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his 36th Bethesda Conference report is the result of a
onsensus conference held on November 6, 2004, in New
rleans, Louisiana. Consensus conferences are designed to

acilitate consideration of significant and timely issues re-
arding the practice of cardiovascular medicine and matters
ffecting patient care, research, and training for which
bsolute or hard data are incomplete. Appropriate organi-
ations other than the American College of Cardiology
oundation (ACCF) are invited to send representatives to
articipate in the process, as appropriate to each topic.
hese may include physicians and health care specialists as
ell as representatives from industry, government, founda-

ions, and the public sector. A report is published to
ighlight recommendations, along with dissenting opinion,

f appropriate. The recommendations set forth in this report
re those of the conference participants only and do not
The Task Force on Clinical Expert Consensus recog-
izes the importance of maintaining high ethical stan-
ards and avoiding conflicts of interests. Because the
evelopment of this conference report depends on the
nowledge and experience of its volunteers, many of
hom have relationships with industry, the policy for
riting committee members’ relationships must be real-

stic, workable, and implemented in a way that protects
he integrity of the process while allowing an open and
onest exchange of information. Therefore, the Task
orce facilitates a process for collection of disclosure
tatements of all relationships of conference participants
hat might be perceived as real or potential conflicts of
nterest relevant to the conference activity and publishes
his information with the conference report. Please refer
o the appendix of each Task Force report for author
ecessarily reflect the official position of the ACCF. disclosure information.
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he focus of this 36th Bethesda Conference is the trained
thlete with an identified cardiovascular abnormality. The
oal is to formally develop prudent consensus recommen-
ations regarding the eligibility of such individuals for
ompetition in organized sports, and to present these
onsiderations in a readily useble format for clinicians. This
ocument constitutes an update of the 16th (in 1985) (1)
nd more recent 26th (in 1994) (2) Bethesda Conferences.
nce again, we have attempted to ascertain by the consen-

us of an expert panel which cardiovascular abnormalities
and with what degree of severity) place the competitive
thlete at increased risk for sudden and unexpected death or
isease progression so as to justify medical recommenda-
ions against participation in all or certain competitive
ports, for the purpose of reducing that risk.

MPETUS FOR THE REVISION

here are several reasons to offer this revision of the 26th
ethesda Conference (2). Over the past decade, substantial
dvances have taken place in the diagnosis and management of
variety of genetic and acquired cardiovascular diseases, in the

ecognition of the causes of athletic field deaths (3–5), and in
thical and legal issues that impact medical decision making
3–7). Also, sudden cardiac deaths in competitive athletes
ontinue to be highly visible, compelling, and emotional events
ith significant liability considerations (3,6,7). These catastro-
hes are frequently subjected to intense public scrutiny largely
ecause of their occurrence in young and otherwise healthy
ppearing individuals, including elite participants in collegiate
nd professional sports (3,6,7). Such sudden deaths are known
o occur in athletes of both genders (although much more
ommonly in men by 9:1), minorities, at a wide range of ages,
nd in a broad spectrum of sports (most commonly basketball
nd football in the U.S. and soccer in Europe) (3–5). All of
hese considerations, as well as the legal decision in Knapp vs.
orthwestern, which placed the Bethesda Conference recom-
endations for the eligibility of athletes with cardiovascular

bnormalities as a precedent (6), have led to the necessity for
his revised document.

EFINITIONS

s before, we define the competitive athlete as one who

articipates in an organized team or individual sport that d
equires regular competition against others as a central
omponent, places a high premium on excellence and
chievement, and requires some form of systematic (and
sually intense) training. Therefore, organized competitive
ports are regarded as a distinctive activity and lifestyle. An
mportant component of a competitive sports activity con-
erns whether athletes are able to properly judge when it is
rudent to terminate physical exertion. For example, the
nique pressures of organized sports do not allow athletes to
emonstrate strict control over their level of exertion or
eliably discern when cardiac-related symptoms or warning
igns arise. However, the panel recognizes that this defini-
ion is most easily applied to high school, college, and
rofessional sports. Clinicians may want to use individual

udgment in defining competitive forms of physical activity
or participants in many youth sports activities, particularly
hose for children less than age 12 years.

Athletes may be regarded as competitive in many sport-
ng disciplines—at almost any age or level of participation,
ncluding involvement in high school, college, professional,
nd master’s sports (8). The recommendations in this
ocument do not apply to (and are not specifically designed
or) non-competitive recreational sports activities; such
ppropriate guidelines appear elsewhere (9). Nevertheless,
e also recognize that some practitioners will choose to

xtrapolate or translate the recommendations for competi-
ive athletes selectively to some recreational sports, and to
on-athletes with occupations that require vigorous physical
xertion (e.g., firefighters or emergency medical techni-
ians), or to cardiac rehabilitation programs.

Furthermore, it is emphasized that these Bethesda Con-
erence recommendations should not be regarded as an
njunction against physical activity in general; indeed, the
anel recognizes the well-documented health benefits of
xercise. In particular, regular recreational physical activities
hould be encouraged. Excessive and unnecessary restric-
ions could potentially create physical and psychological
urdens (particularly in young children).

REVALENCE

he prevalence of cardiovascular disease in the young
thletic population is low. Furthermore, although the pre-
ise risk of sudden cardiac death in athletes with underlying

isease is unresolved, it is also undoubtedly low (3,10).
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ndeed, the number of athletes who die of cardiovascular or
elated causes each year in the U.S. is probably less than 300,
ompared with the large number of athletes participating in

broad spectrum of organized sports (about 10 to 15
illion) of all ages in the U.S.
If sudden death in athletes is a relatively uncommon

vent, why is it regarded as a substantive medical issue? This
elates largely to the generally held perception that compet-
tive athletes represent the healthiest and most dynamic

embers of society, in whom cardiovascular sudden deaths
ecome symbolic and riveting and strike to the core of our
ensibilities. Indeed, these events are counterintuitive, and
he visibility of such catastrophes is often enhanced by their
ortrayal in the news media as public events rather than
ersonal and family tragedies (3,6,7). For elite athletes who
ften achieve celebrity status, the economic stakes may be
igh, making medical decision making even more difficult
3,6,7). For all these reasons, the sudden deaths of athletes
ave had enormous impact on the public consciousness and
ttitudes of the medical profession.

ONFERENCE DESIGN AND FORMAT

primary foundation for this 36th Bethesda Conference is
he generally accepted tenet that young trained athletes with
nderlying cardiovascular abnormalities are at increased risk
or sudden cardiac death (usually on the athletic field) (3–5),
n comparison to non-athletes with cardiovascular disease
relative risk 2.5, in one study) (11), largely by virtue of
xposure to the unique physiologic and psychologic stresses
f intense training and competition. Indeed, physical activ-
ty during training or competition appears to trigger the vast

ajority of sudden deaths in athletes (3–5). That trained
thletes may occasionally die suddenly unrelated to exercise
r significant physical activity does not negate this principle.
Task Force reports 2 to 7 of this conference document offer

pecific recommendations for the eligibility and temporary or
ermanent disqualification of trained athletes with cardiovas-
ular abnormalities and structural diseases previously impli-
ated in sudden cardiac death (or disease progression). The
ost common of these conditions in young athletes (less than

5 years of age) are hypertrophic cardiomyopathy (HCM),
ongenital coronary artery anomalies of wrong sinus origin,
yocarditis, Marfan syndrome (with aortic dissection), and

rrhythmogenic right ventricular cardiomyopathy (predomi-
antly in Italy) (3–5,11) (Table 1).
Although many of these diseases have been generally

egarded as rare, it now appears that HCM is relatively
ommon (1:500 in the general population) (12). In contrast,
therosclerotic coronary artery disease is by far the most
ommon cause of sudden death in older athletes, and
elatively uncommon in the young (3,13). We have arbitrarily
xcluded from consideration other particularly rare potential
auses of sudden death, such as heat stroke, bronchial asthma,
erebral hemorrhage, and hematologic disorders.
Other sections of this document address related areas s
uch as preparticipation screening and diagnostic strategies,
se of illicit drugs and dietary supplements, ethical and
edical-legal considerations for sports disqualification, as
ell as sudden death due to blunt non-penetrating chest
lows in the absence of heart disease (i.e., commotio cordis)
14,15).

ECOMMENDATIONS FOR
ISQUALIFICATION AND ELIGIBILITY

lthough recommendations of the 36th Bethesda Confer-
nce do not reflect policy of the American College of
ardiology Foundation, they are well considered views of a

roup of experts convened to address the medical risks
mposed by competition on an athlete with a cardiovascular
bnormality. The present consensus recommendations were
ecessarily based largely on individual and collective judg-
ents and the experience of the panel, as well as on the

vailable pertinent scientific data. Indeed, in the process of
ormulating the recommendations, the panel participants,
ho are cardiovascular authorities most comfortable with a
igh level of precision, were often required to confront areas

n 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-
ations for temporary or permanent sports disqualification
e confined to individual athletes with probable or conclu-

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

Cause
No. of

Athletes Percent

ypertrophic cardiomyopathy 102 26.4
ommotio cordis 77 19.9
oronary artery anomalies 53 13.7
eft ventricular hypertrophy of
indeterminate causation†

29 7.5

yocarditis 20 5.2
uptured aortic aneurysm (Marfan
syndrome)

12 3.1

rrhythmogenic right ventricular
cardiomyopathy

11 2.8

unneled (bridged) coronary artery‡ 11 2.8
ortic valve stenosis 10 2.6
therosclerotic coronary artery disease 10 2.6
ilated cardiomyopathy 9 2.3
yxomatous mitral valve degeneration 9 2.3
sthma (or other pulmonary condition) 8 2.1
eat stroke 6 1.6
rug abuse 4 1.0
ther cardiovascular cause 4 1.0
ong QT syndrome§ 3 0.8
ardiac sarcoidosis 3 0.8
rauma causing structural cardiac injury 3 0.8
uptured cerebral artery 3 0.8

Data are from the registry of the Minneapolis Heart Institute Foundation (3).
Findings at autopsy were suggestive of HCM but were insufficient to be diagnostic.
Tunneled coronary artery was deemed the cause of death in the absence of any other
ardiac abnormality. §The long QT syndrome was documented on clinical evaluation.
ource: Reproduced from Maron B.J. (3) with permission of the Massachusetts
edical Society.
ive evidence of disease rather than those with only border-
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ine findings or the presumption of a diagnosis. In this way,
nnecessary restrictions from sports and the stigma of a
ardiac diagnosis in healthy individuals may be minimized.

e do recognize, however, that such an approach will inevi-
ably permit an occasional athlete to participate who might
therwise be at some risk. Nevertheless, the level of importance
he individual athlete personally attaches to continuing or
esuming competitive sports is not regarded as a primary
eterminant in formulating eligibility recommendations.
The recognition by panel members that all competitive

ports do not necessarily involve identical types or intensity
f exercise is reflected in the Task Force 8: Classification of
ports. Training demands vary considerably even within the
ame sport and the intensity of conditioning regimens often
xceed that of competition itself. However, it is often
ifficult to accurately grade such differences in exercise

ntensity owing to a variety of factors, including differing
otivational attitudes and training demands. The demands

f competitive sports may place athletes with certain car-
iovascular abnormalities in extreme, unusual, and unpre-
ictable environmental conditions (associated with alter-
tions in blood volume, hydration, and electrolytes), over
hich they have limited control. These circumstances could

nhance the risk for potentially lethal arrhythmias and
udden death and unavoidably distort the reliability of
ndividualized and prospective risk stratification. Con-
ersely, it is suspected that for many athletes the removal
rom their lifestyle of athletic training and competition will
educe risk for sudden death or disease progression.

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

The present recommendations formulated with respect to
llowable levels of sports activity can be regarded as gener-
lly conservative. Certainly, this is a prudent posture to
ssume when the amount of available hard data and evi-
ence is limited in many decision-making areas, as may be
he case in portions of the 36th Bethesda Conference
ocument. The panel acknowledges that while available
ata support the principle that competition in sports is
ssociated with an increased relative risk for sudden death in
he setting of known cardiovascular disease (11), the abso-
ute risk cannot be determined with certainty in an individ-
al patient/athlete, and in fact may be low in certain
ndividuals. However, at present, additional risk-stratifying
ools are not available to independently (and more precisely)
uide many of these difficult medical decisions. Thus, it is
ossible that the recommendations of this consensus panel
ill occasionally cause some athletes to be withdrawn from

ompetition unnecessarily. This is, of course, unfortunate
ecause athletes derive considerable self-assurance, confi-
ence, physical well-being, and, even on occasion, financial

ecurity from these activities. Nonetheless, the increased risk i
f sudden death associated with intense athletic participa-
ion is a controllable risk factor, and the devastating impact
f even infrequent sudden deaths in this young population
nderscores the wisdom of the conservative nature of these
ecommendations. Indeed, various cultures harbor differing
ocietal views on the individual rights and prerogatives of
thletes to persist in their chosen lifestyle, independent of
he potential risks involved. In practice, consideration may
e given in individual athletes to changing their competitive
port from a prohibited high-intensity activity to a permis-
ible low-intensity one (i.e., usually to class IA). However,
hanging the position in which an athlete competes (e.g.,
rom running-back to place-kicker in football) to accom-
lish the same end within high-intensity team sports may
rove difficult in practical terms.
Consequently, the 36th Bethesda Conference report is

resented here in the context of measured and prudent
ecommendations—intended neither to be overly permissive
or restrictive—and which should not be regarded as an
bsolutely rigid dictum. Indeed, the managing physician
ith particular knowledge regarding a given athlete’s car-
iovascular abnormality, psychological response to compe-
ition, and other medically relevant factors may choose to
dopt somewhat different recommendations in selected
ndividuals.

PECIAL CONSIDERATIONS

hree considerations relevant to much of the document
eserve special consideration. First, medications, such as
eta-blockers commonly used to treat a variety of cardiac
iseases including systemic hypertension, HCM, long QT
yndrome, and Marfan syndrome, are likely to inhibit
erformance in trained competitive athletes (7). The use of
uch drugs in athletes cannot be regarded as either a means
f affording safety and specific protection against arrhyth-
ias, nor as a primary means for retaining eligibility in

igorous competitive sports. Furthermore, use of beta-
lockers is specifically contraindicated in some sports.
Second, the availability of a free-standing automatic

xternal defibrillator at a sporting event should not be
onsidered either as absolute protection against a sudden
eath event, a prospectively designed treatment strategy for
thletes with known cardiovascular disease, or justification
or participation in competitive sports that otherwise would
e restricted owing to underlying cardiac abnormalities and
he risk of life-threatening ventricular tachyarrhythmias.

Third, with the increased employment of the implantable
ardioverter-defibrillator (ICD) it is inevitable that increas-
ng numbers of high-risk athletes with defibrillators will
ome to recognition. Although differences of opinion exist
nd little direct evidence is available, the panel asserts that
he presence of an ICD (whether for primary or secondary
revention of sudden death) should disqualify athletes from
ost competitive sports (with the exception of low-
ntensity, class IA), including those that potentially involve
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odily trauma. The presence of an implantable device in
igh-risk patients with cardiovascular disease should not be
egarded as protective therapy and therefore a justification
or permitting participation in competitive sports that
ould otherwise be restricted. This conservative but prudent
osture is justified on the basis of the uncertainties associ-
ted with ICDs during intense competitive sports, including
he possibility that the device will not perform effectively at
eak exercise, the likelihood of a sinus tachycardia-triggered
nappropriate shock or an appropriate discharge, and the
isk for physical injury to the athlete or other competitors as
he result of an ICD shock. Also, pacemaker-dependent
thletes should not participate in most competitive sports
hat potentially involve bodily trauma.
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he present consensus panel recommendations of the 36th
ethesda Conference for eligibility and disqualification of
ompetitive athletes are predicated on the prior diagnosis of
ardiovascular abnormalities. However, the methodology by
hich these diseases are identified (including preparticipa-

ion screening) and how athletes come to evaluation for
ompetitive eligibility, may involve several scenarios. First,
thletes may be referred for assessment of clinical symptoms
r signs. Second, fortuitous recognition may occur in
outine clinical practice, triggered by findings on history and
hysical examination, such as a heart murmur. Third, young
thletes may be suspected of having cardiovascular disease
y virtue of formalized large population screening examina-
ions that are customary before participation in competitive
thletics (1).

REPARTICIPATION SCREENING

ndeed, the ultimate objective of preparticipation screening
arried out in general populations of trained athletes is the
ecognition of “silent” cardiovascular abnormalities that can
rogress or cause sudden cardiac death. Such screening
fforts have the capability of raising the clinical suspicion of
everal cardiovascular diseases—usually by virtue of a heart
urmur, regarded to be of potential clinical significance,

ardiac symptoms (e.g., exertional chest pain, dispropor-
ionate dyspnea, or impairment in consciousness), or a
amily history of heart disease or sudden unexpected death.

owever, a major obstacle to implementation of large-scale
creening in the U.S. is the substantial number of young
thletes eligible for evaluation (about 10 to 12 million) and
he rarity of the cardiac diseases capable of causing sudden
eath in this population (estimated prevalence, less than or
qual to 0.3%) (2).

Customary screening strategies for U.S. high school and
ollege athletes is confined to history-taking and physical
xamination, generally acknowledged to be limited in its
ower to consistently identify important cardiovascular
bnormalities. In one retrospective study, only 3% of trained
thletes who died suddenly of heart disease (and had been
xposed to preparticipation screening) were suspected of
arboring cardiovascular disease on the basis of history and
hysical examination—and none had been disqualified from
ompetition (3). Although most trained athletes with occult

ardiovascular disease are asymptomatic, the prior history of r
xertional-related syncope in a young athlete unavoidably
aises the consideration of a number of diseases known to
ause sudden cardiac death, including hypertrophic cardio-
yopathy (HCM) and ion-channel disorders, but in par-

icular should also heighten the level of clinical suspicion for
ongenital coronary anomalies of wrong sinus origin (4).

Furthermore, the quality of cardiovascular screening for
.S. high school and college athletes, particularly the design
f approved questionnaires, has come under scrutiny regard-
ng inadequacies (5,6) when measured against American

eart Association (AHA) recommendations (1) (Table 1).
egislation in several states allows health care workers with
astly different levels of training and expertise (including
hiropractors and naturopathic clinicians) to conduct
reparticipation sports examinations, often under subopti-
al conditions. Improvement in this screening process,

ncluding the training level of examiners, would undoubt-
dly result in a greater number of athletes identified with
reviously unsuspected but clinically relevant cardiovascular
bnormalities. Indeed, development and dissemination of a
tandardized and uniform national preparticipation history
nd physical examination form for medical screening in all
igh schools and colleges (which incorporates the AHA
ecommendations) would be the most practical approach for
chieving this goal.

Certainly, the diagnosis of genetic diseases, such as
CM, arrhythmogenic right ventricular cardiomyopathy

ARVC), long QT and Brugada syndromes, and other
nherited arrhythmia syndromes in asymptomatic patients
as now taken on even greater relevance. This is because

ndividuals judged to be at sufficiently high-risk may be
ligible for primary prevention of sudden cardiac death with
n implantable cardioverter-defibrillator (7,8).

Conversely, in Italy, for the past 25 years, a formal
ational preparticipation screening and medical clearance
rogram has been mandated for young competitive athletes
n organized sports programs (9,10). The Italian system is
nique by virtue of requiring annual evaluations that rou-
inely include a 12-lead electrocardiogram (ECG) as well as

history and physical examination; the ECG itself has
roven most useful in the identification of many previously
ndiagnosed athletes with HCM (10). However, such
creening efforts may be complicated by the substantial
roportion of false-positive test results that potentially

epresent a major burden to athletes, their families, and the
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esting facilities. Obstacles in the U.S. to implementing
bligatory government-sponsored national screening in-
luding ECGs or echocardiograms are the particularly large
opulation of athletes to screen, major cost-benefit consid-
rations, and the recognition that it is impossible to abso-
utely eliminate the risks associated with competitive sports
1,2). Nevertheless, some volunteer-based small-scale
creening programs using portable echocardiograms to ex-
mine high-school athletes on the field for HCM have
merged.

Systematic preparticipation cardiovascular screening, pri-
arily to exclude atherosclerotic coronary artery disease in

lder athletes, is not customary practice. Such persons are
argely participants in individual athletic activities such as
oad and marathon racing, or in a variety of other organized
aster’s sports (11).

IAGNOSTIC TESTING STRATEGIES

hen a cardiovascular abnormality is initially suspected (by
ormal screening or otherwise), the diagnostic strategy
hould focus on the systematic exclusion of those conditions
nown to cause sudden death in young athletes; these
pproaches include echocardiography, ECG, history, and
hysical examination. Additional noninvasive (and invasive)
esting with cardiac magnetic resonance imaging (CMR),
xercise testing, ambulatory Holter ECG recording, im-
lanted loop recorder, tilt table examination, or electro-
hysiologic testing with programmed stimulation can be
onsidered in selected patients. Diagnostic myocardial bi-
psies are used only selectively in athletes suspected clini-
ally of myocarditis.

Despite considerable assembled data regarding DNA-
ased diagnosis over the past decade, identification of
enetic cardiovascular diseases such as HCM, long QT
yndrome, and other ion-channel disorders, ARVC, and

arfan syndrome continues to be made through clinical

able 1. AHA Consensus Panel Recommendations for
reparticipation 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
entricular outflow. From Maron BJ, et al. Circulation 1996;94:850–6, reprinted with
ermission of the American Heart Association.
esting in the vast majority of cases, and this will remain so n
n the foreseeable future. At present, genetic testing is not
asily available on a routine clinical basis for most genetic
eart diseases, or for application to large athletic popula-
ions given the expensive and complex methodologies in-
olved and the genetic heterogeneity characteristic of these
iseases (12).
chocardiography. Two-dimensional echocardiography is

he principal diagnostic imaging modality for clinical iden-
ification of HCM by demonstrating otherwise unexplained
nd usually asymmetric left ventricular (LV) wall thickening
12,13). In this regard, a maximal LV end-diastolic wall
hickness of 15 mm or more (or on occasion, 13 or 14 mm)
s the absolute dimension generally accepted for the clinical
iagnosis of HCM in an adult athlete (two or more standard
eviations from the mean relative to body surface area;
-score of two or more in children) (12,13); however, any
pecific LV wall thickness (including normal) is theoretically
ompatible with the presence of a mutant HCM gene
12,14). Echocardiography would also be expected to detect
nd define other specific and relevant congenital structural
bnormalities associated with sudden death or disease pro-
ression in young athletes such as valvular heart disease
e.g., mitral valve prolapse and aortic valve stenosis), aortic
oot dilatation and mitral valve prolapse in Marfan or
elated syndromes, and LV dysfunction and/or enlargement
evident in myocarditis and dilated cardiomyopathy). Such
iagnostic testing requires interpretation by physicians
rained in echocardiography, but cannot guarantee full
ecognition of all relevant lesions, and some important
iseases may escape detection despite expert screening
ethodology. For example, the HCM phenotype may not

e evident when echocardiography is performed in the
re-hypertrophic phase (i.e., a patient less than 14 years
f age) (12). Annual serial echocardiography is recom-
ended in HCM family members throughout adoles-

ence (12,14).
lectrocardiography. The 12-lead ECG may be of use in

he diagnosis of cardiovascular disease in young athletes,
nd has been promoted as a practical and cost-effective
trategic alternative to routine echocardiography for
opulation-based preparticipation screening. For example,
he ECG is abnormal in up to 75% to 95% of patients with

CM, and often before the appearance of hypertrophy
12). The ECG will also identify many individuals with the
ong QT, Brugada, and other inherited syndromes associ-
ted with ventricular arrhythmias. It raises the suspicion of
yocarditis by premature ventricular complexes and ST-T

bnormalities, or ARVC by T-wave inversion in leads V1
hrough V3 and low amplitude potentials (epsilon waves)
1,2). Of note, however, a not inconsequential proportion of
enetically affected family members with long QT syn-
rome may not express QT interval prolongation, and ECG
bnormalities are usually absent in random recordings from
atients with congenital coronary artery anomalies (4).
ther tests. In those cases in which the echocardiogram is
ormal or borderline for LV hypertrophy, but a suspicion
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or HCM persists (often due to an abnormal 12-lead ECG),
MR may be useful in clarifying wall thickness or detecting

egmental areas of hypertrophy in selected regions of the LV
hamber which may be more difficult to image reliably with
onventional echocardiography, such as anterolateral free
all or apex (15,16).
Definitive identification of congenital coronary artery

nomalies of wrong sinus origin usually requires sophisti-
ated laboratory imaging, including multi-slice computed
omography or coronary arteriography. However, in young
thletes it is possible to raise the suspicion of these malfor-
ations with transthoracic or transesophageal echocardiog-

aphy or CMR imaging. Often, ARVC cannot be diag-
osed reliably with echocardiography, and CMR is probably
he most useful noninvasive test for identifying the struc-
ural abnormalities in this condition (i.e., right ventricular
nlargement, wall motion abnormalities, adipose tissue re-
lacement within the wall, and aneurysm formation); how-
ver, CMR is not an entirely sensitive or specific diagnostic
odality in ARVC (17).

THLETE’S HEART AND CARDIOVASCULAR DISEASE

ystematic training in endurance or isometric sports may
rigger physiologic adaptations and structural cardiac re-
odeling, including increased LV wall thickness, enlarged

entricular and atrial cavity dimensions, and calculated
ardiac mass, in the presence of normal systolic and diastolic
unction (i.e., athlete’s heart) (18). The magnitude of
hysiologic hypertrophy may also vary according to the
articular type of sports training. Other adaptations to
raining include a variety of abnormal 12-lead ECG pat-

igure 1. Gray area of overlap between athlete’s heart and cardiomyo
rrhythmogenic right ventricular cardiomyopathy (ARVC). ECG � e
003;349:1064–75, with permission of Massachusetts Medical Society (2)
erns in about 40% of elite athletes, which not infrequently m
imic those of cardiac disease (i.e., increased R- or S-wave
oltages, Q waves, and repolarization abnormalities) (19).
requent and/or complex ventricular tachyarrhythmias on
mbulatory (Holter) ECG are not uncommonly found in
thletes and can also mimic certain cardiac diseases, includ-
ng myocarditis (20).

Clinical distinctions between physiologic athlete’s heart
nd pathologic conditions (18–23) have critical implications
or trained athletes, because cardiovascular abnormalities
ay trigger disqualification from competitive sports to

educe the risk of sudden death or disease progression. An
ver-diagnosis may lead to unnecessary restrictions, depriv-
ng athletes of the psychological, social, or possibly (in some
lite athletes) economic benefits of sports (2).

Morphologic adaptations of athlete’s heart can closely
esemble certain cardiovascular diseases and lead to a dif-
erential diagnosis with HCM, dilated cardiomyopathy, and
RVC (2) (Fig. 1). Such clinical dilemmas not infrequently

rise when cardiac dimensions fall outside clinically ac-
epted partition values. For example, 2% of highly trained
dult male athletes show relatively mild increases in LV wall
hickness (13 to 15 mm) and 15% have LV cavity enlarge-
ent greater than or equal to 60 mm (2,21,22); both fall

nto a borderline and inconclusive “gray zone” for which
xtreme expressions of benign athlete’s heart and mild
orphologic forms of cardiomyopathy overlap (2,22,23).

ndeed, the two most common clinical scenarios encoun-
ered that unavoidably generate ambiguous diagnoses in
rained athletes are: 1) differentiating HCM from athlete’s
eart in athletes with an LV wall thickness of 13 to 15 mm,
on-dilated and normally contractile LV, and absence of

ies, including myocarditis, hypertrophic cardiomyopathy (HCM), and
cardiogram; LV � left ventricular. From Maron BJ, N Engl J Med
path
lectro
.

itral valve systolic anterior motion; and 2) differentiating



e
h
m
5

m
i
r
o
o

C
a

T

1

1

1

1

1

1

1

1

F
c
(
1
o
b
w
o
h
m
b
v
t
p
e
a
w

1325JACC Vol. 45, No. 8, 2005 Maron et al.
April 19, 2005:1322–6 Task Force 1: Preparticipation Screening and Diagnosis
arly presentation of dilated cardiomyopathy from athlete’s
eart with LV end-diastolic cavity dimension 60 mm or
ore with low-normal LV function (i.e., ejection fraction of

0% to 55%).
Such cases with diagnostic uncertainty are not uncom-
on and may be resolved in many athletes by a number of

ndependent noninvasive clinical parameters, including the
esponse of cardiac mass to short periods of deconditioning,
r assessment of diastolic filling (22) (Fig. 2). Clarification

igure 2. Chart showing criteria used to favor or distinguish hypertrophic
ardiomyopathy (HCM) from athlete’s heart when maximal left ventricular
LV) wall thickness is within shaded gray zone of overlap (i.e., 13 to
5 mm), consistent with both diagnoses. *Assumed to be the non-
bstructive form of HCM (under resting conditions) in this discussion
ecause the presence of substantial mitral valve systolic anterior motion
ould confirm the diagnosis of HCM in the athlete. †May involve a variety
f abnormalities, including heterogeneous distribution of left ventricular
ypertrophy (LVH) in which asymmetry is prominent and adjacent regions
ay show greatly different thicknesses with sharp transitions evident

etween segments, as well as unusual patterns in which the anterior
entricular septum is spared from the hypertrophic process and LV
hickening may be in posterior portion of septum or anterolateral or
osterior free wall or apex. ‡Assessed with cardiopulmonary (metabolic)
xercise testing. 2 � decreased; ECG � electrocardiogram; LA � left
trial. From Maron BJ, et al. Circulation 1995;91:1596–601, reprinted
ith permission of the American Heart Association (22).
f such diagnostic ambiguities may also be achieved with
MR imaging, genotyping, and serial acquisition of clinical
nd morphologic evidence over time.

doi:10.1016/j.jacc.2005.02.007
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ask Force 2: Congenital Heart Disease
homas P. Graham, JR, MD, FACC, Chair
avid J. Driscoll, MD, FACC, Welton M. Gersony, MD, FACC,
i, MD, Jeffrey A. Towbin, MD, FACC
ENERAL CONSIDERATIONS

he most common congenital heart lesions that have been
ssociated with sudden death during sports participation are
ypertrophic cardiomyopathy, coronary artery anomalies,
arfan syndrome, and aortic valve disease (1–3). Less

ommon lesions include complex defects, such as transpo-
ition and single ventricle, and those with associated pul-
onary vascular disease.
The recommendations presented are intended to provide

road guidelines for patients with congenital heart defects
4). When questions about the safety of sports participation
rise, there is no substitute for a comprehensive evaluation
y a knowledgeable and experienced physician. Exercise
esting can be useful, particularly if symptoms, the electro-
ardiogram (ECG), and blood pressure are monitored
uring conditions that simulate the sport in question.
rrhythmias discussed in this Task Force are usually iden-

ified by exercise testing or some form of long-term moni-
oring (including ambulatory Holter and event recording).
erial evaluations may be required because of changing
YPES OF CONGENITAL DEFECTS

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

ecommendations:

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

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

. 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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. 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.

SD— closed at operation or by interventional catheter-
zation. The ASDs usually are completely closed by oper-
tion or device insertion. When closure is performed in
hildhood there is little or no residual right ventricular
nlargement. Supraventricular arrhythmias can occur after
losure and are more common when the defect is repaired
ater in life (5–7). Evaluation should include an estimate of
ardiac performance, pulmonary vascular resistance and
ight ventricular size, and a search for conduction or rhythm
isturbances. A chest radiograph, ECG, and echocardio-
ram usually are needed. Patients with preoperative pulmo-
ary hypertension, a right-to-left shunt, or both, before
peration require postoperative assessment of pulmonary
rtery pressure with Doppler echocardiography or cardiac
atheterization.

ecommendations:

. 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.

. 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.

entricular septal defect (VSD)— untreated. The VSDs
re categorized as small, moderate, or large. If physical
xamination and echocardiography indicate normal heart
ize and normal pulmonary artery pressure in patients with
suspected small VSD, further evaluation is not required.
A patient with a VSD that does not fit into the small

efect category may require further investigation. Cardiac
atheterization might be required.

A moderate-sized defect with low pulmonary vascular resis-
ance will have a pulmonary/systemic flow ratio of about 1.5 to
.9. A large defect with low or mildly increased pulmonary
ascular resistance is defined as a pulmonary/systemic flow
atio greater than or equal to 2 and pulmonary resistance less
han 3 U/m2. Large right-to-left shunts are discussed in the

ection entitled Elevated Pulmonary Resistance.
ecommendations:

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

. 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.

SD— closed at operation or by interventional catheter-
zation. Successful repair is characterized by the absence of
ymptoms, absence of significant shunt, cardiomegaly, or
rrhythmias, and the presence of normal pulmonary artery
ressure. Minimal diagnostic evaluation after surgery before
articipation in sports includes a chest radiograph, ECG,
nd echocardiogram. Patients with residual left or right
entricular enlargement, myocardial dysfunction, or pulmo-
ary hypertension may require an exercise test or cardiac
atheterization before a decision for participation in sports
an be made.

ecommendations:

. 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.

. 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.

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

atent ductus arteriosus (PDA)— untreated. The patient
ith a small PDA has a characteristic murmur, absence of

ymptoms, and normal left heart chamber dimensions.
hose with a larger patent ductus have cardiomegaly and
idened pulse pressure. There may be evidence of pulmo-
ary hypertension. Minimal diagnostic studies generally

nclude echocardiography.

ecommendations:

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

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

DA, closed at operation or by interventional catheter-
zation. A successful result is characterized by the absence
f symptoms, a normal cardiac examination, and normal
cho/Doppler study.

ecommendations:

. 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.

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

ulmonary valve stenosis (PS)— untreated. Mild stenosis
s characterized by a systolic ejection murmur, variable
jection click, and a normal ECG. A Doppler peak in-
tantaneous gradient less than 40 mm Hg usually indicates
ild stenosis, 40 to 60 mm Hg moderate stenosis, and

reater than 60 mm Hg severe stenosis. Most patients with
gradient 50 mm Hg or greater undergo balloon

alvuloplasty.

ecommendations:

. 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.

. 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.

S—treated by operation or balloon valvuloplasty. Ad-
quate relief of PS is characterized by the absence or
mprovement in symptoms, an improved physical examina-
ion, and Doppler study showing mild or no residual
radient and mild or no pulmonary valvular regurgitation.

ecommendations:

. Athletes with no or only residual mild PS and normal
ventricular function without symptoms can partici-
pate in all competitive sports. Participation in sports

Table 1. Definitions of Mild, Moderate, and S

Peak-to-Peak Systolic
Gradient (Catherization)

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

*Gradients obtained from apical window usually most predic
can begin two to four weeks after balloon valvulo-
plasty. After operation, an interval of approximately
three months is suggested before resuming sports
participation.

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

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

ortic valve stenosis (AS)— untreated. This section dis-
usses congenital valvular AS in young patients; AS in
dults is addressed in Task Force 3. Differentiation between
ild and either moderate or severe AS is accomplished by

hysical examination, ECG, and Doppler echocardiogra-
hy. The distinction between moderate or severe stenosis is
ore difficult and may require cardiac catheterization in rare

ituations when clinical examination, ECG, echocardiogra-
hy, and/or other data are discrepant. Patients with a
istory of fatigue, light-headedness, dizziness, syncope,
hest pain, or pallor on exercise deserve a full evaluation,
hich may include cardiac catheterization and exercise

esting. Because AS may progress, periodic re-evaluation is
eeded. Sudden death is more likely to occur in patients
ith severe LV hypertrophy, exertional syncope, chest pain
r dyspnea and a LV strain pattern on the ECG. Between
pproximately 20% and 80% of sudden deaths in patients
ith severe AS have been found to occur on physical

xertion (2,8).
For the purpose of these recommendations, Table 1

ummarizes the definitions of mild moderate and severe AS.
t should be emphasized that virtually all patients classified
s moderate or severe AS would be expected to have left
entricular hypertrophy by echocardiography.

ecommendations:

. 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.

. 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:
• Mild or no LV hypertrophy by echocardiography

Aortic Stenosis

n Echo Doppler
radient (CW)

Peak Instantaneous Echo
Doppler Gradient (CW)*

an 25 mm Hg less than 40 mm Hg
40 mm Hg 40 to 70 mm Hg
r than 40 mm Hg greater than 70 mm Hg

f catheter gradient.
evere

Mea
G

less th
25 to
greate
and the absence of LV strain pattern on the ECG.
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• 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.

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

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

The criteria in this section also apply to athletes with
iscrete (membranous) subaortic stenosis and supravalvular
ortic stenosis.
ortic stenosis—treated by operation or balloon valvu-

oplasty. After operation, a variable degree of residual
tenosis or regurgitation, or both, can be present. Re-
valuation by physical examination, ECG, and echocardi-
graphy is necessary for reassessment. In addition, exercise
tress testing or catheterization, or both, can be required for
atients whose physiologic and anatomic severity cannot
therwise be determined.

ecommendations:

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

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

. 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.

oarctation of the aorta— untreated. This abnormality is
haracterized by obstruction usually present in the juxtaduc-
al or juxtaligamental area. Severity is assessed by the arm
nd leg pressure gradient, physical examination, exercise
esting, echocardiographic/Doppler studies, and cardiac
agnetic resonance (CMR) studies. Virtually all patients,

xcept those with mild coarctation, will undergo either
urgical repair or balloon dilation/stenting.

ecommendations:

. 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 t
mm Hg or less with exercise can engage in all
competitive sports.

. 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.

oarctation of the aorta—treated by surgery or balloon
ngioplasty. The majority of patients will have coarctation
epair or balloon arterioplasty performed during childhood.
fter repair, abnormalities can persist, such as a mild

esidual gradient, ventricular hypertrophy, systemic hyper-
ension, and residual obstruction evident on exercise (9,10).
efore a decision for participation, minimal diagnostic

tudies, including a chest radiograph, ECG, exercise testing,
nd echocardiographic evaluation of LV function and aortic
natomy, should be done. Magnetic resonance imaging can
e useful to document residual anatomical abnormalities,
ortic dilation, or aneurysm formation.

ecommendations:

. 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.

. 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.

. 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,
IIIB, and IIIC).

. 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).

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

Patients who have suspected elevated pulmonary artery
ressure after operation or interventional catheterization for
hunt lesions should be evaluated by echocardiography
nd/or cardiac catheterization before engaging in competi-

ive athletics.
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ecommendations:

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

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

entricular dysfunction after cardiac surgery. Left
nd/or right ventricular dysfunction can occur after
urgical treatment of both simple and complex congenital
eart diseases and affect exercise performance. Periodic
ssessment of ventricular function is required for partic-
pation in sports because ventricular function may dete-
iorate over time.

ecommendations:

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

. 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).

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

yanotic congenital cardiac disease— unoperated. Cya-
otic congenital heart disease is associated with exercise

ntolerance and progressive hypoxemia with increasing ef-
ort. Patients are unlikely to engage in competitive sports
ecause of their own self-limiting activity. There are rare
atients with cyanotic congenital heart disease (such as
ulmonary stenosis or mildly elevated pulmonary vascular
esistance plus atrial or ventricular defects) who reach
dolescence or even adult life with mild cyanosis at rest and
hortness of breath only with exercise. These patients may
xperience a profound increase in cyanosis during sports
articipation.

ecommendation:

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

ostoperative palliated cyanotic congenital heart disease.
alliative surgical intervention can be performed to increase
ulmonary blood flow in patients with decreased flow or to

imit blood flow in those with excessive flow. Often these
atients have significant relief of symptoms at rest, but
rterial desaturation during exercise frequently persists.

ecommendation:

. Patients can participate in low-intensity competitive
sports (class IA), provided that the following criteria

are met: g
• Arterial saturation remains above approximately
80%

• Tachyarrhythmias associated with symptoms of
impaired consciousness not present

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

ostoperative tetralogy of Fallot (T/F). The current treat-
ent for T/F is early repair, and patients have varying degrees

f pulmonary stenosis and mild/moderate pulmonary insuffi-
iency. Diagnostic evaluation usually includes physical exami-
ation, chest radiograph, echocardiography, CMR, ambula-
ory ECG monitoring, and exercise testing. Cardiac
atheterization and/or exercise testing may be required for
omplete evaluation in selected patients, particularly those with
ignificant cardiomegaly and/or symptoms. Patients with im-
ortant residual abnormalities, such as a significant left-to-
ight shunt, right ventricular hypertension, moderate-to-severe
ulmonary regurgitation, or right ventricular dysfunction, who
lso have a history of syncope and/or arrhythmia, may be at risk
or sudden death (11).

ecommendations:

. Athletes with an excellent repair should be allowed to
participate in all sports, providing that the following
criteria are met:
• Normal or near-normal right heart pressure
• No or only mild right ventricular volume overload
• No evidence of a significant residual shunt
• No atrial or ventricular tachyarrhythmia abnor-

mality on ambulatory ECG monitoring or exercise
testing

. 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).

ransposition of the great arteries (TGA)—post-
perative Mustard or Senning operation. Patients who
ave had atrial repair of TGA can have significant hemo-
ynamic abnormalities including impaired systemic venous
eturn, abnormal right ventricular (systemic ventricular)
unction, pulmonary stenosis or pulmonary hypertension,
bnormalities of pulmonary venous return, tricuspid insuf-
ciency, and significant atrial or ventricular arrhythmias
12). After atrial repair, the right ventricle is subjected to
ystemic pressure, and because of the intrinsic properties of
he right ventricle its reserve is believed to be less than that
f the left ventricle. The consequences of hypertrophy and
ilation in a trained athlete after an otherwise excellent atrial
epair of transposition are unknown. Evaluation before
raining and competition in moderate- and low-intensity
ports should include history and examination, chest radio-

raph, ECG, echocardiogram, CMR, ambulatory ECG
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onitoring, and exercise testing. For patients in whom data
re unclear with regard to hemodynamic abnormalities or
entricular function, cardiac catheterization may be
ecessary.

ecommendations:

. Selected patients can engage in low and moderate
static/low dynamic competitive sports (classes IA and
IIA) provided there is:
• Mild or no cardiac chamber enlargement on chest

radiograph, echocardiography, or CMR
• No history of atrial flutter, supraventricular tachy-

cardia, or ventricular tachyarrhythmia
• No history of syncope or other cardiac symptoms
• A normal exercise test defined as normal duration,

workload, heart rate, ECG, and blood pressure
response for age and gender.

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

ostoperative arterial switch for TGA. A significant co-
ort of patients have had arterial switch repair of TGA and
re now old enough to engage in competitive sports. These
atients have a low prevalence of ventricular dysfunction,
rrhythmia with symptoms, and hemodynamic sequelae
with the possible exception of pulmonary artery or anasto-
otic stenosis and neoaortic root dilation). Only limited

xercise data are available.

ecommendations:

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

. 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.

ongenitally corrected transposition of the great arteries
CCTGA). Usually, CCTGA is associated with other
ongenital malformations of the heart, such as ventricular
eptal defect, pulmonary stenosis, and systemic AV valve
bnormalities, which may dictate the level of participation
n competitive sports. These patients are at risk for devel-
pment of supraventricular tachycardia and spontaneous
V block.

ecommendations:

. 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).
. 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.

ostoperative Fontan operation. The Fontan operation is
haracterized by systemic venous return bypassing the right
entricle. The operation is used for the long-term palliation
f patients with tricuspid atresia or other complex types of
ingle ventricle. Although many patients improve clinically
fter the Fontan operation, they usually have limited exer-
ise capacity and reduced cardiac output at rest and during
xercise (13). Postoperative arrhythmias have been associ-
ted with significant morbidity and mortality. Diagnostic
valuation before sports participation should include a chest
adiograph, ECG, echocardiography or CMR, and exercise
esting with oxygen saturations.

ecommendations:

. Athletes can participate in low-intensity competitive
sports (class IA).

. Athletes can engage in class IB sports if they have
normal ventricular function and oxygen saturation.

bstein’s anomaly. A great deal of variability exists in the
everity of this malformation, which is characterized by
ariable degrees of tricuspid regurgitation and right-heart
nlargement caused by a malformed and displaced tricuspid
alve. Cyanosis may be present due to atrial right-to-left
hunting. Even mild cases may be associated with important
rrhythmias. Severe cases can be associated with physical
isability and increased risk for sudden death with exercise.

ecommendations:

. 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.

. 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.

. 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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ongenital coronary artery anomalies. Congenital coro-
ary anomalies of wrong sinus origin are the second most
ommon cardiovascular cause of sudden death in young
thletes (1). The most common of these malformations is
nomalous origin of the left main coronary artery from the
nterior (right) sinus of Valsalva, with an acute angled bend
oursing between the pulmonary trunk and the anterior
spect of the aorta (14,15). Rare cases of anomalous origin
f the right coronary artery from the left coronary sinus,
ongenitally hypoplastic coronary arteries, and anomalous
rigin of the left main coronary artery from the pulmonary
runk have also been associated with sudden cardiac death
uring exercise (1). Identification of these anomalies during

ife can be difficult because patients often do not experience
arning symptoms, and rest and exercise ECGs are usually
ormal. Coronary anomalies should be considered in ath-

etes with exertional syncope or symptomatic ventricular
rrhythmia and should be investigated using appropriate
tudies such as echocardiography, CMR, or ultrafast com-
uted tomography imaging. Coronary arteriography is in-
icated if other studies are not diagnostic. Surgery is usually
erformed when the diagnosis is made (16).

ecommendations:

. 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.

. 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.

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

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

awasaki disease. Kawasaki disease, an acute, self-limited
asculitis of unknown etiology, is now the most common
ause of acquired heart disease in children in the U.S. (17).
oronary artery aneurysms develop in approximately 20% of
ntreated children and in 4% of those treated with high-
ose intravenous gammaglobulin in the acute phase (18).
oronary aneurysms, together with progressive coronary

rtery stenosis, can lead to ischemic heart disease, MI, or
udden death (19). Because coronary artery morphology
volves over time, the risk of exercise for the individual
atient may change. Patients without coronary artery
hanges on echocardiography at any stage of the illness
ppear to have risk for ventricular tachyarrhythmias and
udden death similar to that of the normal population in the
rst 20 years after illness onset (19). When aneurysms
egress to normal lumen diameter, structural and functional

oronary abnormalities persist (20). Arteries with persistent
neurysmal morphology may develop stenoses or occlusion,
ncreasing the risk of myocardial ischemia (21). The risk
ssociated with competitive sports in individuals who have
ad Kawasaki disease depends upon the degree of coronary
rtery involvement. Of note, because of the general cardio-
ascular benefits of exercise, all patients with Kawasaki
isease should avoid a sedentary lifestyle.

ecommendations:

. 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.

. 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.

. 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.

. 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.

. 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.

. 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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ENERAL CONSIDERATIONS

he following valvular disorders are considered here in the
ontext of competitive athletes: mitral stenosis (MS), mitral
egurgitation (MR), aortic stenosis (AS), aortic regurgita-
ion (AR), tricuspid regurgitation (TR), tricuspid stenosis,
nd multivalvular disease. Recommendations are also pro-
ided for patients who have undergone valve repair or
eplacement.

The diagnosis of valvular heart disease usually can be
ade on the basis of the characteristic murmurs and

ssociated findings on physical examination. Estimation of
he severity of valvular disease is more difficult. In athletes,
here secondary gain in denying symptoms is likely, the
istory may be unreliable. In truly asymptomatic patients,
everity can usually be determined from the physical exam-
nation and Doppler echocardiography. Additional testing
s often not necessary, but the electrocardiogram (ECG) and
hest radiograph can also aid in assessing severity, and
adionuclide angiography or cardiac magnetic resonance are
elpful in assessing left ventricular (LV) function when the
chocardiogram is of suboptimal quality.

Doppler echocardiography is the most important diag-
ostic test for valvular heart disease and is generally reliable

n distinguishing the severity of the lesion and assessing
emodynamics and ventricular compensation. Although
ery sensitive in identifying regurgitant jets, quantitation
an be more difficult. Recent guidelines have provided
ecommendations for quantifying valvular regurgitation (1).
nly rarely are cardiac catheterization and angiography

ecessary to determine the hemodynamic severity of valvular
esions.

Valvular regurgitation is frequently detected in normal
ubjects, including those without murmurs. With pulsed
oppler echocardiography, TR has been reported in 24% to

6% of normal subjects, MR in 10% to 40%, pulmonic
egurgitation in 18% to 92%, and AR in 0% to 33% (2,3). In
thletes, the prevalence of valvular regurgitation detected by
oppler is even higher, with at least one regurgitant jet

ound in greater than 90% of subjects and triple-valve
egurgitation in 20% (4). The vast majority of these jets
epresents a trivial regurgitant volume and is of no clinical
ignificance.

Although considerable information exists concerning the
atural history, development of symptoms, importance of
V function, and indications for surgical or catheter-based

ntervention in patients with valvular heart disease (5), there
re few data with regard to the rate of progression of the
alvular disease (especially in those exercising vigorously) or

actors that influence the rate of progression. The rate of v
rogression of aortic stenosis is highly variable among
ndividuals and difficult to predict (6). Chronic MR may
ncrease in severity with time but is more likely to do so in
atients who experience a new chordal rupture and flail
itral leaflet (7). Little is known about the influence of

trenuous exertion on the progression of ventricular dys-
unction, especially when that exertion is periodic in nature.

hen valvular disease coexists with another cardiovascular
bnormality, such as arrhythmias or coronary artery disease
CAD), recommendations with regard to eligibility for
ports should be based on the most restrictive of these
uidelines.

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

ITRAL STENOSIS

he etiology of MS is almost always rheumatic. Most patients
ith significant MS will be sufficiently symptomatic that
articipation in competitive sports is not an issue, but patients
ith mild-to-moderate MS may be asymptomatic even with

trenuous exercise. Although MS rarely causes sudden death,
xercise (with an increase in heart rate and cardiac output) can
ause sudden marked increases in pulmonary capillary and
ulmonary artery pressures, at times resulting in sudden acute
ulmonary edema (8). Furthermore, the long-term effect of
epeated exertion-related increases in pulmonary artery wedge
nd pulmonary artery pressures on the lungs or right ventricle
s unknown. The effect of even periodic strenuous exercise on
he likelihood of developing atrial fibrillation is also not known.

hen atrial fibrillation occurs, even patients with mild MS
ust be anticoagulated. The aforementioned considerations
ust be understood by the patient and the family in consid-

ring participation in strenuous competitive activity. Another
roblem associated with MS is systemic embolization, occur-
ing most commonly in the presence of atrial fibrillation, but
here is no evidence that this potential complication is pro-

oked by strenuous exercise.
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valuation. Clues regarding the hemodynamic severity of
S may often be obtained from the history, physical

xamination, ECG, and chest radiograph, but accurate
oninvasive assessment of severity requires two-dimensional
nd Doppler echocardiography (9). In patients with MS and
inimal or no symptoms who wish to engage in competitive

ports, exercise stress testing should be performed to at least
he level of activity approximating the exercise demands of
he sport, particularly when there is a question as to the
everity of the MS. In addition, pulmonary artery systolic
ressure during exercise can be estimated noninvasively by
oppler echocardiography and may be helpful in making a

ecision as to how much activity is safe, even if the severity
f MS in an individual patient is estimated to be only mild
5). If this is not practical or possible, then right heart
atheterization with exercise can be performed to measure
he pulmonary capillary wedge pressure and pulmonary
rtery pressure.

Hemodynamic severity of MS can be categorized as
ollows: mild � mitral valve area greater than 1.5 cm2,
xercise pulmonary artery wedge pressure less than or equal
o 20 mm Hg, or rest pulmonary artery systolic pressure less
han 35 mm Hg; moderate � mitral valve area 1.0 to 1.5
m2, exercise pulmonary artery wedge pressure less than or
qual to 25 mm Hg, or rest pulmonary artery systolic
ressure less than or equal to 50 mm Hg; severe � mitral
alve area less than 1.0 cm2, exercise pulmonary artery
edge pressure greater than 25 mm Hg, or rest pulmonary

ystolic pressure greater than 50 mm Hg.

ecommendations:

. 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.

. Athletes with moderate MS (as previously defined),
either in sinus rhythm 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]).

. 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.

. 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. o
ITRAL REGURGITATION

itral regurgitation, unlike MS, has a variety of etiologies,
he most common of which is mitral valve prolapse (myx-
matous mitral valve). Other common causes are rheumatic
eart disease, infective endocarditis, CAD, connective tissue
iseases (such as Marfan syndrome), and dilated cardiomy-
pathy. The recommendations outlined in this section are
or patients with primary valvular MR rather than MR
econdary to CAD or other conditions causing LV dilation
see Task Force 4: HCM and Other Cardiomyopathies,

itral Valve Prolapse, Myocarditis, and Marfan Syndrome,
nd Task Force 6: Coronary Artery Disease).
valuation. Mitral regurgitation can be detected by the

haracteristic physical findings and confirmed by Doppler
chocardiography. The severity of the MR is related to the
agnitude of the regurgitant volume, which results in LV

ilation and increased left atrial pressure. The increased LV
iastolic volume enhances total LV stroke volume enough to
ccommodate the regurgitant volume and to maintain the
orward stroke volume within normal limits. The low
mpedance presented by regurgitation into the left atrium
nloads the left ventricle during ventricular systole, such
hat measures of LV pump function (e.g., ejection fraction)
end to overestimate true myocardial performance (10).

The severity of chronic MR can be adequately judged by
oninvasive techniques, principally two-dimensional and
oppler echocardiography. The larger the jet area, and the
ider the jet at its origin above the valve, the more severe

he regurgitation. The entry of the jet into the atrial
ppendage or pulmonary vein or systolic reversal of the flow
n pulmonary veins are all indicators of severity. Various

easures of the severity of MR have been described (1,11).
n some patients with eccentric jets or those impinging on
he atrial wall, the assessment may be difficult (1). Gener-
lly, the LV diastolic volume reflects the severity of chronic

R. However, it should be noted that the upper limit of normal
V size is increased in the healthy, highly trained athlete. In a

eries of elite athletes, echocardiographic LV end-diastolic di-
ensions as high as 66 mm were recorded in women (mean, 48
m) and up to 70 mm in men (mean, 55 mm) (12). LV

nd-diastolic dimensions greater than or equal to 55 mm were
bserved in 45% of participants and greater than 60 mm in
4% of participants. Therefore, assessment of LV enlargement in
highly trained athlete with known or suspected valvular heart

isease must take this issue into consideration. Hence, for
urposes of this discussion, an LV end-diastolic dimension
reater than 60 mm is considered likely to represent the
ffects of LV volume overload due to valvular disease and
ot per se to physiologically based exercise training.
Patients with chronic MR should be followed longitudi-

ally with serial echocardiograms (5). A decrease in ejection
raction and/or increase in end-systolic volume with time is
helpful marker of declining LV function and an indication

f having reached the limits of cardiac compensation.
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ffects of exercise. In general, exercise produces no signifi-
ant change or a mild decrease in the regurgitant fraction
ecause of reduced systemic vascular resistance. However,
atients with elevation of heart rate (increased systolic ejection
ime per min) or blood pressure with exercise may manifest
arked increases in regurgitant volume and pulmonary capil-

ary pressures. Hence, static exercise that increases arterial
ressure is potentially deleterious. Ejection fraction usually
oes not change or decreases slightly with exercise, although
he ejection fraction response may be completely normal in
oung, asymptomatic subjects.

The etiology of MR may be important in making recom-
endations concerning heavy physical activity. In patients with
R secondary to previous infective endocarditis or ruptured

hordae, the valve tissues theoretically could be further dam-
ged or torn by marked sustained increases in LV systolic
ressure.

ecommendations:

. 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.

. Athletes with mild to moderate MR in sinus rhythm
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).

. 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.

. 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.

ORTIC STENOSIS

he diagnosis of AS is established by the characteristic
hysical findings and two-dimensional and Doppler echo-
ardiography. The three most common etiologies are: 1)
heumatic, 2) congenital, and 3) calcific or degenerative.
he majority of young adults with AS participating in

ompetitive athletics have congenital lesions.
valuation. Continuous-wave Doppler echocardiography

an reliably estimate the severity of AS, especially in the
resence of normal cardiac output, which is the case in the
reat majority of those engaging in competitive sports (13).

Symptoms of dyspnea, syncope, or angina pectoris occur
ate in the course of AS (14), and the likelihood of sudden

eath increases significantly with the onset of symptoms.
ecause even transient symptoms are so important in
arking the onset of increased risk of sudden death, the

hysician must be aware that dyspnea, near-syncope, and
ven syncope are likely to be unreported in competitive
thletes. Although sudden death is more frequent in symp-
omatic patients with severe AS, it may also occur in
ompletely asymptomatic patients (15). When doubt per-
ists with regard to the severity of AS after Doppler study,
r if a patient with mild-to-moderate AS has symptoms,
ardiac catheterization should be performed. Sudden death
s rare with mild AS.

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

Severity of AS measured by continuous-wave Doppler
chocardiography (or in those instances previously noted by
ardiac catheterization) is categorized as follows with re-
pect to the calculated aortic valve area: mild � greater than
.5 cm2; moderate � 1.0 to 1.5 cm2; and severe � less than
r equal to 1.0 cm2 (5). This translates roughly (assuming
hat athletes have normal cardiac output) to the estimated
ean aortic valve pressure gradient as follows: mild � less

han 25 mm Hg; moderate � 25 to 40 mm Hg; and severe �
reater than 40 mm Hg (5).

Because AS is often progressive, periodic re-evaluation at
east yearly is necessary and should be performed by a
hysician with expertise in cardiology. This reassessment
ncludes physical examination and Doppler echocardiogra-
hy, but may require cardiac catheterization in selected
atients as previously noted. In addition, Holter monitoring
ith intense exercise resembling competition is recom-
ended to detect ventricular arrhythmias in patients with
S who wish to participate in competitive athletics.
In patients with AS, a markedly elevated cardiac output

r peripheral vascular resistance for sustained periods of
ime could result in an exaggerated valvular gradient and a
arked increase in LV systolic pressure. Given these pre-

autions, the following recommendations can be made.

ecommendations:

. 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.

. 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 IIA) 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
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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).

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

ORTIC REGURGITATION

ortic regurgitation has multiple etiologies, as any disease
ffecting the aortic valve, annulus, or proximal ascending
orta can result in AR. The common etiologies are: 1)
ongenital bicuspid aortic valve; 2) rheumatic heart disease;
) infective endocarditis; and 4) aortic root diseases, includ-
ng Marfan syndrome, ascending aortic aneurysm, aortic
issection, systemic hypertension, and rheumatoid spondy-

itis. Aortic regurgitation increases LV diastolic volume and
troke volume, which may ultimately lead to LV systolic
ysfunction (10). In addition, myocardial oxygen supply/
emand imbalance may develop because of the increased
all stress, LV hypertrophy, and reduced diastolic blood
ressure (reduced coronary perfusion pressure).
Patients with severe AR may remain asymptomatic and

thletic for many years, but angina pectoris, syncope, and
entricular arrhythmias ultimately may appear. Sudden
eath is rare among asymptomatic patients (less than 0.2%
er year [5]) but can occur.
valuation. The hemodynamic severity of AR can be

ssessed noninvasively by physical examination (the severity
eing reflected by the degree of LV dilation and the
eripheral signs of AR), chest radiography, and echocardi-
graphy. As noted previously, the upper limit of normal LV
nd-diastolic size is increased in the healthy, highly trained
thlete (12), and this may well affect assessment of LV
nlargement in the setting of AR.

Because of the importance of assessing LV function and
he size of the aortic root and proximal ascending aorta in
etermining the etiology of AR, with resulting implications
or athletic participation, evaluation by echocardiography is
ssential. Doppler echocardiography is very sensitive in
etecting any degree of AR. Similar to MR, the greatest
ifficulty arises in differentiating moderate and severe AR.
ualitatively, the width of the regurgitant jet and the

roportion of the LV outflow tract occupied by the jet are
elated to the severity of the AR, as is the slope velocity
rofile of the diastolic jet. The regurgitant volume can also
e measured quantitatively by Doppler methods (1).
The LV function should be assessed serially by two-

imensional echocardiography (5). Radionuclide angiogra-
hy or cardiac magnetic resonance may be helpful if
chocardiograms are of suboptimal quality. Exercise testing
an be useful in assessing exercise capacity, especially in
hose patients having nonspecific or mild symptoms, and it
s recommended that testing be performed to at least the

evel of exertion required by the proposed competitive sport.
olter monitoring with intense exercise resembling compe-
ition is recommended to detect ventricular arrhythmias in
atients who wish to participate in competitive athletics.
ffects of exercise. With exercise, regurgitant volume de-

reases because of the decrease in peripheral vascular resis-
ance that reduces diastolic blood pressure and the decrease
n diastolic filling period that accompanies the increase in
eart rate (16). Because of these changes in preload and
fterload, the failure of the ejection fraction to increase with
xercise is of uncertain significance, and there are insuffi-
ient data with which to use this finding in formulating
ecommendations regarding participation in competitive
thletics. There are also no data to define whether severe
ncreases in physical activity permanently affect the function
f the left ventricle.
For purposes of the following recommendations, hemo-

ynamic severity of AR is graded as follows: mild � absent
o slight peripheral signs of AR, normal LV size; moderate �
eripheral signs of AR with mild-to-moderate increases in
V size with normal systolic function; and severe � periph-
ral signs of AR with severe LV enlargement and/or LV
ystolic dysfunction.

ecommendations:

. 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).

. 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.

. 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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ICUSPID AORTIC VALVES
ITH AORTIC ROOT DILATATION

here is growing awareness that many patients with
icuspid aortic valves have disorders of vascular connec-
ive tissue, involving loss of elastic tissue, that may result
n aortic root dilatation even in the absence of hemody-
amically significant AS or AR (17,18). These patients
ave a risk of aortic dissection; surgery to repair the aorta
as been recommended for those patients with greatly
nlarged aortic roots (5,18). Recommendations for ath-
etic participation in patients with bicuspid valve disease
nd associated aortic root dilatation are based on limited
ata, but with the understanding that aortic dissection
an occur in some patients with aortic root diameters less
han 50 mm. The recommendations that follow are for
atients with bicuspid valves and associated aortic root
nlargement. If such patients also have significant AS or
R, these recommendations should be considered in

oncert with those discussed in the present Task Force
or patients with AS or AR. The following recommen-
ations do not pertain to patients with Marfan syndrome,
hich are discussed in Task Force 4.

ecommendations:

. 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.

. 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.

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

RICUSPID REGURGITATION

ricuspid regurgitation is most often secondary to right
entricular (RV) dilation and failure due to pulmonary or
V hypertension. Other etiologies that may affect athletes

nclude rheumatic heart disease, tricuspid valve prolapse,
nfective endocarditis, congenital anomalies such as
bstein’s anomaly, and the sequelae of surgery for congen-

tal heart disease leaving the patient with RV dilatation.
ecommendations here with respect to athletes are for those
ith primary TR.
Primary TR leads to RV volume overload with the risk of

ubsequent RV failure as well as increased systemic venous
ressure and its consequences. Severity of TR and estima-
ion of right atrial and RV pressures can be determined

oninvasively from physical examination, chest radiograph, s
nd Doppler echocardiography. Occasionally, right-heart
atheterization is necessary when these measures cannot be
etermined noninvasively. There is no evidence that the
thlete with isolated primary TR is placed in jeopardy by
ngaging in heavy physical exertion.

ecommendation:

. 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.

RICUSPID STENOSIS

ricuspid stenosis is for the most part caused by rheumatic
eart disease and is nearly always associated with MS. In
hat instance, the patient should be judged according to the
everity of the MS. Isolated tricuspid stenosis is rare. Such
atients should undergo exercise testing at least to the level
nticipated in their sport. If asymptomatic, athletes may
ompete in all competitive activities.

ULTIVALVULAR DISEASE

ultivalvular disease occurs in the context of rheumatic
eart disease, myxomatous valvular disease, and infective
ndocarditis. The lesions can be diagnosed by physical
xamination and Doppler echocardiography. The relative
ontribution of each of the lesions may be difficult to assess
oninvasively, and cardiac catheterization and angiocardio-
raphy are frequently necessary to resolve these distinctions.

ecommendation:

. 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.

ROSTHETIC HEART VALVES

everal general comments apply to all patients who have
ndergone valve replacement. First, although most patients
mprove after valve replacement and many become asymp-
omatic, the long-term mortality after operation is greater
han that of a normal population of similar age. Second, a
ransvalvular gradient of varying severity is present in most
atients after valve replacement (5,19). Third, although
emodynamic variables at rest may be essentially normal
fter valve replacement, many patients have an abnormal
esponse to exercise (20). Finally, after valve replacement
with few exceptions) patients with mechanical prostheses
equire anticoagulant agents, and those with bioprosthetic
alves in sinus rhythm usually do not. In assessing the
thlete’s capacity for physical activity, exercise stress testing
o at least the level of activity performed in the competitive

port is valuable.



E
w
h
f
d
p
m
p
h
e
t

R

1

2

3

V
P

S
u
v
r
s
s
o
t
i
M
c
A
c
n

R

1

2

T

1

1

1

1

1339JACC Vol. 45, No. 8, 2005 Bonow et al.
April 19, 2005:1334–40 Task Force 3: Valvular Heart Disease
ffects of exercise. There are insufficient data to determine
hether vigorous repetitive exercise after valve replacement
as any long-lasting effect on ventricular or prosthetic valve
unction. The patient should be made aware of these
eficiencies in our knowledge before deciding whether to
articipate in competitive athletics. Because mechanical and
ost tissue valves have reduced effective valve areas, they

erform best at normal heart rates. Therefore, a sustained
eart rate greater than 120 beats/min might result in
levated valve gradients and cardiac outputs that are less
han normally expected.

ecommendations:

. 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).

. 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.

. 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.

ALVE REPAIR OR
ERCUTANEOUS MITRAL BALLOON VALVOTOMY

everal general comments apply to athletes who have
ndergone valve repair or percutaneous mitral balloon mitral
alvotomy (PMBV). The benefits of surgical mitral valve
epair for MR appear to persist long term, but the effects of
trenuous exercise on repaired mitral valves have not been
tudied systematically. After treatment for MS with PMBV
r either closed or open surgical mitral commissurotomy,
he patient should have no disability if there has been no
njury to the left ventricle or development of significant

R. After aortic valvuloplasty in young patients with
ongenital AS, there is the risk of subsequent endocarditis,
R, or recurrent AS. Athletes should be evaluated for

ompetitive sports on the basis of their residual hemody-

amic state.
ecommendations:

. For patients with MS who have undergone successful
PMBV 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.

. 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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he authors of this report declared they have no relation-

aortic cross-sectional area to height ratio and the risk of aortic ships with industry pertinent to this topic.

ask Force 4: HCM and
ther Cardiomyopathies, Mitral Valve
rolapse, Myocarditis, and Marfan Syndrome

arry J. Maron, MD, FACC, Chair
ichael J. Ackerman, MD, PHD, FACC, Rick A. Nishimura, MD, FACC, Reed E. Pyeritz, MD, PHD,
FACC
YPERTROPHIC CARDIOMYOPATHY

eneral 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
ommon cause of sudden unexpected cardiac death in young
eople, including competitive athletes (2). Sudden death
ay occur at any age, but is most common in individuals 30

ears of age or less. At present, 12 mutant genes (most
ncoding sarcomeric proteins) and over 400 specific muta-
ions in these genes have been implicated in the pathogen-
sis of clinically diagnosed HCM (3).

The disease is characterized by heterogeneous presen-
ation and natural history in which the most consistent
iagnostic feature demonstrated by echocardiography is
therwise unexplained and usually asymmetric hypertro-
hy associated with a non-dilated left ventricle (LV)
3–5). Clinical diagnosis of HCM is made by recognition
f the disease phenotype with LV hypertrophy (3,4). In
his regard, a maximal LV end-diastolic wall thickness of
5 mm or more (or on occasion, 13 or 14 mm) is the
bsolute dimension generally accepted for the clinical
iagnosis of HCM in an adult athlete (in children, 2 or
ore standard deviations from the mean relative to body

urface are; z-score of 2 or more); however, any LV wall
hickness (including normal) is theoretically compatible
ith the presence of a mutant HCM gene (3,4). Of note,

ndividuals of virtually any age (but usually less than 14
ears old) harboring a HCM-causing mutant gene may
ot manifest LV hypertrophy (3,4).
rom non-athletes to highly trained competitive athletes is
enuous. This relates to the unstable electrophysiologic
ubstrate and propensity for potentially lethal ventricular
achyarrhythmias in HCM, interacting with the physiologic
tresses inherent in athletic training and competition (i.e.,
lterations in blood volume, hydration, and electrolytes).
urthermore, no single clinical, morphologic, or electro-
hysiologic factor has emerged as the reliable predictor of
isk in HCM (3,4). Therefore, because the panel could not
recisely stratify sudden death risk specifically for all athletes
ith HCM, the present recommendations for sports eligi-
ility remain conservative and homogeneous for those
thletes within the diverse HCM clinical spectrum.

Given the inability to precisely stratify risk on clinical
rounds in individual young patients with HCM, a broad
ecommendation to exclude such individuals from compet-
tive sports will, by definition, deny participation to some
nnecessarily. However, given the frequency with which
CM is associated with sudden death in young athletes (2),

nd recent data showing that athletic activity per se is
ssociated with higher risk in those with underlying cardio-
ascular abnormalities (6), the present recommendations are
iewed as prudent. That is, the goal is to encompass all
reventable sudden deaths in young persons with HCM,
hile acknowledging that other athletes who may not be
estined for sudden death will also be subjected to the same
ecommendations.
reclinical diagnosis. With the availability of preclinical
enetic diagnosis, a relatively small number of youthful
amily members have been identified as affected by a
CM-causing mutant gene solely on the basis of laboratory
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NA analysis, and in the absence of typical morphologic
phenotypic) features of the disease (3,4). As family genetic
creening for HCM becomes more widespread, clinicians
ay be increasingly faced with the dilemma of making

ecommendations regarding sports participation for subjects
ho have only preclinical evidence of HCM (i.e., genotype
ositive-phenotype negative). Nonetheless, it is likely that
ost such individuals are destined to ultimately develop the
CM phenotype with the attendant possibility of a poten-

ially unstable electrophysiologic milieu. Moreover, the
CM phenotype (i.e., LV hypertrophy) may develop over

he course of several years (3,4) after initial evaluation, when
ompetitive sports participation could still be an ongoing
nd important lifestyle issue.

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

Relevant to these considerations are the prior observa-
ions that abnormalities on 12-lead ECG and preload-
ndependent measures of diastolic dysfunction with tissue

oppler ultrasonography may precede the appearance of
V hypertrophy, providing clues to impeding development
f wall thickening (7–9). Athletes with abnormal 12-lead
CG and absence of LV hypertrophy on two-dimensional

chocardiogram (particularly if relatives in HCM families)
hould be afforded a high index of suspicion for HCM and
ndergo CMR imaging to determine whether areas of
egmental hypertrophy undetected by echocardiography are
resent in regions of the LV chamber such as anterolateral
ree wall or apex (7). However, 12-lead ECG abnormalities
n family members without LV hypertrophy (particularly if
elatively minor or nonspecific) should not per se be re-
arded as evidence of HCM.

ecommendations:

. 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. (
. 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-
efibrillators (ICDs) in preventing sudden death in HCM
10), clinicians will increasingly be faced with decisions
egarding athletic participation for HCM patients with
CDs. Although effective for sudden death prevention in
bservational studies (10), the unique physiologic milieu
ssociated with competitive athletic activities, including
ntravascular volume and electrolyte disturbances, neurohor-

onal activity, and the potential for myocardial ischemia
ake the absolute reliability of ICDs in such settings

npredictable. Furthermore, there is a possibility for device
alfunction and the risk for traumatic injury to the athlete-

atient (or other competitors) should the ICD discharge
ither appropriately or inappropriately. Thus, the placement
f an ICD in an HCM patient does not change the
ompetitive sports recommendations for this disease (as
reviously noted), namely, that restriction from participa-
ion in contact and most non-contact sports is advisable
11); such individuals may engage only in low-intensity
ompetitive sports (class IA).

The presence of a free-standing automated external
efibrillator (AED) at sporting events should not be con-
idered either absolute protection against sudden death, a
rospectively designed treatment strategy for known cardio-
ascular disease, nor a justification for participation in
ompetitive sports in athletes with previously diagnosed
CM. Athletes with HCM using drugs such as anabolic

teroids or energy stimulant drinks may in fact increase their
isk of arrhythmias, although definitive data are lacking.

ITRAL VALVE PROLAPSE (MVP)

itral valve prolapse (i.e., myxomatous degeneration) is of
articular importance in the evaluation of athletes, given its
elatively high prevalence in the general population (esti-
ated, 2% to 3%) (12–14). The condition is defined by

chocardiography as systolic displacement of one or both
itral leaflets into the left atrium beyond the plane of the
itral anulus in the parasternal long-axis view (13). These

atients may be identified by auscultation with a mid-
ystolic click and/or murmur of mitral regurgitation. Addi-
ionally, MVP is characterized by a mostly favorable prog-
osis and low event rate (12–15). In general, the greatest
isks for unfavorable clinical sequelae—which include severe
rogressive mitral regurgitation requiring valve surgery,
nfective endocarditis, embolic events, atrial and ventricular
achyarrhythmias, and sudden death appear to be associated
ith substantial structural abnormality of the mitral valve
i.e., “classic” MVP) with diffuse leaflet thickening, elonga-
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ion, and redundancy, and in some cases ruptured chordae
endineae (12–15).

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

Some individuals with MVP appear to be part of a
onnective tissue phenotypic spectrum with tall, thin habi-
us, thoracic cage deformity, and joint hypermobility (i.e.,

ASS phenotype), for which there is a risk, albeit low, for
rogression to aortic dilatation or sudden death (17).

ecommendations:

. 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

. 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-
ndary to moderate-severe mitral regurgitation (as assessed
y physical examination and two-dimensional echocardio-
ram and Doppler study) in athletes with MVP appear in
ask Force 3.

YOCARDITIS

yocarditis is an inflammatory disease of myocardium and
cause of sudden death in young athletes (2,18–24). It is

sually of infectious etiology due to a variety of viral agents,
ost commonly enterovirus (e.g., Coxsackie virus), adeno-

irus, or parvovirus in young people, but also by drugs and
oxic agents such as cocaine (22–25). Myocarditis evolves
hrough active, healing, and healed pathologic stages—
haracterized progressively by inflammatory cell infiltrates
eading to interstitial edema and focal myocyte necrosis and
eplacement fibrosis (20)—which potentially create an elec-
rically unstable substrate for development of ventricular
achyarrhythmias (2,18,24). In some instances, viral myo-
arditis can culminate in dilated cardiomyopathy with LV
ystolic dysfunction, presumably as a consequence of viral-
ediated immunologic damage to the myocardium or
ytoskeletal disruption (22–25). t
Myocarditis can be diagnosed by established histopatho-
ogic, histochemical, or molecular criteria (20,23–25), but is
hallenging to identify clinically. Suspicion may be raised by
hest pain, exertional dyspnea, fatigue, syncope, palpita-
ions, ventricular tachyarrhythmias and conduction abnor-
alities or by acute congestive heart failure associated with
V dilatation and/or segmental systolic dysfunction, cardio-
enic shock, or ST-T changes on ECG (22,24).

When clinical judgment suggests the presence of myo-
arditis, an endomyocardial biopsy may clarify an otherwise
mbiguous clinical profile. Because of patchy distribution of
nflammatory cells, biopsies are often insensitive and fre-
uently yield false-negative histologic results (20,22,24).
owever, the diagnostic yield of histology can be enhanced

y molecular analysis with PCR amplification of the viral
enome (23,25).

ecommendations:

. 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.

. 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.

ARFAN SYNDROME

arfan syndrome (and related disorders), caused by more
han 400 individual mutations in the gene encoding
brillin-1 (FBN1), is an autosomal dominant disorder of
onnective tissue with estimated prevalence of 1:5,000 to
,10,000 in the general population (26–29). It is character-
zed clinically by a diverse constellation of abnormalities
ariable in severity and involving primarily the ocular,
keletal, and cardiovascular organ systems (28–30). Diag-
osis is made according to the Gent nosology if major
riteria are present in two organ systems and a third is
nvolved, or when there is a family history of Marfan
yndrome (28,29). Skeletal abnormalities include arm span-
o-height ratio greater than 1.05, tall stature, arachnodac-

yly, dolichostenomelia (long, thin limbs), hyperextensibility
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nd ligamentous laxity, scoliosis, and chest wall deformity
pectus excavatum or carinatum), in addition to ectopia
entis (lens dislocation).

Cardiovascular manifestations that impact on natural
istory are: 1) progressive dilatation of the aortic root or
escending aorta, which predisposes to dissection and rup-
ure (30–33); and 2) MVP with associated mitral regurgi-
ation or LV systolic dysfunction, which may occasionally
redispose to ventricular tachyarrhythmias and sudden
eath (33). The risk for aortic rupture is usually linked to
arked enlargement of the aorta (transverse dimension

reater than 50 mm), although dissection can occur with a
ormal (or near-normal) aortic root dimension (30–36) (A.
ePaepe, personal communication, April 12, 2004).
eightlifting has been specifically associated with aortic

issection in athletes with cystic medial necrosis (with or
ithout systemic hypertension or use of anabolic steroids)

35,36). The incidence of aortic dissection appears to have
ecreased with earlier prophylactic surgical aortic root
econstruction and beta-blocker therapy (30,32,34).

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

ecommendations:

. Athletes with Marfan syndrome can participate in low
and moderate static/low dynamic competitive sports
(classes IA and IIA) 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.

. 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 IA).

. 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 h
in sports that involve the potential for bodily colli-
sion.

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

These recommendations are offered independent of
hether beta-blockers are administered to mitigate aortic

oot enlargement.

HLERS-DANLOS SYNDROME

he vascular form of Ehlers-Danlos syndrome carries a
ubstantial risk of rupture of the aorta and its major
ranches (28). This is a rare autosomal dominant disorder,
aused by a defect in type III collagen, encoded by the
OL3A1 gene. Patients have variable joint hypermobility,

usceptibility to bruising, difficult wound healing, and often
rematurely aged appearance.

ecommendation:

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

RRHYTHMOGENIC RIGHT VENTRICULAR
ARDIOMYOPATHY (ARVC)

ited as a major cause of sudden death in young people and
thletes (44–46), particularly in the northeastern (Veneto)
egion of Italy (45) but seemingly less common in the U.S
2,18), ARVC is characterized by a broad phenotypic
pectrum and characteristically by loss of myocytes in the
ight ventricular myocardium with fatty or fibro-fatty re-
lacement resulting in segmental or diffuse wall thinning. It
s frequently associated with myocarditis (44,45,47). Clini-
al diagnosis is challenging, but relies largely on familial
ccurrence, ventricular tachyarrhythmias (particularly ven-
ricular tachycardia of right ventricular origin elicited by
xercise), T-wave inversion in precordial leads V1 through
3 and epsilon waves on ECG, or right ventricular dilata-

ion and/or segmental wall motion abnormalities, aneurysm
ormation, and fatty deposition in the right ventricular wall
dentified with echocardiography, multi-slice computed to-

ography, or cardiac magnetic resonance imaging.

ecommendation:

. 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).

THER MYOCARDIAL DISEASES

number of other uncommon diseases of the myocardium
eserve consideration as potential causes of sudden death in
thletes. These include dilated cardiomyopathy (due to a
ariety of etiologies including genetic); primary non-

ypertrophied restrictive cardiomyopathy, systemic infiltra-
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ive diseases with secondary cardiac involvement such as
arcoidosis, and also isolated non-compaction of LV myo-
ardium with or without systolic dysfunction (48,49). Few
ata are presently available regarding the relative risks of
thletic training and competition in athletes with the
forementioned myocardial diseases.

ecommendation:

. 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.

ERICARDITIS

ecommendation:

. 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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ENERAL CONSIDERATIONS

ystemic hypertension is the most common cardiovascular
ondition observed in competitive athletes. The diagnosis of
ypertension is based on the presence of blood pressure
BP) persistently at or above certain levels as measured by
outine sphygmomanometry on at least two separate occa-
ions. A level above 140/90 mm Hg is considered to be
ypertensive in people over age 18 years (1). In children and
dolescents, hypertension is defined as average systolic or
iastolic levels greater than or equal to the 95th percentile
or gender, age, and height (2). In determining the level of
ompetitive athletic activity that a hypertensive person may
ssume, it is also important to ascertain the degree of
ypertension-related target organ damage. Although hyper-
ension may be associated with an increased risk for complex
entricular arrhythmias and sudden death, this disease by
tself has not been incriminated as a cause of sudden cardiac
eath in young competitive athletes (3). For the general
opulation, increased levels of noncompetitive physical ac-
ivity are regarded not only as beneficial by reducing BP (4)
nd the incidence of hypertension (5), but also protect-
ng against stroke (6). In view of the striking increase in
besity-induced hypertension among children and adoles-
ents related in part to physical inactivity, all people should
e encouraged to engage in regular exercise. Those who are
ypertensive derive protection from all-cause and cardiovas-
ular mortality by maintaining higher levels of cardiorespi-
atory fitness (7).
ssessment of blood pressure. Blood pressure should be

ccurately measured in all individuals who wish to partici-
ate in competitive athletics before they begin training.
lood pressure should be measured by routine sphygmoma-
ometry, using the guidelines listed in Table 1 (8). There
re often “white-coat” elevations induced by anxiety related
o the examination, particularly in young people concerned
bout the potential consequences of the examination.
herefore, additional BP recordings outside the office

hould be obtained in those with elevated office readings,
ither with readily available and inexpensive home self-
ecorders or with less accessible and more expensive auto-
atic ambulatory monitors.
valuation. Those individuals with any degree of persis-

ent hypertension should have a thorough history and
hysical examination and limited laboratory testing to
valuate secondary causes and to ascertain target organ
amage (1). If agents that may raise BP such as non-
teroidal anti-inflammatory drugs (NSAIDs) are being
aken, additional measurements should be obtained after

hey have been discontinued. Laboratory testing for most a
ubjects with stage 1 hypertension (140 to 159 mm Hg/
0 to 99 mm Hg) should include an automated blood chem-
stry (glucose, creatinine, or the corresponding estimated glo-

erular filtration rate, electrolytes, lipid profile), hematocrit,
rine analysis, and an electrocardiogram. If hypertension is
tage 2 (greater than or equal to 160/100 mm Hg), if results of
he initial laboratory tests are abnormal, or if features suggestive
f identifiable (secondary) causes are noted by history or
hysical examination, the patient should be referred for addi-
ional study (including echocardiography) and therapy.
ffects of exercise on BP. As noted during stress testing,

ystolic BP rises during aerobic (dynamic) exercise. Both
ystolic and diastolic pressures rise even more acutely and to
igher levels during resistance (static or isometric) exercise.
ecause strenuous aerobic or resistance exertion may pre-
ipitate myocardial infarction and sudden death in suscep-
ible, untrained individuals (9), those individuals who wish
o engage in competitive athletics should increase exercise
evels gradually to avoid such cardiac catastrophes.

However, repetitive performance of both aerobic and resis-
ance exercise lowers systolic and diastolic BP (4,10). After
ach 30-min period of aerobic exercise at 50% of maximal
xygen uptake, the blood pressure remains lower for up to 24 h,
ith an even greater reduction after 30 min of aerobic exercise

t 75% of maximal oxygen uptake (11). As a consequence, the
isks of developing elevated BP (5) and of incurring a cardio-
ascular consequence of hypertension (6,7) are less in those
ho maintain higher levels of physical activity. Some condi-

ioned athletes (particularly young men), with a slow heart rate
nd compensatory increase in stroke volume, have high systolic
P that is considered “spurious” hypertension (12) but should
evertheless be carefully monitored.
In normotensive untrained subjects, an excessive rise in

ystolic BP to above 200 mm Hg during an exercise stress
est is predictive of a greater likelihood of the development
f persistent hypertension in the future and may be associ-
ted with subtle systolic dysfunction (13) and an increased
isk of subsequent cardiovascular disease (14). Therefore,
uch subjects should be advised to increase levels of physical
ctivity gradually to moderate such excessive rises in pres-
ure. Such rises should not restrict activity in those who are
ell conditioned. Because intensive resistive training may

educe arterial compliance with potential adverse conse-
uences (15), such training should be limited in those
thletes with hypertension.
ffects of blood pressure on exercise. Untreated hyper-

ension in athletes may be accompanied by some limitation
n exercise performance (16). Before initiating drug therapy,

thletes should be strongly encouraged to adopt healthy
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ifestyle behavior and avoid tobacco in any form, excess
lcohol, drugs of abuse (especially sympathomimetics such
s cocaine or ephedra), androgens, steroids, growth hor-
one, NSAIDs, and excessive sodium intake. It should be

mphasized that the use of antihypertensive drugs may
urther limit exercise capacity, more so with beta-adrenergic
eceptor blocking agents than with vasodilators (alpha-
drenergic blocking agents, angiotensin-converting enzyme
nhibitors, angiotensin II-receptor blockers, or calcium
hannel blockers). Indeed, high-intensity competitive ath-
etes may find it very difficult to perform satisfactorily while
sing beta-blockers (17).

ecommendations:
. 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-

able 1. Guidelines for Blood Pressure Measurement

osture
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.

ircumstances
No caffeine during the hour preceding the reading.
No smoking during the 30 min preceding the reading.
A quiet, warm setting.

quipment
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.
echnique
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 Korotkoff sounds are weak, have the patient raise the arm,

open and close the hand 5 to 10 times and then reinflate the
bladder quickly.

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

rom Pickering TG, et al. Hypertension 2005;45:142–61, reprinted with permission
f the American Heart Association.
ments to exclude isolated office “white-coat” hyper-
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.

. 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.

. 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 IIIC), until their hyper-
tension is controlled by either lifestyle modification
or drug therapy.

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

. 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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THEROSCLEROTIC CORONARY ARTERY DISEASE
eneral considerations. Compelling evidence indicates

hat physical activity reduces cardiovascular events in
ealthy subjects and cardiac mortality in patients with
iagnosed coronary artery disease (CAD) (1). Despite these
eneficial exercise effects, vigorous physical activity also
ransiently increases the risk of both acute myocardial
nfarction (AMI) (2–4) and sudden cardiac death (SCD)
5–7) with the greatest exercise risk among the most
abitually sedentary individuals (2,4,7).
Atherosclerotic CAD is the most frequent cause of these
lder than 30, 35, or 40 years of age. Both plaque rupture
9,10) and possibly plaque erosion (11) have been implicated as
he immediate cause of exercise-related events in adults, al-
hough plaque rupture is more frequent. Several studies over
he last decade document that cardiac events frequently occur
n coronary arteries that were not previously critically narrowed.
his appears to be particularly true for exercise-related cardiac

vents because angiographic studies of exercise-related AMI in
he general population (4) and in sport participants (10)
emonstrate less extensive CAD than in comparison subjects.
his observation may reflect either selection bias for less severe
therosclerosis in those capable of exercising at high intensity
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r the ability of exercise to provoke events in individuals with
ess severe disease.

Prognosis for diagnosed CAD patients worsens with the
xtent of disease, left ventricular (LV) systolic dysfunction,
nducible ischemia, and electrical instability. Both the recog-
ition that acute cardiac events often occur at the site of
reviously mild coronary stenoses in the general population
nd the observation that victims of exercise-related CAD
vents have less extensive disease than do individuals suffering
on-exercise related events reduce the utility of standard CAD
isk assessment in evaluating older competitive athletes. Ado-
escent and young adult athletes also may have variants in their
esting electrocardiograms (ECGs) that make the interpreta-
ion of their resting and exercise ECGs difficult. In addition,
arly CAD is increasingly identified by such imaging tech-
iques as coronary artery calcification scoring, further compli-
ating risk assessment because the presence of any coronary
rtery calcification indicates atherosclerotic disease. Finally,
ince CAD primarily occurs in adult athletes, the age of the
thlete at risk for CAD events complicates the decision
rocess. Older athletes are often engaged in individual com-
etitive pursuits and may not require formal clearance for
ontinued competition. Preparticipation screening guidelines
pecifically for participants in master’s sports have been devel-
ped in association with the American Heart Association
AHA) (12).

iagnosis. The diagnosis of atherosclerotic CAD is estab-
ished in the presence of any of the following: 1) a history of

myocardial infarction (MI) confirmed by conventional
iagnostic criteria; 2) a history suggestive of angina pectoris
ith objective evidence of inducible ischemia; and 3) coro-
ary atherosclerosis of any degree is demonstrated by
oronary imaging studies such as catheter-based coronary
ngiography, magnetic resonance angiography, or electron
eam computerized tomography (EBCT).

ORONARY CALCIFICATION BY COMPUTED TOMOGRAPHY

CT). Since the last version of these guidelines, the wide-
pread dissemination of noninvasive techniques such as
BCT, or even more recently, multi-slice gated CT, has
arkedly increased the number of individuals, including

ompetitive athletes, who may be diagnosed with athero-
clerotic CAD. Although exceedingly rare in young persons
6% of men and 3% of women 20 to 29 years of age), the
resence of coronary calcium increases substantially with
ge, such that for master’s athletes, age 40 to 49 years,
pproximately 41% of men and 13% of women may have
easurable coronary calcium (13). Among individuals age

0 to 59 years, 68% of men and 27% of women have
ocumented coronary calcium (13). There is compelling
vidence that the presence of any coronary calcium indicates
nderlying atherosclerosis (14) and that increasing coronary
alcium scores are associated with increased CAD risk (15).
he coronary calcium score that warrants additional evalu-

tion in asymptomatic competitive athletes is unknown,

lthough scores of more than 100 (15) have been associated
ith increased risk for coronary events (16) in the general
opulation compared to patients with no coronary calcium.
t is unknown whether the risk of coronary events during
ntense exercise is increased in the presence of this or lesser
mounts of coronary calcium. Nevertheless, for the purpose
f the present document, athletes with coronary artery
alcification scores more than 100 should undergo the same
valuation as those with more clinically evident CAD.

ISK ASSESSMENT. A paucity of data exists in competitive
thletes directly relating the presence and severity of CAD
o the risk of athletic participation. This requires that these
ecommendations for athletes with CAD be based in part
n observations obtained from non-athletes with CAD.
evertheless, it is likely that risk is increased to some degree
henever coronary atherosclerosis is present. It is also likely

hat the risk of exercise-related events increases with the
xtent of disease, LV dysfunction, inducible ischemia, and
lectrical instability, and that the risk increases with the
ntensity of the competitive sport and the intensity of the
articipant’s effort.

valuation.
. 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.

. 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.

ISK STRATIFICATION. Two levels of risk can be defined on
he basis of testing.

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

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

. Normal exercise tolerance for age, demonstrated during
treadmill or cycle ergometer exercise testing: greater
than 10 metabolic equivalents (METS), or greater than
35 O2/kg-min if less than 50 years old; greater than 9
METS, or greater than 31 ml O2/kg-min for 50 to 59

years old; greater than 8 METS, or greater than 28 ml
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O2/kg-min, if 60 to 69 years old; and greater than 7
METS, or greater than 24 ml O2/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.

. 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.

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

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

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

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

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

. 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
n exercise testing note that it is not necessary to stop
eta-blockers before routine exercise testing, although this
ractice may reduce the diagnostic and prognostic value of
he test (17). The decision whether or not to stop beta-
locker therapy before exercise testing of athletes should be
ade on an individual basis. Stopping beta-blockers and

ther anti-ischemic mediations before testing may be useful
o more closely approximate the probable risk if the athlete
ither intentionally or unintentionally does not take these
edications before competition, or when certain athletic

egulatory bodies prohibit beta-blockers. If anti-ischemic
edications are stopped, this should be done carefully to

void a potential hemodynamic rebound effect, which could
ead to accelerated angina or hypertension.

Coronary arteriography is not required to determine
ligibility for competition in patients with known CAD,
nd no evidence of inducible ischemia, but is recommended
n athletes with exercise-induced ischemia who choose to
articipate in sports against medical advice. Such studies
ay identify coronary lesions that may be better managed by

ercutaneous or surgical myocardial revascularization pro-
edures to relieve exercise-induced ischemia and potentially
o reduce exercise-related risk.
The panel wishes to emphasize that the following rec-
mmendations are prepared as a guidelines for permitting
articipation in competitive sports. Restrictions in the follow-
ng recommendations, therefore, should not be misinter-
reted as an injunction against regular physical activity as
pposed to athletic competition. Indeed, regular and recre-
tional physical activity and moderate-intensity exercise
raining are recommended for patients with CAD for its
eneral cardiovascular benefits (1).

ecommendations:

. Athletes in the mildly increased risk group can
participate in low dynamic and low/moderate static
competitive sports (classes IA and IIA—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.

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

. 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.

. 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.

. 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
eing at mildly increased risk and permitted to participate in
ow dynamic and low/moderate static competitive sports
classes IA and IIA) cannot be assured that such participa-
ion will not increase the risk of cardiac events because it is
robable that any exercise transiently poses some increased
xercise risk once CAD is established.

ORONARY ARTERY VASOSPASM

oronary artery vasospasm classically presents as rest angina
ssociated with ST-segment elevation, but can be provoked
y physical exertion on rare occasions (18). Vasospasm is an
ncommon cause of chest pain that is evident in 2% to 3%
f patients presenting with chest pain undergoing coronary
ngiography (19). Vasospasm is most frequently observed at
oronary sites damaged by atherosclerosis (20), but a sub-
tantial cohort may have angiographically normal coronary
rteries or minimal angiographic luminal narrowing (18,19).

vasospastic contribution to ischemia should be suspected
hen there is marked variation in the exercise threshold for

ngina (18), and when there is evidence of myocardial
schemia with little or no coronary luminal narrowing.
resently, no widely accepted noninvasive test exists for
liciting and quantifying vasospastic angina in the setting of
onobstructive or mildly obstructive coronary arteries. The
ccurrence of ST-segment elevation during exercise testing
ppears to correlate with the degree of disease activity (i.e.,
hose with more frequent episodes of angina will more likely
ave a positive test) (21). Provocative testing with
rgonovine-related substances during coronary arteriogra-
hy is rarely used (22), but remains the only test recom-
ended in current practice guidelines (23). However, forced

yperventilation testing, particularly when combined with
uclear perfusion imaging, may be a useful noninvasive test
ot requiring the administration of ergonovine (24). The
isk associated with participation in sports for athletes with
oronary artery spasm is not known, but we recommend a
autious approach to patients with documented coronary
asospasm until the risk of physical exertion for these
atients is better defined.

ecommendations:

. Athletes with CAD as previously defined and clinically

important coronary artery vasospasm should follow the
evaluation and risk stratification approach delineated
for athletes with coronary atherosclerosis.

. 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.

AD IN CARDIAC TRANSPLANT RECIPIENTS

rthotopic transplanted hearts develop an accelerated form
f coronary vasculopathy, usually detected by serial coronary
ngiography or intravascular ultrasound studies, that is a
eading cause of death after the first post-transplant year
25,26). The coronary disease is different from that seen in
on-transplanted hearts with coronary atherosclerosis; the
isease is diffuse and characterized by pronounced intimal
hickening and involvement of the entire coronary tree.
iscrete stenoses of epicardial arteries can coexist in some

nstances. Cardiac allografts are denervated, and although
ome recipients may develop a degree of sympathetic rein-
ervation, acute coronary syndromes may present with
typical symptoms as opposed to angina (27). Noninvasive
esting for CAD is less sensitive in the transplant recipient;
any patients do not achieve VO2max, and cardiac denerva-

ion can limit peak heart rate response and symptoms.
rovocative myocardial perfusion imaging can fail to detect

schemia (25,27) although dobutamine echocardiography
as been shown to predict subsequent ischemic cardiac
vents (26,28–31) after the first three to five years post-
ransplant. In many cardiac transplant centers, a normal
tress echocardiogram justifies postponement of annual
oronary angiography (26,28–31). Coronary angiography
an also underestimate disease severity because of the diffuse
ature of the CAD process; intravascular ultrasound studies

ncrease the sensitivity (26).

valuation.
. 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.

. 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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ecommendations:

. 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.

. 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.

. 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.

YOCARDIAL BRIDGING

yocardial bridging is a condition in which a segment of
ajor epicardial coronary artery (most commonly the left

nterior descending) is tunneled within and completely
urrounded by LV myocardium. Myocardial bridging is
ound in approximately 30% of hearts examined at necropsy
32), but is visualized during angiography in less than 5% of
atients probably because the thin bridges identified at
ecropsy cause little anatomic compression during systole
32). Consequently, most tunneled epicardial coronary ar-
eries appear to be of little clinical significance, but this

alformation has occasionally been associated with
xercise-related sudden death (33,34) and exercise-induced
ngina pectoris (35). Clinically significant myocardial
ridges have a long deeply-tunneled segment and are
ssociated with regional ischemia. Treatment options in-
lude medical management with beta-adrenergic or calcium
hannel-blocking agents, coronary stenting, and surgical
esection of the myocardial bridge.

However, coronary stenting has been associated with
estenosis and periprocedural complications in 50% of cases
32). Surgical resection in selected symptomatic patients has
een shown to reduce angina (35) and improve myocardial
lood flow (36). Task Force 4: HCM and Other Cardio-
yopathies, Mitral Valve Prolapse, Myocarditis, and
arfan Syndrome provides recommendations for the man-

gement of myocardial bridging in patients with hypertro-
hic cardiomyopathy (HCM).

ecommendations:

. 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.

. Athletes with myocardial bridging of an epicardial

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

. 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
rtery anomalies, including those originating from the
rong coronary sinus, are provided in Task Force 1:
reparticipation Screening and Diagnosis of Cardiovascular
isease in Athletes.

doi:10.1016/j.jacc.2005.02.013
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ENERAL CONSIDERATIONS

uidelines for athletic participation are needed to reduce
he risk for arrhythmia-related morbidity or mortality.

owever, it is often difficult to establish the importance of
cardiac rhythm disturbance in assessing an athlete’s

ligibility for competition. Few data exist that have been
btained prospectively from well-designed, scientifically
cceptable studies to determine whether a particular rhythm
isturbance predisposes an athlete to sudden death or to
ymptoms, such as syncope or presyncope, that could
recipitate severe injury. Sudden unexpected cardiac death
n the young is rare, estimated at less than 1% of that
bserved in adults. Nonetheless, a significant proportion of
hese deaths occur in relation to exercise (1). The deaths of
everal prominent athletes have focused attention on ath-
etes with known arrhythmias.

Arrhythmias commonly are evanescent, often disappear-
ng unpredictably for long periods of time, in some cases
ears. If they recur when the athlete is not exercising, the
rrhythmia may not be noted or may not produce significant
ymptoms. The same arrhythmia may minimally affect a
ompetitive golfer but severely incapacitate other athletes,
uch as cross-country skiers, performing at peak physical
ffort. The athlete may not develop the arrhythmia during
ach sporting event. Although the reasons for this are not
nown, factors related to the autonomic nervous system
robably play a very important role in determining whether
n arrhythmia occurs and its rate and effect on hemody-
amic responses and symptoms. Autonomic “tone” probably
aries greatly and perhaps unpredictably between and within
thletic events and from one athlete to another. Mental
tress during competition can produce important electro-
hysiologic and hemodynamic changes that are probably
ediated through the autonomic nervous system.
It is important to understand the range of normal heart

ate and rhythm for the trained athlete. Heart rates of 25
eats/min and sinus pauses lasting greater than 2 s may be
ound on 24-h Holter ambulatory electrocardiographic
ECG) recordings. Type I second-degree atrioventricular
AV) block and single uniform premature ventricular com-
lexes each may occur in approximately 40% of athletes.
omplex ventricular arrhythmias (multiform premature

entricular complexes, couplets, nonsustained ventricular
achycardia) are less common (2,3).

Many of our conclusions result from data obtained in
on-athletes, from general perceptions, or experience and

rom a heavy input of “what seems reasonable.” Decision- a
aking based on this type of logic is often faulty but is the
est available. Recommendations and guidance need to be
alanced between an effort to avoid restricting activity
nduly and the hope of reducing the risk of death and injury
ue to a rhythm disturbance.
Despite the lack of complete information, some firm

onclusions can be reached. Certain arrhythmias, such as
entricular tachyarrhythmias, create symptoms and are dan-
erous in and of themselves regardless of the clinical
ituation in which they occur (4). These arrhythmias gen-
rally are characterized by very rapid or very slow heart rates
hat significantly compromise cardiac output, coronary or
erebral blood flow, or maintenance of blood pressure. Such
rrhythmias may include atrial flutter or atrial fibrillation
ith uncontrolled ventricular rates of 200 to 300 beats/min,
sually (but not exclusively) in athletes with Wolff-
arkinson-White (WPW) syndrome, rapid sustained ven-

ricular tachycardias, and AV block, or sinus node disease
ith very slow ventricular rates. Certain persistent arrhyth-
ias, such as chronic tachycardias, can worsen cardiac

unction by a process called “remodeling” (5). Other ar-
hythmias, such as AV nodal re-entrant tachycardia, gener-
lly well-tolerated in most people, may not produce impor-
ant symptoms at rest but only during exercise in athletes
ith structural heart disease due, in part, to an increase in

he tachycardia rate. Arrhythmias that might otherwise be
nnocuous and no more than a nuisance might, under
onditions of participation in certain sports involving body
ontact or high speed, place the athlete at risk of injury or
eath because of transient impaired mental function causing

oss of physical control. For example, it is possible that an
thlete with supraventricular tachycardia participating in
otentially dangerous sports, such as diving, downhill ski-
ng, or auto racing, may be at greater risk because of
izziness, near syncope (a feeling of impending loss of
onsciousness), or syncope than if he or she were playing
asketball or baseball.
The search for significant structural heart disease is an

mportant element in evaluating athletes with arrhythmias
rior to sports participation. Some athletes with coronary
rtery disease (CAD), hypertrophic cardiomyopathy, ar-
hythmogenic right ventricular cardiomyopathy (ARVC),
ortic stenosis, some inherited cardiac channelopathies like
ongenital long QT syndrome (LQTS) (6), and other forms
f congenital heart disease, including repaired congenital
eart disease, are probably at greater risk for cardiac arrest

nd sudden death during and, perhaps, just after exercise.
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his is probably true whether or not arrhythmias have been
ecognized previously. In general, athletes with symptoms
ossibly related to cardiac arrhythmia, such as exertional- or
uditory-triggered syncope, near syncope, and palpitations,
hould be carefully evaluated (see Task Force 2: Congenital
eart Disease) before being permitted to participate in

ompetitive sports. A consideration of cardiac hemody-
amic status is critical because right or left ventricular
ysfunction is an additional important predictor of arrhyth-
ic death. The presence of a significant rhythm distur-

ance, such as a rapid supraventricular or ventricular tachy-
rrhythmia in athletes with abnormal cardiac hemodynamic
tatus (from any cause), itself is definitely incompatible with
articipation in all competitive sports. However, it is im-
ortant to emphasize that some disease states, such as a
yocarditis, can produce arrhythmias that can be self-

imited, with subsequent full recovery.
In general, all athletes with significant cardiac arrhyth-
ias being considered for athletic activity should have a

areful cardiac examination, a 12-lead ECG, echocardio-
ram, exercise test, and, in some, a long-term 24-h Holter
mbulatory ECG recording, if possible during the specific
ype of exercise being considered. Arrhythmias, as discussed
n the various Task Force documents, are usually identified
y exercise testing or some form of long-term monitoring
including ambulatory Holter and event recording). Ar-
hythmias precipitated during the specific type of exercise
eing considered can be important because a conventional
xercise test may not replicate the specific clinical situation
roduced by actively participating in the sport. In this
egard, exercise tests may need to be adapted specifically for
he athlete; that is, to begin exercise at peak energy
xpenditure, as a sprinter in a race might, rather than with
he slow increase in workload commonly used in testing
thletes with CAD. Resuscitation equipment and trained
ersonnel may be needed on a standby basis.
All athletes with an arrhythmia who are permitted to

ngage in athletics should be re-evaluated at 6 to 12 month
ntervals after they are trained, to determine whether the
onditioning process affected the arrhythmia. It should also
e stressed that athletes with arrhythmias controlled by
ntiarrhythmic drugs may stop taking these drugs for a
ariety of reason and, therefore, compliance with recom-
ended therapy, as well as evaluation for recurrence of

ymptoms, must be established periodically. Abuse with
rugs like cocaine or ephedra can precipitate life-
hreatening arrhythmias, and such considerations are an
mportant part of the evaluation. Of note, the use of certain
ardioactive drugs, such as beta-adrenergic blocking agents,
s banned in some competitive sports (see the Introduction).
n addition, it is important to realize that the cat-
cholamines released during exercise may counteract the
alutary effects of some antiarrhythmic agents. For some
rrhythmias, an ablation approach, usually with a catheter
nd usually with radiofrequency energy, to eliminate the

rrhythmia may be preferable to drug treatment. Other t
blation energies, such as cryoablation, or other approaches
uch as surgery, can be used as indicated. After successful
blation of the arrhythmia, a return to athletics can be
ithin days for those in whom repeated attempts at tachy-

ardia induction during isoproterenol administration is un-
uccessful, and in whom the tachycardia was easily induced
rior to ablation. For those in whom such provocative
esting is not performed, waiting two to four weeks seems
dvisable.

It may be difficult for team physicians and consultants
rom the local community to make objective decisions to
estrict or proscribe sports for a competitive athlete. Bor-
erline cases can be reviewed by non-biased experts for the
urpose of helping make these decisions. Whether that
pproach can be practically implemented has not been
etermined. Alternatively, it has also been suggested that in
uch borderline cases, both appropriate emergency equip-
ent and medical professionals versed in the operation of

hat equipment be present at all practices and games.
owever, there is considerable concern with regard to this

ractice because its safety and efficacy have not been
stablished. Indeed, the practical implementation and reli-
bility of this approach to reverse potentially lethal arrhyth-
ias in out-of-hospital settings for the competing athlete is

ighly questionable.

YNCOPE

nexplained syncope in an athlete is a potentially important
ymptom that mandates a thorough evaluation. It may be
ue to a variety of causes, including cardiovascular disease;
lternatively, it may not be associated with either structural
eart disease or a primary electrical disorder but rather to
echanisms such as vasovagal syncope, which is a common

nding in highly trained athletes. Although vasovagal syn-
ope may be compatible with continued participation in all
ompetitive sports, caution should be used in making this
iagnosis in highly trained athletes without first definitively
xcluding underlying structural cardiovascular disease. A
ardiac arrhythmia should be considered, particularly when
yncope occurs during or immediately after exercise.

A cause of syncope can be established in approximately
0% of patients. Often, a careful history and physical
xamination will identify the etiology (7). When such an
valuation does not determine the cause, further testing in
earch of an arrhythmia is indicated. Ambulatory ECG
ecordings are often unrevealing but nevertheless probably
orthwhile to obtain during the initial evaluation. Event or

oop recorders or implantable devices can be used to increase
he ECG sampling time. Tilt-table testing has been used to
ssess patients at risk for vasovagal syncope, but the lack of
pecificity of this test (particularly in endurance-trained
thletes in whom false-positive results can occur) requires a
articularly cautious interpretation of the results. Exercise
esting is useful and is optimally performed while recording

he ECG during the athletic activity in which the person
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articipates. Provocative catecholamine stress testing with
ither epinephrine, procainamide, or isoproterenol may be
seful to unmask cases of concealed LQTS, Brugada syn-
rome (BrS), or catecholaminergic polymorphic ventricular
achycardia (CPVT) (8). Invasive electrophysiologic testing
s most likely to identify an arrhythmia responsible for
yncope in those patients with structural heart disease or an
bnormal ECG but can be considered in other athletes
hen no other cause of the syncope has been identified,

emembering that the diagnostic yield of invasive electro-
hysiologic testing is low in the absence of structural heart
isease.

YPES OF ARRHYTHMIAS

isturbances of sinus node function. Sinus tachycardia
nd sinus bradycardia appropriate for the clinical situation
re not considered abnormal, and no tests are necessary.
inus arrhythmia and wandering pacemaker are generally
onsidered normal, and no tests are necessary unless the
rrhythmias result in inappropriately slow rates accompa-
ied by symptoms. Sinus arrhythmia and sinus bradycardia
re particularly common in the trained athlete.

Asymptomatic sinus pause or sinus arrest (less than 3 s) is
robably of no significance. Longer symptomatic pauses,
inoatrial exit block, and sick sinus syndrome are considered
bnormal, and athletes should have a 12-lead, 24-h ECG,
nd an exercise test. Mutations involving the cardiac sodium
hannel encoded by SCN5A has been demonstrated in some
atients with progressive cardiac conduction disease and
ongenital sick sinus syndrome (9,10). In an occasional
thlete experiencing syncope or near syncope, an electro-
hysiologic study may be indicated and reveal abnormal
inus node function, but in general, invasive electrophysi-
logic testing is not helpful. Echocardiography should be
erformed to exclude structural heart disease; other tests to
valuate ventricular or valvular function may be indicated.

ecommendations:

. 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.

. 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.

. 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.
. 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.

. 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.

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

ecommendation:

. Athletes can participate in all competitive sports.

trial flutter (in the absence of WPW syndrome). In the
bsence of an acute, limiting illness, sustained atrial flutter is
n uncommon rhythm disturbance in athletes without
tructural heart disease. Therefore, an echocardiogram
hould be performed to evaluate cardiovascular structure and
unction. Because the potential for very rapid ventricular
ates exists if the atrial flutter conducts 1:1 to the ventricles,
CG determination of the ventricular response during an

xercise test or athletic event during treatment is essential.
or some patients with paroxysmal atrial flutter, induction
f the arrhythmia by electrical stimulation may be consid-
red before the exercise test, recognizing the difficult logis-
ics in doing this. A 12-lead ECG and, at times, long-term
4-h ECG may be necessary. Asymptomatic athletes who
ave transient episodes of atrial flutter lasting less than 10 s
hat do not increase in duration during exercise can partic-
pate in all sports.

ecommendations:

. 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).
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. 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.

. 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.

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

trial fibrillation (in the absence of WPW syndrome). At-
ial fibrillation is far more common than atrial flutter and
ay be present intermittently or chronically (11,12). Eval-

ation should include a search for the cause, such as
hyrotoxicosis. More often atrial fibrillation occurs in asso-
iation with diseases such as CAD or hypertension. Evalu-
tion includes determination of the ventricular response
uring athletic activity or an exercise test comparable to the

ntended athletic competition. For some patients with
aroxysmal atrial fibrillation, electrical induction of atrial
brillation before the exercise test may be necessary, recog-
izing the difficult logistics in doing this. A 12-lead ECG is
ecessary, and long-term 24-h ECG recordings and an
chocardiogram are helpful in establishing the presence of
tructural heart disease. Asymptomatic athletes who have
pisodes of atrial fibrillation of 5 to 15 s that do not increase
n duration during exercise can participate in all sports.

ecommendations:

. 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.

. 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.

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

. Athletes without structural heart disease who have
elimination of atrial fibrillation by an ablation tech-

nique, including surgery, may participate in all com- c
petitive sports after four to six weeks without a
recurrence or after an electrophysiologic study has
confirmed non-inducibility.

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

ecommendations:

. 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.

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

. 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.

V junctional escape beats/rhythm. Atrioventricular
unctional escape beats and junctional rhythm are common
n athletes. The clinical approach and final recommenda-
ions are the same as those given earlier for symptomatic
thletes with disturbances of sinus node function.
remature AV junctional complexes. If the athlete is
symptomatic except for occasional episodes of palpitations
hat do not suggest a sustained tachycardia, evaluation need
nclude only a 12-lead ECG. In some athletes, a 24-h ECG
ecording (during athletic activity if possible), echocardio-
ram, and an exercise test may be indicated.

ecommendations:

. 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.

. 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.

on-paroxysmal AV junctional tachycardia. A form of
unctional tachycardia, so-called junctional ectopic tachycar-
ia, can be found in a permanent form in infants less than
ix months old, whereas a transient form occurs mostly in

hildren but occasionally in adults (13). Most adults have a
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lower form of non-paroxysmal junctional tachycardia.
valuation generally includes a 12-lead ECG, echocardio-
ram, exercise test, and 24-h ECG recording during activ-
ty. Invasive studies may be necessary for some symptomatic
atients or for those with very rapid ventricular rates.

ecommendations:

. 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.

. 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.

. 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.

upraventricular tachycardia. Atrioventricular nodal re-
ntrant tachycardia and AV re-entry over a concealed
ccessory pathway (with only retrograde conduction) (4,14)
re included in this category. If the diagnosis of the
upraventricular tachycardia cannot be made with certainty,
nd if other clinical therapeutic circumstances warrant it,
nvasive electrophysiologic studies might be indicated. It is
mportant to identify the rate response of the supraventric-
lar tachycardia during exercise. If the exercise does not
nduce the tachycardia, attempts to induce the supraventric-
lar tachycardia (possibly with atrial or esophageal pacing)
ay be useful, followed once again by an exercise test

erformed by the athlete when the supraventricular tachy-
ardia has been initiated. The logistics to accomplish this
ay be difficult. Asymptomatic athletes who have episodes

f supraventricular tachycardia of 5 to 10 s that do not
ncrease in duration during exercise can participate in all
ports.

ecommendations:

. 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.

. 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 p
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.

. 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.

. 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.

entricular pre-excitation (WPW syndrome). Required
oninvasive tests include a 12-lead ECG, exercise test, and
chocardiogram to exclude associated cardiovascular abnor-
alities. In some instances, a 24-h ECG recording during

thletic activity may be indicated. Electrophysiologic studies
re indicated in athletes with symptoms of impaired con-
ciousness, long-lasting palpitations, or rapid rates in whom
n ablation procedure is indicated.

In asymptomatic athletes with no history of palpitations
r tachycardia and no evidence of structural cardiac abnor-
alities, further evaluation may not be necessary. However,

he optimal management for these athletes is uncertain, and
ontinues to be debated (15,16). Furthermore, the younger
he patient, the less time the patient has had to develop
ymptoms, and so the distinction between symptomatic and
symptomatic WPW syndrome may be less meaningful in
he pediatric population. Sudden death in athletes with
re-excitation is rare, and it appears to be confined largely to
hose with accessory pathways that have short refractory
eriods. Therefore, it may be advisable in selected asymp-
omatic athletes who anticipate moderate or high level
ctivity to undergo electrophysiology study to determine the
nterograde refractory period of the accessory pathway, the
inimum RR interval between pre-excited complexes in

trial fibrillation, and the number of accessory pathways.
ndividuals with multiple accessory pathways or ventricular
ates exceeding 240 beats/min should be offered catheter
blation of the accessory pathway (17,18). For those athletes
ith a history of palpitations, syncope, or near syncope, it is
andatory to assess the functional capabilities and electro-
hysiologic properties of the accessory pathway.
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ecommendations:

. 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.

. 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.

. 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.

. 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.

remature ventricular complexes. Noninvasive tests rec-
mmended include a 12-lead ECG and exercise test. If
here is evidence to suggest the presence of structural heart
isease, an echocardiogram is indicated, and a 24-h ECG
ecording may be beneficial. Even without evidence of
tructural heart disease, if an increase in the number of
remature ventricular complexes or complex ventricular
rrhythmias occurs during exercise (with or without treat-
ent, or substantial reduction or abolition following a

eriod of deconditioning), further evaluation may be indi-
ated. In some of these athletes thought to have a structur-
lly normal heart, cardiac catheterization and angiography
ay reveal otherwise undetected abnormalities, including
ccult CAD, congenital coronary anomalies, ARVC, car-
iac tumor, or evidence of cardiomyopathy. The more
ecently recognized channelopathy known as CPVT should
e considered (see the following text).
Frequent and complex ventricular tachyarrhythmias are

ommon in trained athletes; they are usually unassociated
ith underlying cardiovascular abnormalities and do not

ppear to convey increased risk (18). Deconditioning usually
esults in loss or diminution of these arrhythmias, providing
vidence of their benign clinical nature (19).

ecommendations:

. 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.

. 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.

entricular tachycardia (VT). Nonsustained or sustained
onomorphic or polymorphic VT is always a potentially

erious occurrence. Noninvasive tests to be performed in-
lude a 12-lead ECG, exercise test, and echocardiography.
n some patients, 24-h ECG recording during exercise may
e indicated. Echocardiography, cardiac catheterization,
nd electrophysiologic study should be considered to verify
hat the heart is structurally normal and to establish the
echanism or location, or both, of the VT. A possible

xception is the patient with accelerated idioventricular
hythm, in which the ventricular rate is similar to the sinus
ate. In such patients, if they have no significant structural
eart disease, the approach should be similar to that in

ndividuals with premature ventricular complexes.

ecommendations:

. 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.

. 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.

. 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.

. 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.

entricular flutter and ventricular fibrillation.

ecommendation:

. 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 A
may engage in class IA competitive sports. Recom-
mendations in the section on VT also apply.

irst-degree AV block. In asymptomatic athletes with
tructurally normal hearts, if the QRS complex is normal,
o further evaluation other than a 12-lead ECG is neces-
ary. If the QRS complex is abnormal, or the PR interval is
xcessively prolonged (0.3 s or more), an exercise stress test,
4-h ECG recording and echocardiogram may be indicated.
ossibly an EPS might be necessary to determine the site
nd duration of conduction delay.

ecommendation:

. 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.

ype 1 second-degree (Wenckebach) AV block. Wenck-
bach AV nodal block can be present in otherwise normal,
ell-trained endurance athletes (4). Recommended evalua-

ions include a 12-lead ECG, exercise test, and echocardio-
ram. A 24-h ECG recording during athletic activity may
e indicated in some athletes. In those athletes with type 1
econd-degree AV block and co-existing bundle-branch
lock, EPS may be indicated to identify the presence of
is-Purkinje Wenckebach block.

ecommendations:

. 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.

. 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.

. 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.

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

ype 2 second-degree (Mobitz) AV block. The evolution
nd treatment of this abnormality is considered to be the
ame as in acquired complete heart block. It should be
reated with permanent pacing before any athletic activity.

thletes with pacemakers should not participate in compet-
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tive sports that pose a danger of bodily collision because
uch trauma may damage the pacemaker system. Before
llowing athletes to engage in these activities, an exercise
est should be done at the level of activity demanded by the
articular sport to be certain that the paced heart rate
ncreases appropriately.

ongenital complete heart block. The clinical approach
o evaluating the severity of the cardiovascular abnormality
ncludes an echocardiogram, 12-lead ECG, 24-h ECG
ecording during exercise, and exercise stress test (exercise
esting should be performed at the same exercise level as
hat during the sports activity).

ecommendations:

. 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.

. Athletes with ventricular arrhythmia, 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.

. 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.

cquired complete heart block.

ecommendations:

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

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

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

ecommendation:

. Athletes without ventricular arrhythmias who do not
develop AV block with exercise and who have no

symptoms can participate in all competitive sports p
consistent with their cardiac status. This also applies
to athletes with associated left-axis deviation.

omplete left bundle-branch block. Evaluation includes
12-lead ECG, exercise test, and echocardiogram. In some

nstances, a 24-h ECG recording may be indicated. Because
f the rarity of acquired left bundle-branch block in children
nd its association with syncope from presumed paroxysmal
V block, an invasive EPS should be considered in young
atients.

ecommendations:

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

. 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.

. 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.

nherited arrhythmia syndromes. LONG QT SYNDROME.

he definitive clinical diagnosis of congenital long QT
yndrome (LQTS) can be complex (20). Debate continues
s to what QTc constitutes the upper limit of normal. An
ncreasing proportion of asymptomatic individuals with
enetically proven LQTS are found to have a normal resting
CG with a heart rate corrected QT interval (QTc) by
azett’s formula of less than 460 ms (genotype positive/
henotype negative LQTS). In addition, a QTc of 440 ms,
sed in the past as an upper limit of normal, is present in far
oo many normal individuals (greater than 25%) to serve as
meaningful upper limit cut-off value. In general, a QTc of
70 ms or more in males and 480 ms or more in females
equires further investigation as to the presence of congen-
tal (or acquired) causes of QT prolongation. A patient with
QTS and a resting QTc of 500 ms or more is generally
onsidered at increased clinical risk for a significant arrhyth-
ia (21). One approach to the diagnosis of congenital
QTS is to utilize the “Priori-Schwartz” score that incor-
orates QTc, T-wave morphology, symptomatic presenta-
ion, and family history into the diagnostic algorithm (21).

“Priori-Schwartz” score of 4 or more suggests high
linical probability for LQTS. In addition, genetic testing
or the five cardiac ion-channel genes responsible for 75% of
QTS (LQT1, LQT2, LQT3, LQT5, and LQT6) is now
vailable as a commercial diagnostic test (22).

Mutations involving the structural protein ankyrin-B
nderlie the rare LQT4 form (23). Mutations involving the
CNJ2-encoded IK1 potassium channel account for ap-

roximately one-half of Andersen-Tawil syndrome (ATS1)
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haracterized by abnormal U waves, a prolonged QU
nterval, periodic paralysis, and facial and skeletal dysmor-
hisms. The ATS1 has been annotated in the past as
QT7.
Physical exertion (particularly swimming) appears to be a

ommon trigger for ventricular arrhythmias in LQT1,
hereas individuals with LQT2 seem more at-risk to

uditory/emotional triggers, and patients with LQT3 may
e at greater risk during rest and inactivity (24,25). How-
ver, exceptions to these genotype-phenotype correlations
inder genotype-specific tailoring of competitive sports
ecommendations. The entire personal and family pheno-
ype must be incorporated before any eligibility or disqual-
fication decision is rendered.

ecommendations:

. 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.

. 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).

. Patients with genotype-positive/phenotype-negative
LQTS (i.e., identification of a LQTS-associated mu-
tation in an asymptomatic individual with a nondiag-
nostic QTc) 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.

. 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.

HORT QT SYNDROME. Individuals with the short QT
yndrome (SQTS) (QTc less than 300 ms) have a short QT
nterval and ventricular refractory period, and at least some
f them have “gain-of-function” abnormalities in either IKr

KCNH2) or IKs (KCNQ1) (26).

ecommendation:

. Until the phenotype of SQTS is better understood, a

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

ATECHOLAMINERGIC POLYMORPHIC VENTRICULAR

ACHYCARDIA (CPVT). Approximately one-half of patients
ith CPVT is pursuant to mutations involving the RyR2-

ncoded ryanodine receptor (sarcoplasmic reticulum cal-
ium release channel). Such individuals are vulnerable to
xercise-induced VT/ventricular fibrillation.

ecommendations:

. 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.

RUGADA SYNDROME (BrS). Brugada syndrome (29), char-
cterized by an accentuated J-wave primarily in leads V1
hrough V3, with ST-segment elevation, often followed by

negative T-wave and an R prime, may be the cause of
udden unexplained death syndrome, typically during sleep.
nly 15% to 20% of BrS is established as a channelopathy

ue to mutations involving the SCN5A-encoded alpha
ubunit of the cardiac sodium channel (30). Individuals with
rS and no previous cardiac arrests may have a high risk of

udden death if they have inducibility of ventricular arrhyth-
ias and a previous history of syncope (28). Hyperthermia

an potentially unmask the Brugada ECG pattern in pa-
ients with BrS, who can then display fever-induced poly-
orphic VT. Death often occurs with mild activity or

uring sleep.

ecommendations:

. 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.

. 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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his classification of sports has been developed to allow a
undamental question to be addressed: whether it is reason-
bly safe to recommend that an athlete with a specific
ardiovascular abnormality be eligible for a particular com-
etitive sport (1,2). We recognize that cardiovascular disease
ssessments are imprecise and may change over time and be
nfluenced by exercise training. Furthermore, there are
otentially life-threatening aspects to the nature of the risk
nvolved. We have attempted to incorporate these realities
nto the classification system.

Sports can be classified according to the type and inten-
ity of exercise performed and also with regard to the danger
f bodily injury from collision, as well as the consequences
f syncope. Exercise can be divided into two broad types:
ynamic (isotonic) and static (isometric) (3–6).
Dynamic exercise involves changes in muscle length and

oint movement with rhythmic contractions that develop a
elatively small intramuscular force; static exercise involves
evelopment of a relatively large intramuscular force with

ittle or no change in muscle length or joint movement.
hese two types of exercise should be thought of as the two
pposite poles of a continuum, with most physical activities
nvolving both static and dynamic components. For exam-
le, distance running has low static and high dynamic
emands, water skiing has principally high static and low
ynamic demands, and rowing has both high static and
ynamic demands.
The terms dynamic and static exercise characterize activity

n the basis of the mechanical action of the muscles
nvolved and are different from the terms aerobic and
naerobic exercise. The latter characterize activity on the
asis of the type of muscle metabolism. Most high-intensity
tatic exercise is performed anaerobically, whereas high-
ntensity dynamic exercise lasting for more than several

inutes is performed aerobically. However, some dynamic
xercises, such as sprinting or jumping, are performed
rimarily anaerobically. Thus, many sports are placed in the
igh dynamic category, including such diverse activities as
kiing (cross country), running (distance), soccer, and
quash. Because the cardiovascular demands of very high
esistance dynamic exercise are similar to sustained static
xercise, those sports that have either a sustained static
omponent or a very high resistance dynamic component
re classified together as high-intensity static exercise (e.g.,
eightlifting, gymnastics, and field events [throwing]).
The two primary factors determining the cardiovascular

isk of competitive sports are, clearly, the athlete’s abnor-
ality and the stress under which it is placed by the sport.

his involves: 1) the specific cardiovascular diagnosis and its c
athophysiological consequences; and 2) the cardiovascular
esponse to the demands of the sport during both compe-
ition and training, which a competitive athlete in a sport
ay typically or reasonably be expected to undertake. The

tress of the sport involves both static and dynamic compo-
ents that determine the cardiovascular demands of the
port. Thus, for athletes with cardiovascular abnormalities,
ecommendations regarding eligibility for competition will
ecognize these factors as well as the attendant psychological
tresses that invariably accompany competitive athletics.
he cardiovascular demands produced by training or com-
etition in a particular sport involve the type, intensity, and
uration of the activity, with both peak intensity and total
ork performed as well as attendant neurohumoral effects

nd environmental factors.

ESPONSE AND ADAPTATION TO EXERCISE

he acute responses of the cardiovascular system to dynamic
nd static exercise are summarized in Figure 1 (5,6).
ynamic exercise performed with a large muscle mass

auses a marked increase in oxygen consumption (Fig. 1,
anel A). There is a substantial increase in cardiac output,
eart rate, stroke volume, and systolic blood pressure; a
oderate increase in mean arterial pressure; and a decrease

n diastolic blood pressure. Also, there is a marked decrease
n total peripheral resistance. Static exercise, in contrast,
auses a small increase in oxygen consumption, cardiac
utput, and heart rate, and no change in stroke volume (Fig.
, Panel B). Moreover, there is a marked increase in systolic,
iastolic, and mean arterial pressure and no appreciable
hange in total peripheral resistance. Thus, dynamic exercise
rimarily causes a volume load on the left ventricle, whereas
tatic exercise causes a pressure load. The cardiovascular
esponses during dynamic exercise of a small muscle mass at
ow resistance or during dynamic exercise of a large muscle

ass at high resistance are similar to the responses during
tatic exercise.

The acute response to both dynamic and static exercise
hanges several factors that are important in determining
yocardial oxygen demand: heart rate, wall tension, and

ontractile state of the left ventricle (LV) (7,8). Wall tension
s affected by pressure development and ventricular volume.
n high-intensity dynamic exercise, there is a large increase
n heart rate and an increase in stroke volume that is
chieved by both an increase in end-diastolic volume
Frank-Starling mechanism) and a decrease in end-systolic
olume (increased contractile state). In high-intensity static
xercise, a smaller increase occurs in heart rate and little

hange occurs in end- and end-systolic volumes of the LV.
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owever, arterial pressure and contractile state of the
entricle are increased. Thus, both dynamic and static
xercise increase factors that are important in determining
yocardial oxygen demand.
The chronic adaptation of the cardiovascular system to

epeated bouts of dynamic exercise (training) results in an
ncrease in maximal oxygen uptake (5,6). This is due to an
ncreased maximal stroke volume and arteriovenous oxygen

igure 1. Cardiovascular response to exercise. (A) Response to dynamic
xercise of progressively increasing workload to maximal oxygen consump-
ion. (B) Response to a static handgrip contraction at 30% maximal
oluntary contraction. ABP (mm Hg) � systolic, mean and diastolic
rterial blood pressures; HR (bpm) � heart rate (beats/min); Q (1/min) �
ardiac output (liters/min); SV (ml/beat) � stroke volume; TPR (PRU) �
otal peripheral resistance in peripheral resistance units; VO2 (ml/min/kg) �
xygen consumption (ml/min � body weight in kg). Reprinted with permis-
ion from Mitchell JH, Raven PB. Cardiovascular adaptation to physical
ctivity. In: Bouchard C, Shephard RJ, Stephens T, editors. Physical Activity,
itness and Health: International Proceedings and Consensus Statement (Fig.
7.2). Champaign, IL: Human Kinetics Publishers. Copyright 1994 by
uman Kinetics Publishers, Inc.
ifference. Athletes who train in sports with a high dynamic o
omponent have a large absolute LV mass and chamber size
eccentric hypertrophy) (6,9,10). This eccentric hypertrophy
evelops gradually and correlates with a high maximal
troke volume and high maximal oxygen uptake. Also, the
keletal muscles involved in the dynamic exercise training
ecome more oxidative and less glycolytic with an increase
n the number and size of the mitochondria and an
ncreased number of capillaries. These changes contribute to
he larger maximal arteriovenous oxygen difference seen in
ndurance athletes.

The chronic adaptation of the cardiovascular system to
tatic exercise training results in little or no increase in
aximal oxygen uptake. However, athletes who participate

n sports with a high static component also have a large LV
ass but no increase in chamber size (concentric hypertro-

hy) (6,9,10). In addition, the skeletal muscles involved in
he static exercise training become more glycolytic and less
xidative, and there is an increase in skeletal muscle mass
rimarily by fiber hypertrophy with a small degree of
yperplasia via stem cell activation.

THLETE’S HEART

s previously mentioned, participation in sports with a high
ynamic demand (endurance) or with a high static demand
power) causes an increased cardiac mass and structural
emodeling in many athletes. This finding has been shown
n detail over three decades in a multitude of echocardio-
raphic studies and more recently by cardiac magnetic
esonance imaging (6,9,10). The changes resulting from
raining include enlargement and increased volume of the
ight and LV chambers, sometimes accompanied by in-
reased thickness of the LV wall, and increased size of the
eft atrium, with preservation of systolic and diastolic
unction. Extreme changes in cavity dimensions and LV
all thickness are most commonly associated with training

n rowing, cross-country skiing, cycling, and swimming, but
aradoxically are uncommon as a consequence of training in
ltra-endurance sports (10). The increased cardiac dimen-
ions associated with athletic training are related to body
urface area or lean body mass and consequently are less
ronounced in women (10).
Participation in sports with a high static demand (e.g.,

eightlifting or wrestling) is associated with LV wall
hickness that is usually normal in absolute terms (less than
2 mm) but disproportionately increased in relation to
avity size. More substantial LV wall thickness (13 mm or
ore in men and 12 mm or more in women), occasionally

ncountered in competitive athletes, creates a differential
iagnosis with hypertrophic cardiomyopathy (9,10) (also see
ask Force 1).

LASSIFICATION OF SPORTS

classification of sports is provided in Figure 2, which
elates individual competitive sports to the two general types

f exercise: dynamic and static (3–6). Each sport is catego-
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ized by the level of intensity (low, medium, high) of
ynamic or static exercise generally required to perform that
port during competition. It also recognizes those sports
hat pose significant risk due to bodily collision, either
ecause of the probability of hard impact between compet-
tors or between a competitor and an object, projectile, or
he ground; as well as the degree of risk to the athlete or
thers if a sudden syncopal event occurs. Thus, in terms of
heir dynamic and static demands, sports can be classified
Fig. 2) as IIIC (high static, high dynamic), IIB (moderate
tatic, moderate dynamic), IA (low static, low dynamic), and
o forth. For example, an athlete with a cardiovascular
bnormality that contraindicates a sport that produces a
igh pressure load on the LV may be advised to avoid sports
lassified as IIIA, IIIB, and IIIC. It should be emphasized
hat in terms of the classification of sports matrix presented
n Figure 2, cardiovascular abnormalities designated as
ompatible with a high level of intensity in any particular
ategory also (by definition) permit participation in levels of

igure 2. Classification of sports. This classification is based on peak stat
owever, that higher values may be reached during training. The increasin
xygen uptake (MaxO2) achieved and results in an increasing cardiac output
oluntary contraction (MVC) reached and results in an increasing blood pr
ressure) are shown in green and the highest in red. Blue, yellow, and o
emands. *Danger of bodily collision. †Increased risk if syncope occurs.
esser intensity. For example, if class IC sports are appro- n
riate (low static/high dynamic), then so are classes IA and
B (low static/low and moderate dynamic).

The sports matrix in Figure 2 should not be regarded as
rigid classification, but rather a spectrum in which some

thletes in the same sport could possibly deserve placement
n different categories. Furthermore, some sports involve
eterogeneity with respect to static and dynamic cardiovas-
ular demands in either different athletic disciplines—such
s parallel bars and floor exercises in gymnastics or positions
uch as lineman and running back in football, or goalkeeper
nd mid-fielder in soccer. We have not formulated such
istinctions in the matrix, but these should be taken into
onsideration when making clinical decisions regarding the
ligibility and disqualification for competitive sports.

IMITATIONS OF CLASSIFICATION

here are important limitations to the present classification
f sports according to the type and intensity of exercise
erformed, as presented in Figure 2. For example, it does

dynamic components achieved during competition. It should be noted,
amic component is defined in terms of the estimated percent of maximal
increasing static component is related to the estimated percent of maximal
load. The lowest total cardiovascular demands (cardiac output and blood
depict low moderate, moderate, and high moderate total cardiovascular
ic and
g dyn
. The
essure
ot consider the emotional stress that an athlete experiences
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uring a competitive event, the effects of environmental
actors, electrolyte abnormalities, or the specific training
egimen used by the athlete. Also, for team sports the
lassification is based on the highest cardiovascular demands
hat are experienced during competition and does not
onsider the different cardiovascular demands of specific
ositions.
During all athletic competitions, the athlete’s emotional

nvolvement can substantially increase sympathetic drive,
nd the resulting catecholamine concentrations can increase
lood pressure, heart rate, and myocardial contractility,
hereby increasing myocardial oxygen demand. Also, the
ncrease in sympathetic tone can trigger arrhythmias and
ggravate existing myocardial ischemia. Thus, even in com-
etitive sports such as golf or riflery, which have low
yocardial oxygen demands owing to the exercise required,

ubstantial increases may occur because of emotional in-
olvement during competition. This problem is difficult (if
ot impossible) to quantitate, but it needs to be considered

n determining the eligibility for sports participation of
thletes with existing cardiovascular abnormalities.

Environmental exposure during athletic competition or
raining also needs to be considered. Performance at high
ltitudes or under water may decrease oxygen availability,
hereas excessively hot or cold temperatures and high
umidity can increase myocardial workload for the same

ntensity of exercise. Another potentially relevant environ-
ental factor is air pollution, such as elevated carbon
onoxide levels in a sport such as auto racing.
With the modern application of exercise science to

ompetitive sports, training for competition can, in fact, be
ore demanding on the cardiovascular system than the

ompetition itself. Many training regimens now use heavy
esistance weight training (high static and low dynamic
emand) for increasing strength and power in sports that do
ot include heavy static demands during competition (e.g.,
ennis, basketball). This concept that both the dynamic and
tatic demands of a sport may be greater during training
han in competition must be seriously considered when the
ligibility of an athlete in a given sport is being determined.
lso, in some cases where it is found acceptable for the

thlete to participate in the competitive aspect of a specific
port but the existing training program is considered too

igorous, it may be possible to modify the training regimen i
o as to reduce the cardiovascular demands to an acceptable
evel.

doi:10.1016/j.jacc.2005.02.015
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ENERAL CONSIDERATIONS

thletes commonly use drugs and dietary supplements
ecause they hope to improve athletic performance. These
erformance-enhancing substances include ergogenic and
hermogenic supplements, stimulants, anabolic steroids,
eptide hormones, and others. Despite aggressive marketing
nd user testimonials, scientific studies assessing the benefits
nd risks of any of these substances have not been conducted
1–5). Clinical observations indicate some supplements may
ave serious side effects including fatal adverse reactions (6–8).
thletes should make informed decisions regarding the use of
rugs and dietary supplements with careful consideration of
hat is known and unknown. Health care professionals should

sk about drug and dietary supplements and serve as an
ducational resource for athletes and athletic organizations (9).

Many drugs and supplements are marketed to improve
xercise duration or physical strength, to shorten recovery time
rom exertion, to reduce fat, or in other ways to improve
thletic performance (1–3,10–13). These substances include
nabolic-androgenic steroids and the more than 30 natural and
ynthetic derivatives including tetrahydrogestrinone (THG).
ndrostenedione, commonly referred to as “andro,” and dehy-
roepiandrosterone (DHEA) are available in oral form and are
old as nutritional supplements. Stimulants include amphet-
mines, cocaine, dexadrine, ephedra, ritalin, beta-2 agonists,
nd others (1–3,10–13). Peptide hormones and analogues,
uch as recombinant erythropoietin (EPO), are used as a
harmacologic alternative to “blood doping” or autotransfusion
1–3,10–13). Human growth hormone (hCG), chorionic go-
adotropin, pituitary and synthetic gonadotropins (LH), and
orticotropins (ACTH, tetracosactide) also are used because
hey are believed to improve athletic performance (1–3,10–13).

Dietary supplements are products, other than tobacco,
ontaining vitamins, minerals, amino acids, herbs, or other
otanical dietary substances (1–3,10–13). Some substances
uch as vitamins, minerals, bee pollen, caffeine, glycine,
arnitine, lecithin, brewer’s yeast, gelatin, creatine, protein
upplements, and others probably have minimal toxicity
hen used in recommended doses. Based on serious con-

erns regarding the safety of a popular energy drink with
aurine, caffeine, and glucuronolactone, multiple European
ountries have banned its sale (10). Like most dietary
upplements this drink has not been assessed for efficacy or
oxicity in rigorous scientific studies (1–3,10–13).

Other banned drugs that are not considered performance-

nhancing would come under the designation of recreational
rugs (1–5,13). These include alcohol, cannaboids, seda-
ives, narcotics, LSD, and others that have the potential to
mpair cognitive and physical function and are prohibited
1–3,12,13). The dietary supplement ephedra (ma huang) is
ssociated with life-threatening toxicity and death resulting
n a ban of its sale by the Food and Drug Administration
6–8). Inadequate labeling and insufficient quality control
n the production of many nutritional supplements are also
easons to recommend that athletes not take dietary supple-
ents. Contamination or poor labeling of nutritional sup-

lements are not regarded as adequate defenses by athletic
overning bodies. Recognizing that there may be excep-
ional circumstances where an athlete will require an oth-
rwise prohibited substance for medical purposes, formal
herapeutic exemption mechanisms are available with prior
onsideration and approval (11–13).

Athletic governing bodies should provide comprehensive
ists of prohibited drugs and dietary supplements (1,11–13).
hey should develop a rigorous approach to prevent
erformance-enhancing and recreational drug and dietary
upplement use. The crucial elements of any program
hould include education, counseling, treatment, detection,
nd enforcement. Governing athletic bodies should use all
vailable resources to enhance, supplement, and coordinate
xisting efforts to educate athletes and reinforce the ethical
rinciples inherent in athletic participation. Without such
versight, the integrity of athletics is threatened. Ultimately,
thletes must accept responsibility for the decisions they
ake regarding the usage of drugs and performance-

nhancing substances.
Athletes taking or considering the use of such substances

hould be aware that the safety and efficacy of supplements
sed for improving athletic performance have not been
ddressed in systematic scientific studies. Trainers, exercise
hysiologists, sports nutritionists, athletic governing bodies,
r medical organizations should discourage the use of
ietary supplements by athletes. Serious side effects may
esult from the use of these substances, including cardiac
ypertrophy, myocyte necrosis, myocarditis, fibrosis, coro-
ary thrombosis, and sudden death (even at recommended
osing) (2,3,6–8,10).

ecommendation:

. 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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ask Force 10: Automated External Defibrillators
obert J. Myerburg, MD, FACC, Chair
. A. Mark Estes III, MD, FACC, John M. Fontaine, MD, FACC, Mark S. Link, MD, FACC,
ENERAL CONSIDERATIONS OF
ARDIAC ARREST RISK AMONG ATHLETES

he incidence of out-of-hospital cardiac arrest among the
eneral population of adults is 1 to 2 deaths per 1,000
ubjects per year; a figure that represents 50% of all
ardiovascular deaths (1). For the adolescent and young
dult subgroups, the estimated incidence is 1 per 100,000
er year or less. Available data suggest that among the
ounger population, competitive athletes account for a
ral population in a comparable age group (2–4). In
ddition, among the adult population performing condi-
ioning activities in health clubs, the probability of cardiac
rrest during exertion appears higher than the expected rate
or comparable groups generally, especially among persons
ho exercise despite being habitually sedentary (5).
Within the subgroup of the population age 35 years and

lder, coronary heart disease accounts for approximately
0% of all sudden cardiac deaths (SCDs), with the cardio-
yopathies accounting for another 10% to 15%. In the
ounger age groups, hypertrophic cardiomyopathy, anoma-
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ous coronary arteries, myocarditis, and various other inher-
ted disorders that are associated with arrhythmic risk
ominate the etiologies (1). Although the absolute risk for
he young athlete remains low, the excess compared to the
eneral population in their age group and the life expectancy
ssociated with the underlying diseases in the absence of a
ardiac arrest, suggests the need for aggressive approaches to
he recognition of individuals at risk, and for systems to
espond to unexpected events.

OLE OF AUTOMATED EXTERNAL
EFIBRILLATORS IN RESPONSE TO CARDIAC ARREST

n attacking the problem of SCD, it is unrealistic to assume
hat any single approach—epidemiological surveillance, pri-
ary prevention of disease states, clinical interventions of

stablished diseases, or community-based response sys-
ems—will have a major impact alone. Each strategy has a
ole, in part because a large majority of events occur
nexpectedly in the out-of-hospital environment and are
ot predictable with great accuracy by risk profiling in most
linical circumstances (6).

Because the majority of out-of-hospital cardiac arrests
ccur by the initial mechanism of ventricular fibrillation,
ommunity-based defibrillation strategies have emerged as
ne approach to the SCD problem. Time to defibrillation is
he most important factor in survival from out-of-hospital
ardiac arrest due to ventricular fibrillation (7). Thus,
ommunity deployment of rapid access systems has been
volving since the late 1960s, when portable defibrillators
nitially became available. The first systems were fire
epartment-based paramedical programs, and were fol-

owed years later by the placement of automated external
efibrillators (AEDs) in the hands of non-conventional
rained responders, such as security guards, police, and flight
ttendants (8–15). Most recently, defibrillators were made
vailable to minimally trained or untrained lay responders in
ublic locations such as airports, commercial aircraft, super-
arkets, stadiums, and hospitals (14–17), and have also

een suggested for private residences or neighborhoods (18).
Although survival rates from out-of-hospital cardiac ar-

est remain far lower than desirable, the various out-of-
ospital response strategies have improved the survival rates,

argely based on more rapid response times. Those settings
nd strategies that provide response times from witnessed
nset to initial defibrillation of less than 2 to 3 min can
rovide survival outcomes hovering about 50% (16); but
ates fall sharply with each passing minute thereafter. By 4
o 5 min, survival is 25% or less, and less than 10% after 10
in (19). As a consequence, despite the apparent value of

onventional emergency medical systems and other vehicle-
ased systems such as police responders, additional public
ccess systems are anticipated to provide even faster access
o defibrillation. Such systems are being deployed and tested
20,21). Each has potential or demonstrates added benefit

o survival rates.
EDs AT SITES OF TRAINING AND COMPETITION
mong young athletes, cardiac arrests generally occur during
r shortly after intense training sessions or competition. Al-
hough the incidence of cardiac arrest is extremely low (ap-
roximately 1% of that reported in middle-age and older adult
opulations), the value of prompt and successful resuscitation
nd long-term survival is enhanced by the potential of ex-
ended life over many decades (i.e., much longer than is the
ase for older adults, among whom the extent of underlying
isease results in substantial risk over shorter time periods).
hus, it is considered reasonable to have an AED available for
se at educational facilities, training centers, and sports arenas
nd stadiums, in addition to trained responders among the staff
t each (5,21). The AEDs should be deployed in a distribution
hat can achieve an anticipated response time of 5 min or less
22). When the time from loss of consciousness to availability
f an AED is 5 min or longer, 30 to 60 s of CPR prior to the
rst attempt to defibrillate has been shown to provide a survival
enefit (23).

Although there are only anecdotal observations supporting
he feasibility and impact of this strategy, the rationale is clear
nd should be promoted. In addition, it should be recognized
hat the availability of AEDs during competitive sporting
vents also provides the potential for life-saving support to
pectators and other bystanders. Nonetheless, the availability of
n AED at a sporting event should not be construed as
bsolute protection against a fatal outcome from a cardiac
rrest. Neither should it supersede restrictions against partici-
ation in competitive sports, based upon underlying cardiac
bnormalities, as defined in this document.

ecommendations:

. 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.

. 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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ask Force 11: Commotio Cordis
arry J. Maron, MD, FACC, Chair
FACC
ENERAL CONSIDERATIONS
udden and unexpected deaths of young athletes are most
requently the consequence of unsuspected cardiovascular
iseases (1). However, participants in organized sports are also
bsence of cardiovascular disease—namely, blunt, non-
enetrating, and usually innocent-appearing chest blows, trig-
ering ventricular fibrillation unassociated with structural
amage to the ribs, sternum, or heart itself (commotio cordis)

2,3). Although the precise incidence during competitive
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nd recreational sports is unknown, commotio cordis events
ay be a more frequent cause of sudden death than

reviously believed, and also more common than many of
he cardiovascular diseases that cause these catastrophes (1).

Knowledge of the demographics and clinical profile of
ommotio cordis is based largely on information from the
.S. Registry (Minneapolis, Minnesota) (2,3). Precordial
lows that cause commotio cordis usually are not perceived
o be unusual for the sport or activity involved, nor of
ufficient magnitude to trigger arrhythmic sudden death.
lthough reported at a wide range of ages (3 months to 50

ears), commotio cordis has a predilection for children and
dolescents (mean age 13 years) probably because the young
haracteristically have narrow, pliable chest walls that facil-
tate transmission of energy from the chest impact to the

yocardium.
Commotio cordis occurs in a wide variety of sports, but
ost commonly youth baseball (and softball), ice hockey,

ootball, and lacrosse, with death often caused by projectiles
hat are implements of the competition. Although blows are
ypically of low energy, projectiles may strike the precor-
ium with a range of velocities—paradoxically, and most
ommonly, with only modest force such as a pitched
aseball striking a batter at 30 to 40 mph, but also with
igh-velocity blows from hockey pucks or lacrosse balls (up
o an estimated 90 mph), and frequently with bodily contact
o the precordium such as by karate blows or collisions
etween outfielders tracking a baseball in-flight. Collapse
an be instantaneous or preceded by brief periods of
onsciousness and physical activity. Despite a structurally
ormal heart, survival from commotio cordis is uncommon
i.e., only 15%). However, survival from commotio cordis
as been reported with increasing frequency associated with
rompt cardiopulmonary resuscitation and defibrillation (3).
urvivors of commotio cordis should undergo a complete
ardiac evaluation including electrocardiogram (ECG),
olter ambulatory monitoring, echocardiogram, and possi-

ly cardiac catheterization to exclude underlying structural
ardiac abnormalities.

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

ordis events have even triggered criminal convictions for
anslaughter or murder (4).
A swine model that replicates commotio cordis has

rovided important insights into the mechanisms responsi-
le for the devastating electrophysiologic consequences of
hese precordial blows (5–7). Determinants of ventricular
brillation following a chest blow include impact delivered
t a wide range of velocities directly over the heart, and
iming within a narrow 15-to-30-ms window just prior to

he T-wave peak during the vulnerable phase of repolariza-
ion (representing only 1% of the cardiac cycle) (5–8). The
equirement for such an exquisite confluence of circum-
tances may largely explain the uncommon occurrence of
ommotio cordis.

In addition, spontaneously aborted commotio cordis
vents may occasionally result from blows sustained during
he QRS complex (depolarization), which trigger transient
omplete heart block or nonsustained polymorphic ventric-
lar tachycardia in the animal model (5). Basic cellular
echanisms responsible for commotio cordis are incom-

letely understood, although selective activation of K�
ATP

hannels may play a pivotal role (9).
Several strategies for prevention of commotio cordis

vents, including innovations in the design of sports equip-
ent, have been considered. Softer-than-normal (“safety”)

aseballs reduce risk for ventricular fibrillation under labo-
atory conditions (5,7). Although such projectiles do not
rovide absolute protection from sudden death on the
aseball field (3), nevertheless there is sufficient reason to
ncourage the use of such baseballs in organized play at
ppropriate ages (10). Chest barriers with proven efficacy for
outh sports (e.g., baseball, lacrosse, and hockey) have not
et been developed, and many of the commercially available
roducts offer no or only incomplete protection against
rovoked arrhythmias (3,11). The continued reports of
ommotio cordis events during organized and recreational
ports emphasize the importance of more timely resuscita-
ive efforts, including immediate access to automated exter-
al defibrillators (AEDs) (12,13), and also development of
reventive strategies including design of effective chest
arriers (11).

ecommendations:

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

. Although chest wall protectors may prevent traumatic
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.

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

. 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.

. 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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ask Force 12: Legal Aspects of the
6th Bethesda Conference Recommendations
atthew J. Mitten, JD, Chair
ACC
ENERAL CONSIDERATIONS

n 1994, when the 26th Bethesda Conference recommenda-
ions were formulated, no court had yet considered whether an
thlete with a cardiovascular abnormality could be involuntarily
xcluded from a competitive sport if physicians disagreed in
heir participation recommendations (1–3). However, new
ata have subsequently become available, and several highly
isible cases involving the sudden deaths of elite competitive
thletes (4,5) have brought medical-legal and liability consid-
rations into prominent focus. A 1996 lawsuit brought by a
tudent-athlete claiming the legal right to play intercolle-
iate basketball contrary to a university team physician’s
edical recommendation has established a developing legal

ramework for medical decisions regarding the eligibility or
isqualification of trained athletes with cardiovascular dis-
ase to participate in competitive sports. In this case, Knapp
s. Northwestern University (6,7), a federal appellate court
ecognized the appropriateness of a physician’s reliance on
urrent consensus medical guidelines when making a par-
ular abnormality. Consequently, judicial precedent now
rovides some guidance regarding the role of the present
6th Bethesda Conference recommendations in resolving
egal issues relating to athletic participation disputes.

In the Knapp case, the court upheld Northwestern
niversity’s legal right to accept its team physician’s recom-
endation, which was consistent with the then-current

6th Bethesda Conference guidelines, to medically disqual-
fy a student-athlete from playing college basketball (6).
s a high school senior, Nicholas Knapp suffered sudden

ardiac arrest while playing in an informal basketball
ame, which required cardiopulmonary resuscitation and
efibrillation to restore sinus rhythm. Thereafter, he had a
ardioverter-defibrillator (ICD) implanted. He resumed
laying recreational basketball without any subsequent car-
iovascular events, and three cardiologists medically cleared
im to play college basketball.
Knapp had received a full athletic scholarship at North-

estern University to play intercollegiate basketball. While

orthwestern honored Knapp’s scholarship, it barred him
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rom playing on its basketball team based on the team
hysician’s medical recommendation. The team physician
onsidered Knapp’s medical records and history, the 26th
ethesda Conference recommendations (1), and the opin-

ons of two consulting cardiologists who concluded that
napp would expose himself to a medically unacceptable

isk for ventricular fibrillation during competitive athletics.
All medical experts agreed on the following facts: 1)

napp had suffered a cardiac arrest; 2) even with the ICD,
laying college basketball placed Knapp at a higher risk of
udden cardiac death as compared to other male college
asketball players; 3) the ICD had never been tested under
he conditions of intercollegiate basketball; and 4) no person
urrently played or had ever played college or professional
asketball after having an ICD implanted. However, the
xperts disagreed whether Knapp should be medically dis-
ualified from playing intercollegiate basketball.
The trial court ruled that Northwestern should restore

napp’s eligibility to play on its basketball team and
andated a courtside defibrillator and cardiologist to be

resent at all games and practices. However, the appeals
ourt overruled that decision and held that a university has
legal right to establish legitimate physical qualifications for

ts intercollegiate athletes. Northwestern did not violate the
ehabilitation Act of 1973, a federal law prohibiting dis-

rimination against persons with disabilities, by following
ts team physician’s reasonable medical advice. An athlete

ay be medically disqualified and excluded from a sport if
ecessary to avoid an enhanced risk of death or serious injury
uring competitive athletics that cannot be eliminated through
he use of medication, monitoring, or protective equipment.
he court explained that Northwestern’s decision to exclude
napp 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).

napp eventually left Northwestern and pursued collegiate
asketball at another university where the team physician
leared him to play. Shortly thereafter, his ICD delivered an
pparently appropriate shock during a basketball game.

The present 36th Bethesda Conference recommenda-
ions update the 26th Bethesda Conference guidelines of
994 (1) (which modified the 16th Bethesda Conference
uidelines of 1984), taking into account the most recent and

elevant developments in the diagnosis and management of fi
ardiovascular disease. These new guidelines represent the
ost current consensus opinion of a distinguished group of

ardiologists regarding the medical risks of participation in
ompetitive sports by athletes with cardiovascular abnor-
alities. Thus, we anticipate that the 36th Bethesda Con-

erence recommendations will be recognized and accepted
y physicians but also by the legal community and courts, as
he most contemporary consensus opinion of a distin-
uished expert panel of cardiologists regarding medical
ligibility and disqualification recommendations for com-
etitive athletes with cardiovascular disease.
The Knapp case recognized the appropriateness of phy-

ician reliance on current consensus guidelines in making
edical clearance recommendations. However, the court

id not rule that the 26th Bethesda Conference guidelines
ould always be legally determinative in resolving athletic
articipation disputes involving athletes with cardiovascular
bnormalities. Therefore, consistent with legal precedent es-
ablished by Knapp vs. Northwestern University, a physician
ay justifiably consider and rely upon the updated 36th
ethesda Conference recommendations in making medical
ligibility recommendations for competitive athletes with car-
iovascular disease. Nevertheless, the law continues to require
hat these recommendations be applied on an individualized
asis rather than used to exclude categorically all competitive
thletes who have a particular cardiovascular abnormality.

The Knapp case establishes an important precedent
egarding the medical exclusion of college and high school
thletes with cardiovascular disease from intercollegiate and
nterscholastic athletics, for whom sports is an avocation or
xtracurricular activity incidental to one’s education (6,7). It
s presently uncertain whether this same legal framework
ill be applied to resolve future participation disputes that

nvolve professional athletes (for whom sports is an income-
enerating livelihood) (8). However, it is notable that the
.S. Supreme Court recently held that an enhanced risk of

ignificant harm to personal health is a legitimate ground for
xclusion from employment (9), which suggests that the
egal framework developed in the Knapp case may be
pplied to professional sports.

Currently there is no well-defined legal precedent regard-
ng a physician’s potential malpractice liability for medically
learing an athlete with a cardiovascular abnormality to
articipate in a competitive sport contrary to consensus
ecommendations (10). The law generally requires a physi-
ian to have and use the current knowledge, skill, and care
rdinarily possessed and employed by members of the
edical profession in good standing. The applicable legal

tandard of physician conduct is “good medical practice”
ithin the physician’s area of specialty practice, which
epending on the jurisdiction means either “reasonable,”
customary,” or “accepted” medical care under the circum-
tances (10). This general standard applies to physicians
ho provide cardiovascular medical treatment to a compet-

tive athlete, including evaluation of his or her medical

tness to participate in a sport.
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Courts generally have recognized “guidelines” established
y national medical associations as evidence of good medical
ractice, but they are not conclusive evidence of the stan-
ard of care (11–13). Indeed, consistent with the require-
ents of the federal disability discrimination laws as inter-

reted in the Knapp case, it is important to emphasize that
he Bethesda Conference recommendations permit the
xercise of a physician’s medical judgment in individual
ases. The recommendations do not, per se, rigidly restrict
linical practice or medical decision making. A clinician has
he flexibility to deviate from the recommendations if he or
he believes it is in the best interests of a patient-athlete to
each an alternative decision and strategy.

The controlling legal issue is whether adherence to (or
eviation from) consensus recommendations is consistent
ith reasonable, customary, or accepted medical practice in

n individual patient’s case. Although the recommendations
f the 36th Bethesda Conference do not represent formal
uidelines endorsed by the American College of Cardiol-
gy, they are well-considered views of a group of experts
onvened to address the medical risks imposed by compe-
ition on an athlete with a cardiovascular abnormality.
herefore, deviations from the 36th Bethesda Conference

ecommendations that are nevertheless consistent with good
edical practice and are protective of an athlete’s health may be

ppropriate in particular cases and do not necessarily create
hysician liability for medical malpractice. Conversely, com-
liance with the 36th Bethesda Conference recommendations
equirement, and in future legal disputes may form the basis of
successful defense against allegations of malpractice (14).

doi:10.1016/j.jacc.2005.02.019
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