5).
Within the subgroup of the population age 35 years and
older, coronary heart disease accounts for approximately
80% of all sudden cardiac deaths (SCDs), with the cardio-
myopathies accounting for another 10% to 15%. In the
younger age groups, hypertrophic cardiomyopathy, anoma-
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lous coronary arteries, myocarditis, and various other inher-
ited disorders that are associated with arrhythmic risk
dominate the etiologies (1). Although the absolute risk for
the young athlete remains low, the excess compared to the
general population in their age group and the life expectancy
associated with the underlying diseases in the absence of a
cardiac arrest, suggests the need for aggressive approaches to
the recognition of individuals at risk, and for systems to
respond to unexpected events.

ROLE OF AUTOMATED EXTERNAL
DEFIBRILLATORS IN RESPONSE TO CARDIAC ARREST

In attacking the problem of SCD, it is unrealistic to assume
that any single approach— epidemiological surveillance, pri-
mary prevention of disease states, clinical interventions of
established diseases, or community-based response sys-
tems—will have a major impact alone. Each strategy has a
role, in part because a large majority of events occur
unexpectedly in the out-of-hospital environment and are
not predictable with great accuracy by risk profiling in most
clinical circumstances (6).

Because the majority of out-of-hospital cardiac arrests
occur by the initial mechanism of ventricular fibrillation,
community-based defibrillation strategies have emerged as
one approach to the SCD problem. Time to defibrillation is
the most important factor in survival from out-of-hospital
cardiac arrest due to ventricular fibrillation (7). Thus,
community deployment of rapid access systems has been
evolving since the late 1960s, when portable defibrillators
initially became available. The first systems were fire
department-based paramedical programs, and were fol-
lowed years later by the placement of automated external
defibrillators (AEDs) in the hands of non-conventional
trained responders, such as security guards, police, and flight
attendants (8-15). Most recently, defibrillators were made
available to minimally trained or untrained lay responders in
public locations such as airports, commercial aircraft, super-
markets, stadiums, and hospitals (14-17), and have also
been suggested for private residences or neighborhoods (18).

Although survival rates from out-of-hospital cardiac ar-
rest remain far lower than desirable, the various out-of-
hospital response strategies have improved the survival rates,
largely based on more rapid response times. Those settings
and strategies that provide response times from witnessed
onset to initial defibrillation of less than 2 to 3 min can
provide survival outcomes hovering about 50% (16); but
rates fall sharply with each passing minute thereafter. By 4
to 5 min, survival is 25% or less, and less than 10% after 10
min (19). As a consequence, despite the apparent value of
conventional emergency medical systems and other vehicle-
based systems such as police responders, additional public
access systems are anticipated to provide even faster access
to defibrillation. Such systems are being deployed and tested
(20,21). Each has potential or demonstrates added benefit

to survival rates.
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AEDs AT SITES OF TRAINING AND COMPETITION

Among young athletes, cardiac arrests generally occur during
or shortly after intense training sessions or competition. Al-
though the incidence of cardiac arrest is extremely low (ap-
proximately 1% of that reported in middle-age and older adult
populations), the value of prompt and successful resuscitation
and long-term survival is enhanced by the potential of ex-
tended life over many decades (i.e., much longer than is the
case for older adults, among whom the extent of underlying
disease results in substantial risk over shorter time periods).
Thus, it is considered reasonable to have an AED available for
use at educational facilities, training centers, and sports arenas
and stadiums, in addition to trained responders among the staft
at each (5,21). The AEDs should be deployed in a distribution
that can achieve an anticipated response time of 5 min or less
(22). When the time from loss of consciousness to availability
of an AED is 5 min or longer, 30 to 60 s of CPR prior to the
first attempt to defibrillate has been shown to provide a survival
benefit (23).

Although there are only anecdotal observations supporting
the feasibility and impact of this strategy, the rationale is clear
and should be promoted. In addition, it should be recognized
that the availability of AEDs during competitive sporting
events also provides the potential for life-saving support to
spectators and other bystanders. Nonetheless, the availability of
an AED at a sporting event should not be construed as
absolute protection against a fatal outcome from a cardiac
arrest. Neither should it supersede restrictions against partici-
pation in competitive sports, based upon underlying cardiac
abnormalities, as defined in this document.

Recommendations:

1. The AEDs should be available at educational facili-
ties that have competitive athletic programs (includ-
ing intramural sports and conditioning classes), sta-
diums, arenas, and training sites, with trained
responders identified among the permanent staff.
Devices should be deployed so as to provide a
response time of less than 5 min.

2. The initial response to a suspected or identified cardiac
arrest should be to contact emergency medical services
(e.g., 9-1-1), followed immediately by, or concomitant
with, initiating CPR and deploying the AED.

doi:10.1016/j.jacc.2005.02.017
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Task Force 11: Commotio Cordis

Barry J. Maron, MD, FACC, Chair
N. A. Mark Estes III, MD, FACC, Mark S. Link, MD, FACC

GENERAL CONSIDERATIONS

Sudden and unexpected deaths of young athletes are most
frequently the consequence of unsuspected cardiovascular
diseases (1). However, participants in organized sports are also
subject to another risk for sudden death that occurs in the

absence of cardiovascular disease—namely, blunt, non-
penetrating, and usually innocent-appearing chest blows, trig-
gering ventricular fibrillation unassociated with structural
damage to the ribs, sternum, or heart itself (commotio cordis)
(2,3). Although the precise incidence during competitive
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and recreational sports is unknown, commotio cordis events
may be a more frequent cause of sudden death than
previously believed, and also more common than many of
the cardiovascular diseases that cause these catastrophes (1).

Knowledge of the demographics and clinical profile of
commotio cordis is based largely on information from the
U.S. Registry (Minneapolis, Minnesota) (2,3). Precordial
blows that cause commotio cordis usually are not perceived
to be unusual for the sport or activity involved, nor of
sufficient magnitude to trigger arrhythmic sudden death.
Although reported at a wide range of ages (3 months to 50
years), commotio cordis has a predilection for children and
adolescents (mean age 13 years) probably because the young
characteristically have narrow, pliable chest walls that facil-
itate transmission of energy from the chest impact to the
myocardium.

Commotio cordis occurs in a wide variety of sports, but
most commonly youth baseball (and softball), ice hockey,
football, and lacrosse, with death often caused by projectiles
that are implements of the competition. Although blows are
typically of low energy, projectiles may strike the precor-
dium with a range of velocities—paradoxically, and most
commonly, with only modest force such as a pitched
baseball striking a batter at 30 to 40 mph, but also with
high-velocity blows from hockey pucks or lacrosse balls (up
to an estimated 90 mph), and frequently with bodily contact
to the precordium such as by karate blows or collisions
between outfielders tracking a baseball in-flight. Collapse
can be instantaneous or preceded by brief periods of
consciousness and physical activity. Despite a structurally
normal heart, survival from commotio cordis is uncommon
(i-e., only 15%). However, survival from commotio cordis
has been reported with increasing frequency associated with
prompt cardiopulmonary resuscitation and defibrillation (3).
Survivors of commotio cordis should undergo a complete
cardiac evaluation including electrocardiogram (ECG),
Holter ambulatory monitoring, echocardiogram, and possi-
bly cardiac catheterization to exclude underlying structural
cardiac abnormalities.

Also, many deaths from commotio cordis occur around
the home or on the playground in informal activities related
or unrelated to recreational sports (often involving close
relatives) in which the chest impact is delivered in an
innocent fashion; for example, such events have occurred as
a result of light blows during playful “shadow boxing” or as
a remedy for hiccups (3). Unfortunately, some commotio
cordis events have even triggered criminal convictions for
manslaughter or murder (4).

A swine model that replicates commotio cordis has
provided important insights into the mechanisms responsi-
ble for the devastating electrophysiologic consequences of
these precordial blows (5-7). Determinants of ventricular
fibrillation following a chest blow include impact delivered
at a wide range of velocities directly over the heart, and
timing within a narrow 15-to-30-ms window just prior to
the T-wave peak during the vulnerable phase of repolariza-
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tion (representing only 1% of the cardiac cycle) (5-8). The
requirement for such an exquisite confluence of circum-
stances may largely explain the uncommon occurrence of
commotio cordis.

In addition, spontaneously aborted commotio cordis
events may occasionally result from blows sustained during
the QRS complex (depolarization), which trigger transient
complete heart block or nonsustained polymorphic ventric-
ular tachycardia in the animal model (5). Basic cellular
mechanisms responsible for commotio cordis are incom-
pletely understood, although selective activation of K™ rp
channels may play a pivotal role (9).

Several strategies for prevention of commotio cordis
events, including innovations in the design of sports equip-
ment, have been considered. Softer-than-normal (“safety”)
baseballs reduce risk for ventricular fibrillation under labo-
ratory conditions (5,7). Although such projectiles do not
provide absolute protection from sudden death on the
baseball field (3), nevertheless there is sufficient reason to
encourage the use of such baseballs in organized play at
appropriate ages (10). Chest barriers with proven efficacy for
youth sports (e.g., baseball, lacrosse, and hockey) have not
yet been developed, and many of the commercially available
products offer no or only incomplete protection against
provoked arrhythmias (3,11). The continued reports of
commotio cordis events during organized and recreational
sports emphasize the importance of more timely resuscita-
tive efforts, including immediate access to automated exter-
nal defibrillators (AEDs) (12,13), and also development of
preventive strategies including design of effective chest
barriers (11).

Recommendations:

1. Age-appropriate safety baseballs are recommended
for use in children up to 13 years of age.

2. Although chest wall protectors may prevent fraumatic
injury in goalies and baseball catchers, insufficient evi-
dence is available to recommend universal use of com-
mercially available chest barriers for all participants in
sports, specifically to prevent commotio cordis events.

3. AEDs should be available within 5 min after partic-
ipant collapse at sporting events.

4. Survivors of a commotio cordis with ventricular
fibrillation (or a presumed aborted event without
documented ventricular fibrillation) should undergo
a thorough cardiac evaluation, including at least
12-lead ECG, ambulatory Holter monitoring, and
echocardiogram. Standard electrophysiologic testing
and an implantable cardioverter-defibrillator are not
usually recommended.

5. Because data are lacking with regard to the suscepti-
bility for recurrent events, eligibility for returning to
competitive sports in survivors is at present a decision
left to individual clinical judgment.

doi:10.1016/j.jacc.2005.02.018
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Task Force 12: Legal Aspects of the

36th Bethesda Conference Recommendations

Matthew J. Mitten, JD, Chair

Barry J. Maron, MD, FACC, Douglas P. Zipes, MD, MACC

GENERAL CONSIDERATIONS

In 1994, when the 26th Bethesda Conference recommenda-
tions were formulated, no court had yet considered whether an
athlete with a cardiovascular abnormality could be involuntarily
excluded from a competitive sport if physicians disagreed in
their participation recommendations (1-3). However, new
data have subsequently become available, and several highly
visible cases involving the sudden deaths of elite competitive
athletes (4,5) have brought medical-legal and liability consid-
erations into prominent focus. A 1996 lawsuit brought by a
student-athlete claiming the legal right to play intercolle-
giate basketball contrary to a university team physician’s
medical recommendation has established a developing legal
framework for medical decisions regarding the eligibility or
disqualification of trained athletes with cardiovascular dis-
ease to participate in competitive sports. In this case, Knapp
vs. Northwestern University (6,7), a federal appellate court
recognized the appropriateness of a physician’s reliance on
current consensus medical guidelines when making a par-
ticipation recommendation for an athlete with a cardiovas-

cular abnormality. Consequently, judicial precedent now
provides some guidance regarding the role of the present
36th Bethesda Conference recommendations in resolving
legal issues relating to athletic participation disputes.

In the Knapp case, the court upheld Northwestern
University’s legal right to accept its team physician’s recom-
mendation, which was consistent with the then-current
26th Bethesda Conference guidelines, to medically disqual-
ify a student-athlete from playing college basketball (6).
As a high school senior, Nicholas Knapp suffered sudden
cardiac arrest while playing in an informal basketball
game, which required cardiopulmonary resuscitation and
defibrillation to restore sinus rhythm. Thereafter, he had a
cardioverter-defibrillator (ICD) implanted. He resumed
playing recreational basketball without any subsequent car-
diovascular events, and three cardiologists medically cleared
him to play college basketball.

Knapp had received a full athletic scholarship at North-
western University to play intercollegiate basketball. While
Northwestern honored Knapp’s scholarship, it barred him
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from playing on its basketball team based on the team
physician’s medical recommendation. The team physician
considered Knapp’s medical records and history, the 26th
Bethesda Conference recommendations (1), and the opin-
ions of two consulting cardiologists who concluded that
Knapp would expose himself to a medically unacceptable
risk for ventricular fibrillation during competitive athletics.

All medical experts agreed on the following facts: 1)
Knapp had suffered a cardiac arrest; 2) even with the ICD,
playing college basketball placed Knapp at a higher risk of
sudden cardiac death as compared to other male college
basketball players; 3) the ICD had never been tested under
the conditions of intercollegiate basketball; and 4) no person
currently played or had ever played college or professional
basketball after having an ICD implanted. However, the
experts disagreed whether Knapp should be medically dis-
qualified from playing intercollegiate basketball.

The trial court ruled that Northwestern should restore
Knapp’s eligibility to play on its basketball team and
mandated a courtside defibrillator and cardiologist to be
present at all games and practices. However, the appeals
court overruled that decision and held that a university has
a legal right to establish legitimate physical qualifications for
its intercollegiate athletes. Northwestern did not violate the
Rehabilitation Act of 1973, a federal law prohibiting dis-
crimination against persons with disabilities, by following
its team physician’s reasonable medical advice. An athlete
may be medically disqualified and excluded from a sport if
necessary to avoid an enhanced risk of death or serious injury
during competitive athletics that cannot be eliminated through
the use of medication, monitoring, or protective equipment.
The court explained that Northwestern’s decision to exclude
Knapp from its basketball team was legally justified:

“We do not believe that, in cases where medical experts
disagree in their assessment of the extent of a real risk of
serious harm or death, Congress intended that the courts—
neutral arbiters but generally less skilled in medicine than
the experts involved—should make the final medical deci-
sion. Instead, in the midst of conflicting expert testimony
regarding the degree of serious risk of harm or death, the
court’s place is to ensure that the exclusion or disqualifica-
tion of an individual was individualized, reasonably made,
and based upon competent medical evidence. . . . [W]e wish
to make clear that we are not saying Northwestern’s decision
is necessarily the right decision. We say only that it is not an

illegal one under the Rehabilitation Act” (6).

Knapp eventually left Northwestern and pursued collegiate
basketball at another university where the team physician
cleared him to play. Shortly thereafter, his ICD delivered an
apparently appropriate shock during a basketball game.
The present 36th Bethesda Conference recommenda-
tions update the 26th Bethesda Conference guidelines of
1994 (1) (which modified the 16th Bethesda Conference
guidelines of 1984), taking into account the most recent and
relevant developments in the diagnosis and management of
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cardiovascular disease. These new guidelines represent the
most current consensus opinion of a distinguished group of
cardiologists regarding the medical risks of participation in
competitive sports by athletes with cardiovascular abnor-
malities. Thus, we anticipate that the 36th Bethesda Con-
ference recommendations will be recognized and accepted
by physicians but also by the legal community and courts, as
the most contemporary consensus opinion of a distin-
guished expert panel of cardiologists regarding medical
eligibility and disqualification recommendations for com-
petitive athletes with cardiovascular disease.

The Knapp case recognized the appropriateness of phy-
sician reliance on current consensus guidelines in making
medical clearance recommendations. However, the court
did not rule that the 26th Bethesda Conference guidelines
would always be legally determinative in resolving athletic
participation disputes involving athletes with cardiovascular
abnormalities. Therefore, consistent with legal precedent es-
tablished by Knapp vs. Northwestern University, a physician
may justifiably consider and rely upon the updated 36th
Bethesda Conference recommendations in making medical
eligibility recommendations for competitive athletes with car-
diovascular disease. Nevertheless, the law continues to require
that these recommendations be applied on an individualized
basis rather than used to exclude categorically all competitive
athletes who have a particular cardiovascular abnormality.

The Knapp case establishes an important precedent
regarding the medical exclusion of college and high school
athletes with cardiovascular disease from intercollegiate and
interscholastic athletics, for whom sports is an avocation or
extracurricular activity incidental to one’s education (6,7). It
is presently uncertain whether this same legal framework
will be applied to resolve future participation disputes that
involve professional athletes (for whom sports is an income-
generating livelihood) (8). However, it is notable that the
U.S. Supreme Court recently held that an enhanced risk of
significant harm to personal health is a legitimate ground for
exclusion from employment (9), which suggests that the
legal framework developed in the Knapp case may be
applied to professional sports.

Currently there is no well-defined legal precedent regard-
ing a physician’s potential malpractice liability for medically
clearing an athlete with a cardiovascular abnormality to
participate in a competitive sport contrary to consensus
recommendations (10). The law generally requires a physi-
cian to have and use the current knowledge, skill, and care
ordinarily possessed and employed by members of the
medical profession in good standing. The applicable legal
standard of physician conduct is “good medical practice”
within the physician’s area of specialty practice, which
depending on the jurisdiction means either “reasonable,”
“customary,” or “accepted” medical care under the circum-
stances (10). This general standard applies to physicians
who provide cardiovascular medical treatment to a compet-
itive athlete, including evaluation of his or her medical
fitness to participate in a sport.
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Courts generally have recognized “guidelines” established
by national medical associations as evidence of good medical
practice, but they are not conclusive evidence of the stan-
dard of care (11-13). Indeed, consistent with the require-
ments of the federal disability discrimination laws as inter-
preted in the Knapp case, it is important to emphasize that
the Bethesda Conference recommendations permit the
exercise of a physician’s medical judgment in individual
cases. The recommendations do not, per se, rigidly restrict
clinical practice or medical decision making. A clinician has
the flexibility to deviate from the recommendations if he or
she believes it is in the best interests of a patient-athlete to
reach an alternative decision and strategy.

The controlling legal issue is whether adherence to (or
deviation from) consensus recommendations is consistent
with reasonable, customary, or accepted medical practice in
an individual patient’s case. Although the recommendations
of the 36th Bethesda Conference do not represent formal
guidelines endorsed by the American College of Cardiol-
ogy, they are well-considered views of a group of experts
convened to address the medical risks imposed by compe-
tition on an athlete with a cardiovascular abnormality.
Therefore, deviations from the 36th Bethesda Conference
recommendations that are nevertheless consistent with good
medical practice and are protective of an athlete’s health may be
appropriate in particular cases and do not necessarily create
physician liability for medical malpractice. Conversely, com-
pliance with the 36th Bethesda Conference recommendations
is some evidence that a physician has satisfied this legal
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requirement, and in future legal disputes may form the basis of
a successful defense against allegations of malpractice (14).

doi:10.1016/j.jacc.2005.02.019
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