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GROUPEMENT BELGE DES PEDIATRES DE LANGUE FRANCAISE
74ème réunion – 26 novembre 2016
Salle Dupréel, ULB, av. Jeanne, 44, Bruxelles

L’ENFANT ET LE SPORT :
Du jeu à la compèt !
08H00
08H30

Accueil - Visite des stands, café, croissants
Ouverture des secrétariats

08H55

Ouverture de la réunion scientifique – Dr F. Mascart

Matinée : Sport santé

09H00
09H30
10H00

Modérateurs : Dr G. de Bilderling – Dr B. Suys
Les risques de la spécialisation sportive précoce – Prof B. Jidovtseff (CHU - Liège)
Certificats d’aptitude – Prof H. Nielens (UCL, St-Luc, Bruxelles)
Test à l’effort et notion des seuils – Dr R. Edelman (HUDERF-CHIREC-Charleroi)

10H30
10H50
11H00

Discussion
Flash : Diabète et sport – Dr O. Chivu (CHC, Liège)
Pause Café - Visite des stands

11H30
12H00

Modérateurs : Dr L. Stevens – Dr Edelman
Alimentation/Hydratation – M. S. Pieters (UCL, St-Luc, Bruxelles)
Pathologies de croissance et sport – Prof J-M. Crielaard (CHU, ULg, Liège)

12H30
12H50

Discussion
Flash : A bout de souffle – Dr F. Piérart (CHC, Liège)

13H00

Lunch- Visite des stands

Après-midi : Sport de compétition

14H00
14H20
14H50
15H20
15H35
15h45

16H00
16H10
16H40
17h30
18H00

Modérateurs : Dr O. Robaux – Dr
SESSION GBPF
"Pediavox : les actualités pédiatriques belges" - Dr P. Philippet (président du GBPF)
Ligue Handisport Francophone - M. J. Libert (Charleroi)
Médecin de club : c’est quoi ? – Dr J-P. Castiaux (CHU Charleroi, UCL, St-Luc, Bruxelles)
Flash : Commotion – Dr F. Piérart (CHC, Liège)

Discussion

Pause café – Visite des stands
Modérateurs : Dr S. Moniotte – Dr F. Piérart
Flash : Cardio – Dr S. Moniotte (UCL, St-Luc, Bruxelles)
Motivation et gestion de la pression - Prof P. Godin (UCL, St-Luc, Bruxelles)
Joute éthique : le point de vue du psy : Prof P. Godin (UCL, St-Luc, Bruxelles)
du sportif : Mme Dominque Monami
scolaire et social : M. J-F. Lenvain (Cellule sociale RSCAnderlecht)
Discussion
Fin de la réunion scientifique
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Les risques de la
spécialisation
sportive précoce
Pr Boris Jidovtseff
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Introduction

LE SPORT
Pas de valeur propre mais plutôt un reflet de la société
Evolution très importante depuis le XXème siècle
Sport = outil politique & commercial
Avènement d’évènements planétaires => glorification de la Victoire
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Introduction
Culte de la star sportive

Culte de la performance

Symbole de la réussite

Symbole du bonheur

Rêve des enfants (et des parents)

Donner de l’importance à la performance
Compétitions importantes destinées aux
jeunes
Modèles et objectifs adultes appliqués
aux enfants
Volonté d’offrir le meilleur pour son enfant

Approche élitiste de la pratique sportive
Pression sociale
Peur de louper le bon wagon

Spécialisation sportive précoce
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Qu’est ce que la
spécialisation précoce ?
La spécialisation sportive précoce se définit comme une
pratique sportive spécifique et intense dès l’enfance qui
vise l’apprentissage précoce des techniques spécifiques
d’un sport et la performance.
Exclusion d’autres sports;
Peu de temps aux autres activités et au repos;
La pratique très structurée et peu ludique.
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D’où vient la spécialisation
précoce ?

Commencer une pratique soutenue durant l’enfance permet
d’optimaliser les améliorations;
Relation étroite entre le niveau atteint et la quantité de pratique;
Pratique intense de minimum 10 ans pour atteindre l’excellence;
Apprentissages non réalisés tôt ne pourront être récupérés.
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D’où vient la spécialisation
précoce ?

Traduction des ENTRAINEURS et des PARENTS :
Pour donner une chance à un enfant de devenir un champion, il doit :
Se consacrer tôt à un sport;
Suivre une entraînement intense;
Ne pas perdre de temps ni d’énergie dans d’autres activités.
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Est-ce que cela fonctionne ?
7

Oui, parfois…

André Agassi

Tiger Woods
Amanda Beard

Soeurs Williams
Lindsay Vonn
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Est-ce que cela fonctionne ?
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Mais pas toujours…
Spécialisation précoce => performances précoces
=> aucune garantie d’un succès adulte
La spécialisation précoce n’est pas indispensable au succès
sportif (Baker, 2003, Côté et al, 2009)
La performance chez les jeunes n’est pas prédictive de la
performance adulte (Malina, 2010)
Programmes de détection précoce en URSS et Allemagne montre
que <2% des sélectionnés => élites

Plus l’enfant est jeune et plus la qualité prédictive est faible
(Vaeyen et al, 2009)
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Est-ce que cela fonctionne ?
9

Mais pas toujours…

Age auquel les athlètes Olympiques ont commencé leur sport spécifique

Vaeyens, R., Güllich, A., Warr, C.
R., & Philippaerts, R. (2009).
Talent identification and promotion
programmes of Olympic athletes.
Journal of sports sciences, 27(13),
1367-1380.
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Est-ce que cela fonctionne ?
10

Les sélections sont-elles réellement pertinentes ?
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Est-ce que cela fonctionne ?
11

Les sélections sont-elles réellement pertinentes ?

Les différences de maturation et de croissance brouillent les
cartes
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Les sélections sont-elles réellement pertinentes ?

Croissance hâtive = avantage transitoire dans les sports
“physiques”
Croissance tardive = avantage transitoire dans les sports
“acrobatiques”

Les cartes sont redistribuées après la croissance !
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Est-ce que cela fonctionne ?
Les sélections sont-elles réellement pertinentes ?

Quel est le point commun entre ces personnes ?
Emre Mor (Tur)
Karamoko Dembélé (Ivo)
Cassiano Bouzon Jesus (Bra)
Takefusa Kubo (Jap)
Claudio Gabriel Ñancufil (Arg)
Lucas Patanelli (Ita)

Tous des “futurs”
Lionel Messi !!!

Seung-Woo Lee (Cor)
Rayane Bounida (Bel)
Guldis (lit)
Hachim Mastour (Mar)
Zak Gilsenan (IRL)
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Quels sont les risques d’une
spécialisation précoce ?

Le revers de la médaille…
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Les risques d’une spécialisation
précoce
Barrière motrice
Sport

Si faible base motrice :
•
apprentissages futurs
•
passage d’un sport à un autre
•
reconversions

Jeux, Danse

Habiletés complexes

Barrière de compétence
Habiletés motrices fondamentales
(locomotion, contrôle d'objets, stabilité)

Mouvements réflexes et spontanés
Modèle de d’acquisition des mouvements sportifs, inspiré de Seefeldt, 1980.
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Les risques d’une spécialisation
précoce
Lutte contre la morphologie naturelle
Gymnastique, danse, patinage artistique…
Avantage biomécanique d’une morphologie d’enfant
Régimes drastiques
Surcharge d’entraînement

Balance énergétique négative
Perturbation de la fonction
endocrine (réponse
cathécholaminergique )

Aménorrhée
Ralentissement de la croissance
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Les risques d’une spécialisation
précoce
Importance du patrimoine génétique => “selection naturelle” pour le haut niveau

La série « Athlète » du photographe Howard Schatz

Patinage
artistique
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Les risques d’une spécialisation
précoce
Augmentation des risques de blessures
Appareil
locomoteur
inachevé

Charge
d’entraînement
élevée

Récupération
insuffisante

Répétition de
gestes
stéréotypés

Risque de blessures
Tendinites
Apophysoses
Fractures de fatigue
Etc…
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Les risques d’une spécialisation
précoce
Augmentation des risques de blessures

Jayanthi, N. A., LaBella, C. R., Fischer, D., Pasulka, J., & Dugas, L. R. (2015). Sports-Specialized Intensive Training and the Risk of
Injury in Young Athletes A Clinical Case-Control Study. The American journal of sports medicine, 0363546514567298.
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Les risques d’une specialisation
précoce
Augmentation des risques de blessures

Jayanthi, N. A., LaBella, C. R., Fischer, D., Pasulka, J., & Dugas, L. R. (2015). Sports-Specialized Intensive Training and the Risk of
Injury in Young Athletes A Clinical Case-Control Study. The American journal of sports medicine, 0363546514567298.
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Les risques d’une spécialisation
précoce
Impact psychologique (Gould, 2010)
Stess & anxiété
Sur-implication parentale
Epuisement psychologique et abandons
Isolement social
Interférence avec enfance normale
Pas nécessairement d’amusement
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Le jeux en vaut-il la
chandelle ?
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Le jeux en vaut-il vraiment la
chandelle ?
Le sport de haut niveau concerne très peu de monde

Malina, R. M. (2010). Early sport specialization: roots, effectiveness, risks.
Current sports medicine reports, 9(6), 364-371.

La spécialisation
précoce, c’est
“mettre tous les
oeufs dans le même
panier”
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Quelles alternatives ?
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Quelles alternatives ?
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Adapter en fonction du sport

Sports à Specialisation Hative
(SSH)
Disciplines artistiques/acrobatiques
Gymnastique
GRS
Danse
Patinage artistique
Trampoline
…

Sports à Specialisation Progressive
(SSP)
SSP dominance technique
Tennis
Football
Judo
Hockey
Natation
…

SSP dominance physique
Athlétisme
Haltérophilie
Aviron
Triathlon
Cyclisme
…

Commencer tôt, mais de manière adaptée

Favoriser la diversification sportive précoce
Allonge la carrière;
Réduit les risques de blessures;
Améliore la base motrice => capacité d’apprentissage;
Favorise les transferts d’un sport/poste à l’autre.
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Donner du temps et de l’importance au jeu libre
spontané (non dirigé),
Améliore créativité
Améliore capacité d’adaptation

Donner du temps et de l’importance à l’amusement
Motivation intrinsèque

Laisser du temps aux autres activités durant l’enfance
Proposer des charges d’entraînement et une
alimentation adaptées aux enfants

1.K. Moesch, A. Elbe, M.T. Hauge, and
J.M. Wikman, “Late specialization: the key
to success in centimeters, grams, or
seconds (cgs) sports.”, Scandinavian
journal of medicine & science in sports,
2011.
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Quelles alternatives ?
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Proposer des modèles de competition adaptés
Sortir de la « miniaturisation » des compétitions adultes
Dès règles mieux adaptées aux enfants (ex : zone d’impulsion en
longueur)
Réduction des dimensions du terrain
Matériel adapté
Adaptation de la durée des efforts
Réduction du nombre de joueurs
Réduction du nombre de compétitions (championnat Vs tournoi)
Réduction de la durée des phases de compétition
Réduction des déplacements
Faire participer tout le monde
Pas d’importance aux performances
Valoriser les apprentissages

Ne pas oublier qu’avec les jeunes, l’objectif, c’est
d’apprendre et de s’amuser, pas de gagner !
On donne trop d’importance aux compétitions et pas assez
aux entraînements !
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Modèle Canadien DLTPA

http://canadiansportforlife.ca/

20-30ans
15-20 ans
12-15 ans
9-12 ans
6-9 ans
3-6 ans

DLTPA = Développement à Long Terme du Participant et de l’Athlète
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DMSP = Developmental model of sport participation
29
Performance?
Participation?
Personal development?
INVESTMENT YEARS
High deliberate practice
Low deliberate play
One sport

17
16

RECREATIONAL
YEARS

15
14
13
12
11
10
9

High deliberate play
Low deliberate
practice

SPECIALIZING YEARS
Play and practice balanced
Less involvement in several
sports

SAMPLING YEARS
High deliberate play
Low deliberate practice
Several sports

Performance?
Participation?
Personal
development?

EARLY
SPECIALIZATION
& INVESTMENT
High deliberate
practice
Low
deliberate play

D
R
O
P
O
U
T

One sport

8
7
6

Entry into sport

Côté, 1999; Côté, Baker, & Abernethy, 2007; Côté & Fraser-Thomas, 2007
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Quelles alternatives ?
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American Academy
of Pediatrics, 2016
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Conclusions
Spécialisation précoce : peu d’avantages % aux risques
Favoriser diversification précoce
Favoriser spécialisation progressive, adaptée en fonction
du sport
Importance de l’épanouissement de l’enfant
Valoriser les apprentissages quel que soit le niveau
Réduire l’importance des compétitions & donner de
l’importance à l’amusement
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Merci pour votre attention
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b.jidovtseff@ulg.ac.be
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Examen de non contre-indication (ENCI) à la pratique du sport chez l’enfant et
l’adolescent
H. Nielens
Médecine du sport
Cliniques universitaires St-Luc-UCL
Le caractère particulièrement dramatique de la mort subite à l’effort de sportifs jeunes
explique le souhait de disposer de moyens permettant de dépister chez des individus
apparemment sains des anomalies prédisposant à la mort subite. L’examen de non
contre-indication (ENCI) à la pratique du sport s’inscrit dans cette volonté de prévenir
de tels accidents. La mort survenant lors de l’activité sportive chez un jeune athlète
n’est pas exclusivement d’origine cardiaque puisque les traumatismes crâniens, des
hyperthermies malignes… peuvent aussi mener à une issue fatale et des mesures
préventives sont décrites afin d’éviter de tels accidents (Guskiewicz et al., 2012).
L’ENCI à la pratique du sport est un sujet qui fait traditionnellement couler beaucoup
d’encre en rapport avec l’efficacité très controversée de cet examen médical ainsi que
son efficience (rapport coût/efficacité) discutable. Si les données scientifiques de
qualité issues de la littérature scientifique sont parfois contradictoires chez l’adulte,
elles sont peu nombreuses voire inexistantes chez l’enfant et l’adolescent.
Mort subite à l’effort
La mort subite à l’effort du jeune sportif reste heureusement un événement très
exceptionnel dont l’incidence est comprise entre 0,5 et 1,5/100 000 saisons de sportif
(Maron et al., 2014). Les causes de mort subites à l’effort d’origine cardiaque sont bien
connues et documentées chez le jeune et le jeune adulte. Elles se subdivisent entre :
anomalies structurelles (cardiomyopathie hypertophique, dysplasie arythmogène du
ventricule droit, anomalie anatomique des artères coronaires, syndrome de Marfan,
anomalies valvulaires), anomalies électriques (Wolf Parkinson White, Long QT,
Brugada…), anomalies acquises (commotio cordis, myocardite, drogues…) (N. Chandra
et al., 2013). Bon nombre de ces anomalies ont une origine héréditaire. L’ ENCI aura
donc comme objectif prioritaire de déceler tout signe (anamnestique, clinique ou
éventuellement paraclinique) témoignant de la présence de l’une de ces causes chez un
jeune sportif ou dans sa famille.
L’examen de non contre-indication : contenu
L’ouvrage de référence concernant l’ENCI chez le jeune sportif est la monographie
« Preparticipation physical evaluation » (Bernhardt DT, Roberts WO, 2010) publiée par
l’American Academy of Pediatrics (AAP) qui en est à sa 4° édition. Il s’agit d’un ouvrage
soutenu par l’American Heart Association (AHA) et élaboré en collaboration avec
plusieurs sociétés scientifiques américaines de renom en médecine générale, médecine,
sciences et orthopédie du sport. Selon les auteurs de cette monographie, les objectifs
prioritaires de l’examen de non contre-indication sont la recherche d’une anomalie
faisant courir un risque majeur pour la vie ou la santé ainsi que toute anomalie
prédisposant à un tel risque. La recherche d’une anomalie cardiaque occupe donc une
place clé dans cet ouvrage qui développe aussi largement la recherche d’anomalies
d’autres systèmes (nerveux, respiratoire, gastro-intestinal, musculo-squelettique…)
susceptibles d’entraîner un risque accru lors de la pratique sportive. Dans cet ouvrage,
des chapitres sont spécifiquement consacrés à la femme sportive ainsi qu’au sportif
malade, moins valide ou présentant une anomalie congénitale non cardiaque (trisomie
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21, rein unique…). L’ouvrage propose également bon nombre de ressources pratiques et
concrètes très utiles : questionnaires, modèle de certificat…
Il existe actuellement un consensus quant à ce que doit comprendre l’anamnèse et
l’examen clinique de non contre-indication du jeune sportif puisque les
recommandations de l’AHA font actuellement l’unanimité (Table I).

Si l’objectif prioritaire de l’ENCI est de rechercher une anomalie susceptible d’être à
l’origine d’un accident cardiaque grave, il peut également s’étendre à l’examen d’autres
systèmes (musculo-squelettique…) et représenter un moment privilégié pour discuter
avec le jeune sportif les éléments caractérisant une pratique sportive saine et bénéfique
en tant qu’élément déterminant de la santé.
« ECG de repos or not ECG de repos » ?
Une question qui fait débat est celle de la place de l’ECG de repos dans l’examen de non
contre-indication. Il semble avoir sa place car la sensibilité d’un ENCI se limitant à une
anamnèse et un examen clinique tel que décrit dans la Table I semble limitée (Desomer
A et al., 2015) et d’autant que certaines causes de mort subite du jeune sportif sont
décelables à l’ECG. Il s’agit d’un examen paraclinique qui a un coût et dont
l’interprétation nécessite des compétences spécifiques car son interprétation est difficile
chez le jeune sportif et chez le sportif de haut niveau. A litre d’exemple, la monographie
de l’AAP une série de variante ECG que l’on retrouve chez le jeune l’adolescent sportif
(>12 ans) qui ne doivent pas être considérées comme anormales en les classant en
« normales », « probablement normales » et « potentiellement anormales ». En cas de
doute, un ECG d’effort réalisé par un cardiologue pédiatrique peut s’avérer
indispensable.
Selon l’AHA et l’American Society of Cardiology (ASC), il peut être envisagé de réaliser
un ECG à 12 dérivations au sein de groupes ciblés de jeunes sportifs à partir de l’âge de
12 ans à condition de l’associer à une anamnèse et à un examen clinique spécifique et de
disposer des compétences nécessaires à son interprétation (Maron et al., 2014). Par
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contre, l’AHA et l’ASC ne préconisent pas l’utilisation de l’ECG lors du screening
systématique de très grandes populations (au plan national par exemple) de jeunes
sportifs asymptomatiques. De même, ces sociétés ne préconisent pas le screening
systématique de masse de jeunes sportifs (12 à 25 ans) par un ENCI se limitant à une
anamnèse et un examen clinique.
ENCI systématique pour de grandes populations
Dans le contexte du screening systématique de grands groupes, les éléments à prendre
en considération sont la sensibilité, la spécificité et le coût d’une telle politique.
Récemment, le KCE s’est intéressé à cette problématique et a publié un rapport sur le
sujet (Desomer A et al., 2015). Au vu de l’incidence très faible de la mort subite
cardiaque chez le jeune sportif (<35 ans dans le rapport du KCE), de la sensibilité de
l’ENCI sans ECG de repos et des nombreux faux positifs de l’ECG de repos donnant
potentiellement lieu à des mises au point paracliniques invasives et coûteuses, le KCE,
tout comme l’AHA et l’ASC ne préconisent pas l’instauration d’un ENCI systématique
pour de larges populations de jeunes à priori asymptomatiques et ne pratiquant qu’une
activité sportive récréative.
Le jeune sportif compétitif
En cas de pratique sportive intense (entraînements, compétitions, nombreuses heures
de sport pratiquées dans un esprit « de dépassement de soi »), il est raisonnable
d’envisager un ENCI annuel. Outre les objectifs prioritaires décrits ci-dessus, l’ENCI doit
également évaluer l’intégrité de l’appareil locomoteur à la recherche des lésions de type
ostéochondroses (Osgood-Schlatter, Sever…) spécifiques à certains sports. La courbe de
croissance doit être surveillée. La qualité de l’alimentation doit être évaluée (aspects
quantitatif et qualitatifs du régime alimentaire, prise de suppléments alimentaires…).
Chez la jeune fille, il faut s’assurer de la régularité des cycles hormonaux.
Références :
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2010, American Academy of Pediatrics.
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Miller M, Stearns, R, Swartz E, Walsh K. National Athletic Trainers' Association
Position Statement: Preventing Sudden Death in Sports. Journal of Athletic
Training 2012:47(1):96-118.
• Chandra N, Bastiaenen R, Papadakis M, Sharma S. Sudden Cardiac Death in Young
Athletes: Practical Challenges and Diagnostic Dilemmas. J Am Coll Cardiol.
2013;61(10):1027-1040.
• Desomer A, Gerkens S, Vinck I, Léonard C, Neyt M, Paulus D, Van Brabandt H.
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Assessment (HTA) Brussels: Belgian Health Care Knowledge Centre (KCE). 2015.
KCE Reports 241.
• Maron BJ, Friedman RA, Kligfield P, Levine BD, Viskin S, Chaitman BR, Okin PM,
Saul JP, Salberg L, Van Hare GF, Soliman EZ, Chen J, Matherne GP, Bolling SF,
Mitten MJ, Caplan A, Balady GJ, Thompson PD. Assessment of the 12-lead
electrocardiogram as a screening test for detection of cardiovascular disease in
healthy general populations of young people (12-25 years of age): a scientific
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{PAGE }

TEST D’ EFFORT
NOTION DES SEUILS
Dr EDELMAN Raymond
CHIREC CAVELL
HUDERF
CHU CHARLEROI

Augmentation de l’obésité

Réduction du niveau de condition physique
Insuccès dans les activités de jeu et de sport
Retrait

Perte des possibilités de socialisation inhérentes
aux activités sportives
Développement de problèmes psychologiques
Retrait supplémentaire des activités et des pairs

Réduction de
l’activité physique

Augmentation des
loisirs passifs

Augmentation des facteurs
de risques de la maladie
(pathologies cardio-vasculaires
- obésité - maintien corporel)
Augmentation des coûts
médicaux

Chute de la condition
physique

Diminution des
prestations motrices et
sportives

%

Risques d'obésité à l'âge adulte

80
60
40

Enfant svelte
Enfant obèse

20
0
Bébé

7 ans

10ans

Distance

Evaluation

- de 1600 m très mauvais
1600-1999 m
mauvais
2000-2399 m
moyen
2400-2799 m
bon
+ de 2800 m
très bon

Belges
15%
25%
35%
21%
4%

Autrichiens Américains
1%
4%
20%
44%
31%

3%
7%
30%
53%
7%

Constat:
 Détérioration de condition physique
- Endurance
- Participation au sport diminue
 Diminution de force - du maintien
 Nette augmentation de l’obésité
- Diminution de l’activité
- Mauvaise diététique
 Injustice sociale agit sur la pratique du sport
 Rôle de l’école dans la pratique du sport
 L’activité physique améliore globalement la santé

Causes d’hypoactivité en pédiatrie établies d’après les
parents ou les enfants eux-mêmes
Affections:

•
•

Asthme
Diabète sucré

•

Epilepsie

•
•

Cardiopathies
Hémophilie

•

Retard intellectuel

•

Obésité

•

souffle cardiaque
«fonctionnel»

Causes d’hypoactivité:

Peur d’une crise après effort
Danger d’une crise
d’hypoglycémie
Peur d’une crise et de blessures
Peur d’une «crise cardiaque»
Peur d’une blessure et d’un
saignement
Isolement, mauvaise intégration
sociale
Inhibition, discrimination
sociale, mauvaise adaptation
Peur d’une «crise cardiaque»

Affections pédiatriques pour lesquelles l’exercice
physique est utilisé comme moyen thérapeutique.
Affections

Bénéfices

Pulmonaires
Asthme

Diminution de la fréquence et de l’intensité de la
bronchoconstriction induite par l’effort (BIE)

Mucoviscidose
Cardiovasculaires

Amélioration du drainage des voies aériennes

Asthénie neuro-circulatoire

Amélioration hémodynamique

Endocrines
Diabète sucré

Meilleur contrôle du diabète

Rôle bénéfique du sport
• Développement de la musculature paravertébrale et
abdominale
• Développement de la trophicité osseuse
• Amélioration des postures souvent hypotoniques
• Amélioration cardio-respiratoire
• Bien être physique et psychologique

Modifications pulmonaires survenant
chez l’enfant par l’entraînement
Fonctions

Modifications

•

Capacité vitale

•

•
•
•

Ventilation - sous-max.
Ventilation - max.
fréquence respiratoire sous-max.
Volume courant - max.
Equivalent ventilatoire- sous
- max., max.
Endurance du muscle
respiratoire
Capacité de diffusion
pulmonaire

•
•
•

•
•
•
•

Pas de modification
(augmentation dans la
natation)
Diminution
Augmentation
Diminution

•

Augmentation
Diminution ou pas de
modification
Augmentation

•

Pas de modification

•
•

Modifications cardiovasculaires survenant
chez l’enfant par l’entraînement (1)
Paramètres

Modifications

Morphologique
•

Volume cardiaque

•
•
•

Paroi myocardique
Volume sanguin
Hémoglobine totale

Augmentation
Hypertrophie concentrique
Augmentation
Légère augmentation

Modifications cardiovasculaires survenant
chez l’enfant par l’entraînement (2)
Fonctionnel

•

Volume d’éjection systolique
- max., sous-max.
Fréquence cardiaque sousmax.
Fréquence cardiaque - max.

•

Débit cardiaque sous - max.

•
•

Besoins du myocarde en O2
Différence artérioveineuse
(sang veineux mêlé) en O2 sous-max., max.
Débit sanguin musculaire sous-max., max.

•
•

•

Augmentation
Diminution
Pas de modif ou dim
Pas de modif-dim
Diminution
Pas de modification
Pas de modification

Sport et croissance

Action du sport sur : * squelette
* muscles
* maturation
physiologique
* coeur

TEST DE MARTINET
• 30 Flexions de jambes en 40 sec
• Prise de TA repos et FC repos

•
•
•
•

RESULTAT:
La FC fin exercice ne peut > 40 FC repos
La récupération doit se faire en 1-2 min
TA doit redevenir nle en 2 min

TEST DE RUFFIER
•
•
•
•
•
•
•
•
•
•

30 Flexion de jambes en 45 sec
F0=RC avant test
F1=RC 1 min après début test
F2=RC 2 min après début test
IR=(F0+F1+F2) -200/10
RESULTAT ENFANT
Indice <5 :TB
Indice 5-10 cœur normal
Indice 10-15 cœur non entrainé
Indice >15 cœur fatigué

Epreuves dynamiques au cabinet
• Indice de Ruffier – Dickson
(P’ – 70) + 2 (P’’-P)
I=
10

P = FC de repos
P’ = après 30 flexions en 45’’
P’’= après 1’ de récupération

I = 0 à 2,9 = bon; 3 à 6 = moyen; > 6 = mauvais

• Mesure indirecte de la VO2 max
Epreuve rectangulaire

sur cyclo-ergomètre.
sur escabeau

TEST NAVETTE DE
LUC LEGER
•
•
•
•

Test progressif evaluation VMA - VO2max
Lignes séparées de 20 m
Aller-retour de + en + rapide(signal son)
Test s’arrete lorsque n’est plus capable de
suivre rythme imposé= VMA
• Report sur tableaux d’équivalence VO2max

LA CONSOMMATION MAXIMALE D ’OXYGENE.

• Se définit comme:
– « La quantité maximale d’oxygène que peut TRANSPORTER et
UTILISER un sujet par unité de temps. Elle est donc une mesure
globale de l’adaptation de l’ensemble des mécanismes impliqués
dans l’apport d’oxygène aux muscles, c-à-d. ventilation,

diffusion, fixation sur l’hémoglobine, circulation et échanges au
niveau musculaire ».
– « Le débit le plus élevé d ’oxygène qu ’un sujet peut prélever et
utiliser lors d ’un exercice musculaire généralisé et intense

conduisant à l ’épuisement en quelques minutes ».

DETERMINISME
GENETIQUE
2 genes impliqués ds mecanisme
de production d’énergie
ACE :Angiotensin Converting Enzyme
ACNT3 :resp de secretion proteine qui
Caractérise fibres act rapide

LA CONSOMMATION MAXIMALE D ’OXYGENE.

Critères d ’atteinte :
– Plafonnement de la VO2.
– F.C proche de la F.C. Maximale Théorique.

– Lactatémie > à 9 mMol/L.
– Quotient respiratoire >1.10

LA CONSOMMATION MAXIMALE D ’OXYGENE.

•

Lorsque l ’intensité d ’une activité musculaire augmente, la
consommation maximale d ’oxygène augmente parallèlement jusqu ’à
l ’atteinte d ’un PLATEAU MAXIMUM au dessus duquel toute nouvelle
augmentation de l ’activité demeure sans effet sur la consommation
d ’oxygène

Cette valeur correspond
aux possibilités maximales
de transport de l ’oxygène
par le système cardiorespiratoire et de son
utilisation par les cellules
musculaires actives.

APTITUDE PHYSIQUE ET VO2 MAX.
30-35 ml/min/kg
35-40 ml/min/kg
40-45 ml/min/kg.
45-50 ml/min/kg
50-55 ml/min/kg
55-60 ml/min/kg
> 60 ml/min/kg

Mauvaise
Médiocre
Moyenne inférieure
Moyenne supérieure
Bonne
Très bonne
EXCELLENTE
( Selon FLANDROIS)

Applications
A ) Buts:
 Evaluation des symptômes induits ou aggravés par l’effort
 Repérer les réponses anormales chez les cardiaques et autres
maladies
 Confirmer l’amélioration ou non par traitement médical ou
chirurgical
 Estimer les capacités fonctionnelles dans la pratique sportive
 Pronostics

INTERET
DU CONCEPT DE SEUIL
• A VO2 MAX. égale , la performance sur le
terrain de deux athlètes n ’est pas la même.

LE LACTATE
• Est produit en permanence dans l ’organisme.
• Taux de repos : 1mMol/l.
• Intermédiaire métabolique important pour les
cellules, les tissus et les organes.
• Est produit même quand l ’apport d ’oxygène
est suffisant.

LES PRISES DE LACTATE

SEUILS LACTIQUES.
• 3 zones sont
classiquement
observées :
– 1/ Lactatémie stable.
– 2/ Pente légèrement
croissante.
– 3/ Augmentation
brutale.

SEUIL LACTIQUE
VERSUS
SEUIL VENTILATOIRE
14
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170
160
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150
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140

SV2

130

9

120

8

110
100

SV1

7

90

6

80

5

70

4

60
50

3

40

SL2

2

30

1

SL1

20

0

10
50

100

150

200

Puissance en watts

250

300

Ventilation

Lactatémie

10

SEUILS LACTIQUES.
• Le seuil aérobie (SL1) correspond statistiquement à
une lactatémie de 2 mMoles/litre

• Le seuil anaérobie (SL2) correspond statistiquement à
une lactatémie de 4 mMoles/litre

DEFINITIONS GRAPHIQUES DES SEUILS
VENTILATOIRES.

–Depuis les premiers travaux de Wasserman ,
l’explication classique donnée à ces phénomènes
était la suivante :

DEFINITIONS GRAPHIQUES DES SEUILS
VENTILATOIRES.
Au niveau de la pratique ces données
semblent indiquer que :
l'allure seuil, c'est à dire la vitesse
associée au footing rapide, assure une
ventilation ample et efficace. Elle
correspond à un niveau d'échange
gazeux optimal.
au-delà de cette vitesse la ventilation
deviendrait de plus en plus saccadée et
de moins en moins profonde. Cette
tendance à ventiler rapidement et de
manière superficielle pourrait nuire à la
performance.

HYPOTHESES PHYSIOLOGIQUES
Lors d’un effort réalisé

en dessous

du premier seuil ventilatoire

le peu de lactates formé est immédiatement réoxydé
dans les fibres lentes de type I et le myocarde.
Le quotient respiratoire R ( = VCO2/ VO2) est bas à 0.70.8 témoignant d’une utilisation prioritaire des lipides
par rapport aux glucides.
On peut utiliser ce type d’effort pour “ brûler ses
graisses ” et pour aider à l’élimination d’un excès
pondéral.

HYPOTHESES PHYSIOLOGIQUES
Le premier
seuil ventilatoire
survient

 L’augmentation de la production des lactates par rapport à la vitesse
de leur élimination pendant un effort croissant s’accompagne d’une
émission de protons ( H+) qui vont être tamponnés par des ions
bicarbonates (CO3H-) pour donner de l’acide carbonique (CO3H2) qui se
dissociera en CO2 et en H2O en présence d’anhydrase carbonique.
 Cette formation extra- ou non- métabolique de CO2 stimule les centres
respiratoires et induit l’augmentation de la ventilation..

HYPOTHESES PHYSIOLOGIQUES
Avec la poursuite
de l’effort croissant

Le deuxième seuil
survient

 On observe une nouvelle augmentation du contenu plasmatique en
lactates.
 Le système tampon est débordé et c’est l’augmentation des protons qui
va directement stimuler les centres respiratoires avec une augmentation
abrupte de la ventilation
( Seuil de décompensation

de l’acidose métabolique).

CORRELATION ENTRE SEUILS LACTIQUES ET
VENTILATOIRES

• Il existe le plus souvent une bonne corrélation
entre les deux méthodes de mesure des
seuils.

• Des différences peuvent survenir dans
certaines circonstances :

CORRELATION ENTRE SEUILS LACTIQUES ET
VENTILATOIRES
– En fonction des différentes méthodes de calcul des seuils.
– En cas de déplétion des réserves en glycogène ( moindre
sollicitation de la glycolyse anaérobie et lactatémie PLUS BASSE à
chaque palier).
– En cas de maladie de Mac Ardle ( Incapacité de produire du
lactate et pourtant un seuil ventilatoire existe).
– En dehors de l ’augmentation des ions H+ , il existe d ’autres
facteurs de la stimulation de la ventilation => des seuils
catécholamines , ammonium ou potassium

CONCRETEMENT
• Un SV2 TRES ELEVE témoigne d ’une excellente endurance aérobie.
• Son amélioration dans le temps , alors même que la VO2 Max ne se
modifie pas, témoigne de l ’efficacité du programme
d ’entraînement choisi.

• Malgré les incertitudes physiopathologiques, la
détermination des seuils demeure un paramètre
intéressant dans le suivi et la planification de
l ’entraînement

CONCRETEMENT
Il ne faut pas perdre de vue que la
connaissance des seuils se limite à l ’aide
qu ’elle peut apporter pour
déterminer la « qualité » (intensité) de
l ’entraînement
mais qu’elle ne renseigne en rien sur la
« quantité » (volume) de travail que peut
supporter l ’athlète

PROGRAMMES D ’ENTRAÎNEMENT
ET SEUILS
• De nombreux programmes d ’entraînement basés sur
les seuils ont été proposés :
–
–
–
–

Utilisation de la puissance au seuil
Utilisation d ’un pourcentage du seuil ( 70 , 80 , 90%).
Travail 1% en dessous du seuil
….

Paradoxe = Aboutissent au même résultat

EVOLUTION EN FONCTION DE
L ’ENTRAINEMENT

Déplacement
VERS LA DROITE
des seuils

VO2, SEUILS ET
VITESSE DE COURSE

SEUILS ET FREQUENCE
CARDIAQUE.

Pour améliorer la condition il faut:

 Pratique régulière, minimum 3 fois par semaines
 Intensité suffisante, R.C. 60-70 % du maximum
 Durée suffisante, 30-40 minutes par séance

Tableau n°1: Contrindication à l’épreuve d’effort
 Maladie cardiaque inflammatoire (péricardite, myocardite,
RAA)
 Décompensation cardiaque non suivie médicalement
 Infarctus myocardique
 Maladie respiratoire aïgue (asthme, pneumonie)
 Hypertension sévère (TA> 240 / 120mm Hg)
 Maladie rénale aïgue (GNA)
 Hépatite ( 3 mois de recul)
 Prise de médicaments pouvant affecter la réponse cardiorespiratoire à l’effort

Tableau n°2: Patients à haut risque
 Sténose aortique serrée –CMO- DAVD
 Sténose pulmonaire serrée
 Arythmie ventriculaire importante (surtout si associée à une
malformation ou à une maladie cardiaque)

 Maladies des artères coronaires
 Maladies de vascularisation pulmonaire
 Maladies métaboliques - Glycogénoses
 Maladies de crase sanguine
 Hypotension orthostatique

Tableau n°3: Indication de l’arrêt prématuré du
test
A ) Présence d’une arythmie sérieuse (TV, TSV, ...)
B ) Apparition de signes d’alarme
 douleurs/ céphalées/ syncope/ dyspnée
 dépression ou élévation du segment ST > 3 mm
 arythmie aggravée ou apparue à l’effort
 tachycardie ventriculaire à l’effort > 3
 trouble du rythme (bloc A-V/ bloc complet/ ...)
 élévation trop importante de TA > 240/120
 chute brutale de TA
 paleur- aspect clinique anormal

Mise au point sportive
 Interrogatoire général et sportif
 Examen physique complet
 Prise de sang éventuelle
 Fonction respiratoire en fonction de l’examen et de
l’interrogatoire
 ECG de repos
 Effort progressif jusqu’à l’effort maximal
 Echographie cardiaque éventuelle
 Résultats avec conseils sportifs
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Le diabète chez l’enfant
 diabète insulinodépendant (sauf rares exceptions)
 différents schémas d’insuline possibles (adaptation au

cas par cas):
- 2 injections quotidiennes (matin, soir)
- schéma basal prandial
- pompe à Insuline …

 Les enfants diabétiques doivent pouvoir mener une vie

comme les autres moyennant certaines adaptations

Sport et glycémie: physiologie

Hormones de la
contrerégulation

Insuline

Néoglucogenèse
Glycogénolyse

GLUT4 au niveau
musculaire
(insulinodépendants)

Captation du
glucose par les
cellules musculaires

Sport et diabète
 Les bénéfices du sport pour les enfants diabétiques de

type 1 sont les mêmes que pour le restant de la
population:
- amélioration de la condition physique,
- amélioration du bien-être,
- diminution du risque de maladie cardiovasculaire.

 Mais aussi un meilleur équilibre du diabète et moins

des complications diabétiques.

Diabète et sport
 pratiquer du sport avec un diabète est non seulement

possible mais aussi fortement conseillé
 moyennant certains aménagements du coté patient et
médecin
 consommation importante de glucose pendant
l’activité physique adaptation de la dose
d’insuline/des apports alimentaires glucidiques
 réticence à la pratique du sport par peur des risques
associés  recommandations pour les éviter

Diabète et sport: en pratique (1)
 mesure de la glycémie avant/après l’activité physique et, si






nécessaire, durant l’activité physique
activité physique prévue: diminution de la dose d’insuline
agissant durant l’activité physique
activité physique imprévue: prévoir des apports glucidiques
supplémentaires avant le sport
risque d’hypoglycémie durant le sport mais également les
24h qui suivent l’effort physique (augmentation de la
sensibilité à l’insuline) risque d’hypoglycémie nocturne
bonne hydratation nécessaire pendant l’activité physique

Diabète et sport: en pratique (2)
 performance sportive meilleure si enfant en normoglycémie
 si glycémie très élevée (>250mg/dl) corriger la glycémie

(0,05U/kg ou 5% de la dose totale d’insuline/24h)
 si cétonémie/cétonurie +  postposer l’activité physique
jusqu’a disparition des corps cétoniques
 enfant non habitué au sport/activité physique prolongée 
réduire significativement les doses d’insuline (20-50%) afin
d’éviter les hypoglycémies
 sport en altitude: ne pas confondre une hypoglycémie avec
les symptômes de l’hypoxie

Diabète et sport: en pratique (3)
 éviter l’injection d’insuline au niveau des endroits

sollicités par l’activité physique (la cuisse avant de
courir ou le bras en faisant un sport de raquette)

Risque d’hypoglycémie

Diabète et sport: les exceptions
sprints, efforts violents, stress psychologique

hormones
de la contrerégulation

HYPERGLYCEMIE
transitoire, pas de correction

attitude différente pour le même sport et le même enfant

Diabète et sport: règles de sécurité
 ne pas faire du sport seul de préférence
 informer l’entourage de l’enfant du diabète/risque d’une





hypoglycémie/l’attitude à adopter en cas d’hypoglycémie
avoir toujours sur soi du resucrage (sucres rapides et lents)
ainsi qu’un kit de Glucagen
pas d’activité physique en cas de maladie fébrile
encadrement médical adéquat
les nouvelles technologies de plus en plus performantes
permettent aux enfant diabétiques de participer aux
activités sportives au même titre que les enfants non
diabétiques

Take home messages:
 Faire du sport en étant diabétique est possible et surtout

conseillé
 Risque d’hypoglycémie durant l’activité physique et les 24h
suivantes:
- activité physique prévue: diminution de la dose d’insuline
agissant durant l’activité physique
- activité physique imprévue: prévoir des apports
glucidiques supplémentaires avant le sport
- risque d’hypoglycémie nocturne: diminuer l’insuline
active la nuit
 Hydratation abondante (boissons non sucrées)
 Adaptations individuelles

L’enfant et le sport
Alimentation et hydratation du jeune sportif
Serge Pieters
Diététicien Agréé-Enseignant à la Haute École Leonard de Vinci

Diététicien Agréé-Nutritionniste du Sport conventionné ADEPS (Bxl, LLN, Charleroi)
Co-responsable Nutrition pour l’Agence Spatiale Européenne (ESA)
Président de l’Union Professionnelle des Diététiciens Langue Française (www.lesdieteticiens.be)
pieters.diet@gmail.com
- nov 2016
pieters.diet@gmail.com
- 0476/609.653
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Musculaire

neuromusculaire

PERFORMANCE
Croissance
Facteurs
socioéconomi
ques

Maturation

Métabolique
Sexe

Alimentation

APS/entraînement
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L’enfant sportif n’est pas un athlète en miniature
Croissance

Besoins énergétiques

Thermorégulation
et déshydratation

Filières énergétiques

Besoins nutritionnels
liés à la croissance
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Evolution du poids et de la taille

Pays industrialisés

Garçons (12 – 17 ans) : Taille : 26,4 cm
Poids : 26,1 kg
Filles (10 – 15 ans) :
Taille : 23,5 cm
Poids : pieters.diet@gmail.com
20,7 kg
- nov 2016
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Evolution du poids et de la taille
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Les besoins énergétiques

CSS, 2016
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Le coût énergétique chez l’enfant

Astrand, 1952

pieters.diet@gmail.com - nov 2016
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D.E. d’adolescents sportifs de haut niveau

8h/sem.
10h/sem.
12h/sem.
14h/sem.

Football (garçons)
40kg
50kg
60kg
2300
2650
3000
2400
2750
3100
2500
2850
3200
25502950
3350

70kg
3350
3500
3650
3800

MB : de 10 à 18 ans : 69,4 x poids + 322 x taille + 2392/4,184
NAP moyen : de 1,5 à 2,2
Energie stockée / besoins croissance :
20-30 kcal/jour de 10-15 ans puis 10 kcal → adulte
Vidhaillet,ANC, 2004
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De la déshydratation…
Radiation
Conduction
Convection

Rayonnement
Solaire

Respiratio
n
SUEU
R
Vent, T° et Humidité de
l’air

Vitesse de course,
Radiation
Durée, Intensité,
Solaire
filière énergétique,
Réfléchie
Niveau d’entraînement,
Habillement,
Acclimatation ! ENFANTS
pieters.diet@gmail.com - nov 2016

Radiation
Thermique
Terrestre

9
D’après Gisolfi, 1984

Influence de la chaleur sur l’enfant sportif

BAR-OR, 1994

pieters.diet@gmail.com - nov 2016
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Aptitude à l’exercice

Déshydratation et Performances
100
90

80
70
60

0

1
2
3
4
5
Diminution de poids corporel ( % )
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Intro – gestion du poids - Hydratation – Glucides - Protéines – plan alimentaire

11

Le test des urines !

Pesée
Matin
Avant le match
Après la match
Midi
Après-midi
Soir
Avant d’aller
dormir
pieters.diet@gmail.com - nov 2016
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Exemples de boisson maison
• Jus de fruit dilué
• 400 ml de jus de raisin + 600 ml d’eau
• 500 ml de jus multifruits + 500 ml d’eau

• 1 litre d’eau + 10 morceaux de sucre (60g)
• 1 litre d’eau + mélange de sucres (glucose, fructose,
saccharose, dextrine-maltose)
• 1 litre d’eau + 6-7 cuillères à soupe de sirop de
grenadine
• => Ajouter une pincée de sel, si match long et/ou
temps chaud et ensoleillé conditions et/ou joueur qui
transpire beaucoup
pieters.diet@gmail.com - nov 2016
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Les Filières Energétiques
Dépense énergétique (METS)

90
Anaérobie Alactique
ou la voie des phosphagènes

70
Anaérobie Lactique
ou Glycolyse lactique

50

30

Glycolyse
Aérobie

ATP
PC
Glycogène

Dépense
énergétique
totale

Glucose
Acides gras

10

(acides aminés)

0
10’’

60’’

2’

10’

30’

120’

Temps
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Lactatémie chez l’enfant

pieters.diet@gmail.com - nov 2016
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Substrats à l’effort chez l’enfant

Timmons, J Appl Physiol, 2003
pieters.diet@gmail.com - nov 2016
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Concentrations en glycogène musculaire

90
80
70
60
50
40
30
20
10
0
Glycogène (mmol.kg-1)

11,6 ans
Eriksson, 1974

12,6 ans

13,5 ans

15,5 ans
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Teneur en glucides et glycogène musculaire
Régime Hyperglucidique 70%

Niveau Glycogène Musculaire %

100
80
60
40

20

Régime Hypoglucidique 40%
L

M

Entr

Entr

D
0 Match

D ’après Bangsbo, 1994

M

J

Entr

V

S

D
Match

Entr
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Les besoins spécifiques : le calcium

Zone de
Fracture

pieters.diet@gmail.com - nov 2016
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Le Bilan Martial chez la jeune Sportive
Apports
alimentaires
quantité et qualité?
Attention aux régimes
déséquilibrés;
hypocaloriques;
végétarien/végétalien

Pertes en fer

Sueur

Selles
Urines

Croissance,
↑ besoins hémoglobine,
myoglobine
Menstruations, Grossesse
Infections à répétition

Saignements gastro-intestinaux

Lésions musculaires
Microtraumatismes

Blessures

Chocs

pieters.diet@gmail.com - nov 2016
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Comportement alimentaire vs Connaissances nutritionnelles

Acides aminés, Acides gras
essentiels, omega-3,
saccharose, acide
ascorbique, …

Goût, saveur,
odeur, …
Faim, satiété

Placer le sportif dans une situation favorable aux
changements et le rendre acteur dans ses choix

pieters.diet@gmail.com - nov 2016
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Education nutritionnelle des jeunes sportifs

A
g
e

N
i
v
e
a
u

S
p
o
r
t
i
f
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La compétition commence à table
tous les jours

pieters.diet@gmail.com - nov 2016
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23

Que manger pour la compétition ?
Exemple la veille au soir

pieters.diet@gmail.com - nov 2016
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Astérix aux jeux olympiques

pieters.diet@gmail.com - nov 2016
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Intérêts du petit-déjeuner pour le sportif
 Fournir à l’organisme l’énergie et les nutriments
essentiels pour commencer la journée
 Réhydrater après une nuit de jeûne.
 Contribuer à maintenir de bonnes capacités
physiques et intellectuelles jusqu’au déjeuner !
 Répartir les apports sur la journée pour mieux
répondre à nos besoins
 Réduire les grignotages de la matinée

pieters.diet@gmail.com - nov 2016
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Composition du petit-déjeuner
Petit- déjeuner
Composition

Apport
énergie
(kcal)

Protéines
Glucides
(grammes) (grammes)

Lipides
(grammes)

Continental :
2 tartines pain. Beurre. Confiture.1 bol
lait ½ écrémé. 1 jus d’orange

526

15,4

84,5

14

Continental modifié :
2 tr pain, choco, verre de lait chocolaté

604

16,6

83,8

22,5

Céréales : flocons d’avoine, 1 bol de lait ½
écrémé, 1 jus d’orange

373

15,3

61,1

7,5

Céréales : 1 bol céréales sucrées, 1 bol lait
½ écrémé,

232

9,6

38,9

4,2

Viennoiserie : 2 croissants, 1 bol lait ½
écrémé chocolaté.

419

12,2

48,6

19,5

English breakfast : 2 tr bacon, 1 œuf
brouillé, 2 tr pain toasté, marmelade,
beurre, saucisse, tomate, thé sucré

575

23,4

59,6

27,2

Biscuit petit-déjeuner (4 pcs) + verre de
lait

340

11,8

45

12,5

pieters.diet@gmail.com - nov 2016
=

6g

= 10g

Que manger pour la compétition ?
Exemple le petit-déjeuner
3 heures avant l’échauffement

pieters.diet@gmail.com - nov 2016
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Que manger pour la compétition ?
Exemple de dernier repas
si match l’après-midi

3 heures avant l’échauffement
pieters.diet@gmail.com - nov 2016
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Que faire avant la compétition?

• Dès le début de l’échauffement,
• 2 gorgées d’eau ou de boisson sport toutes les
10 minutes

pieters.diet@gmail.com - nov 2016
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Exemple d’une journée de compétition
Pendant la première mi-temps
- Pendant les arrêts de jeux, penser à boire :
de l’eau ou boisson pour sportif (prévoir 400 ml de jus de

raisin et 600 ml d’eau + 1 pincée de sel)
-

Boire avant d’avoir soif.

-

Boire de manière fractionnée.

-

Si la température est supérieure à 20°C il faut

idéalement boire min. 600 ml par heure d’effort.

pieters.diet@gmail.com - nov 2016
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Exemple d’une journée de compétition
Pendant la mi-temps
Boire 200-400 ml de boisson pour sportif

Ne pas oublier de passer une dernière fois à la toilette.

Pendant la seconde mi-temps
-

Idem 1ère mi-temps

pieters.diet@gmail.com - nov 2016
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LA RÉCUPÉRATION

pieters.diet@gmail.com - nov 2016
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RATION DE RÉCUPÉRATION - Exemple :
Ou boisson de l’effort, jus de fruits dilué,
soupe de légumes
Ou saccharose, miel, bonbons, barres de
céréales, biscuits, fruits secs, pain d’épices,
…
Total
(g ou mg)

Sportif
de 75kg
(g.kg-1.j-1)

Energie

1325

17,6

Protéines

52,5

0,7

Lipides

43,4

0,57

Glucides

180

2,4

Sodium

1748

Potassium

2599

Fer

2,09

Magnésium

237

pieters.diet@gmail.com - nov 2016
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Les produits pour sportifs

pieters.diet@gmail.com - nov 2016

Intro – Gestion du poids - Hydratation – Glucides – Alimentation du sportif

35

Utiles, futiles, inutiles ? … dangereux ?

pieters.diet@gmail.com - nov 2016
A n’utiliser que sur avis d’un professionnel
de la santé

36

Des super-aliments pour les jeunes Sportifs

pieters.diet@gmail.com - nov 2016
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En conclusion

Alimentation variée, équilibrée,
saine et savoureuse tous les jours

Hydratation

Energie avant, pendant et après
l’entraînement

Gestion hydratation et alimentation pour la
compétition

pieters.diet@gmail.com - nov 2016

38

La diététique du
sportif à votre
service

pieters.diet@gmail.com - nov 2016
pieters.diet@skynet.be
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En conclusion :
Alimentation équilibrée
Boire avant d’avoir soif
Favoriser les féculents

Merci pour votre attention
40
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Groupement belge pédiatres
Langue française

L’enfant et le sport
Pathologies de croissance et sport

P f
Professeur
J.M.
J M CRIELAARD
CHU SART TILMAN, LIEGE

1

Enfant sportif - Principaux sites souffrance
squelette inférieur

2

3

Croissance genou
intervient pour 65 %
dans croissance
membre inférieur

4

Classification Salter
et Harris :
images vasculaires

Conception
C
ti classique
l
i
vascularisations
métaphysaire et
épiphysaire

5

Classification Salter et
Harris :
images vasculaires

Type I : intégrité
T
i té ité pédicules
édi l
vasculaires respectifs : « bon
pronostic ».
»

6

Classification Salter et Harris : images
vasculaires principales

T
Types
III ett IV.
IV Interruption
I t
ti vasculaire
l i réalisant
é li
t pseudo-infarctus
d i f t
osseux ; « mauvais pronostic ».
7

Hanche
Enfant
a t spo
sportif
t

8

Fractures par avulsion du bassin
•
•
•
•
•
•

Organisme
g
fin de croissance
Faiblesse accrue cartilages de conjugaison
(puberté conditions hormonales)
(puberté,
Prépondérance masculine
Force traction musculo‐tendineuse ++
capacité résistance zone insertion
Contraction musculaire excessive
Mise tension passive ++ musculo‐tendineuse
9

Noyaux apophysaires secondaires bassin
E I A S (tenseur
E.I.A.S.
(t
fascia
f
i lata
l t , couturier)
lata,
t i )
E.I.A.I. (tendon direct droit antérieur)
Tubérosité ischiatique longue portion biceps
demi-membraneux
demidemi--tendineux
demi

Crête iliaque (muscles larges de l’abdomen)
Symphyse pubienne grands droits abdomen
adducteurs
P tit trochanter
Petit
t h t (psoas
(
iliaque)
ili
)
10

Décollement épine iliaque antéro
antéro--inférieure

11

Arrachement tubérosité ischiatique
11 ett 19 ans (14
(14--17)
Traction excessive par ischioischio-jambiers
Circonstances :
- shoot
- sprint
- grand écart antérieur
latéral
Tableaux cliniques : - Forme typique aiguë
- Forme atténuée
Complications :
- Pseudarthrose
- Cal hypertrophique
yp
p q
12

Tubérosité ischiatique –
pseudarthrose avec aspect bifragmenté et
sclérose berges fracturaires

13

Genou enfant sportif

14

Genou enfant : particularités anatomiques

Structure complexe

Coupe : cartilages
conjugaison et rapports
avec cavité articulaire

Synoviale
15

Genou enfant : carrefour pathologique

1. Epanchement intra-articulaire
2. Micro-arrachement rotule au niveau
implantation tendon quadriceps
3. Chondromalacie
4. Maladie
a ad e de S
Sinding-Larsen
d g a se
5. Ostéochondrite disséquante rotule
6. Corps étranger intra-articulaire
7 Lésion méniscale
7.
8. Maladie Osgood-Schlatter
9. Kyste poplité

16

Genou douloureux chronique enfant sportif

Ostéochondrose :
– Appareil extenseur

Köhler
Sinding--Larsen
Sinding
Larsen--Johansson
Osgood--Schlatter
Osgood

– Polyostéochrondrose condyles fémoraux

Ostéochrondrite disséquante
17

Ostéochondrose de croissance
C d it di
Conduite
diagnostique
ti
Douleur mécanique, révélée par effort
(absence douleur nocturne)
D l
Douleur
++ palpation
l ti précise
é i
Bilan radiologique :
– Technique
q ++,, incidences variées
– Comparatif
– Ossification normale
variante (noyaux accessoires) 18

Sinding--Larsen
Sinding
Larsen--Johansson
Ostéochondrose p
pointe rotule

19

Fracture particulière : avulsion polaire inférieure

Rotule : cartilage croissance subit forces tractions (quadriceps, tendon rotulien).
Ossification noyau peut être floculaire avec ossification pluricentrique.
Rotule : parfois véritable décollement épiphysaire.
20

Maladie Osgood
Osgood--Schlatter
Apophyse antéroantéro-supérieure tibia
Enfant : 9 – 15 ans
Pratique sportive intensive
Douleur + par effort
T éf ti douloureuse
Tuméfaction
d l
pression
i
Douleur : isométrie
étirement

Evolution : 6 mois à deux ans

21

22

23

24

Ostéochondroses de croissance
Pi i
Principes
utiles
til - conduite
d it thé
thérapeutique
ti
Double piège :

cautionner imprudence par excès
dispense abusive activités sportives

Surveillance

clinique (3 mois)
radiologique (6 mois)

Thérapeutique
p
q

simple (repos)
infiltrations : contrecontre-indiquée ++
immobilisation plâtrée …
chirurgie : complications
séquelles fonctionnelles

R i sportive
Reprise
ti progressive
i
25

Lésions ostéochondrales genou
• Affection hétérogène:
o simples variations ossification
o lésions traumatiques fines
o lésions nécrotiques (ischémie locale)
• Apanage garçon sportif
• Topographie lésionnelle :
o compartiment antérieur
o compartiment moyen
o compartiment postérieur

26

Lésions ostéochondrales antérieures

Fractures chondrales –
ostéochondrales bord antéroexterne condyle externe
(secondaires instabilités –
luxations franches rotule)

27

Lésions ostéochondrales genou
compartiment moyen

28

Lésions ostéochondrales genou
compartiment moyen
Cliniquement :
– 10
10--20 ans
– Nette prédominance masculine
– Variation
V i ti ffonction
ti stade
t d évolutif
é l tif lé
lésion
i :

Séquestre enclos : clinique frustre
Séquestre libre :

accrochage
blocages quasi constants
hydarthrose
y
29

Lésions ostéochondrales genou
compartiment moyen : radiologie
Stade I :

image claire limitée
contours épaissis et denses
Stade II : séquestre séparé de niche
ligne radio
radio--transparente
Stade III : séquestre appendu au cartilage
Stade IV : corps étranger libre
Atteinte bilatérale : clichés systématiques
2 genoux
30

Garçon 16 ans.
Douleurs genou.
Lésion ostéochondrale, avec
séquestre en place au sein
nidus, siégeant en regard
partie inféro-externe condyle
interne.

31

Garçon 19 ans
ans.
Ostéochondrite condyle interne.
Arthroscanner : séquestre
individualisé (*): pas passage
produit de contraste entre
séquestre et reste condyle ().

32

Cheville et pied
p
Enfant sportif
p

33

Ostéodystrophies
y
p
pied
p
• Entre 3 et 16 ans.
• Sportifs,
S
tif turbulents,
t b l t obèses.
bè
• Douleurs insertions tendineuses niveau
noyaux
y
ossification secondaire.
• Contraintes : traction - cisaillement.
cisaillement
• Guérison spontanée : 3 à 12 mois.
34

Ostéodystrophies pied
• Sever
• Köhler – Mouchet
•
•
•
•

Freiberg
Panner
Iselin
Renander
35

Maladie Sever
Apophyse postérieure calcanéum
Age : 7 – 15 ans (11 – 12 ans)
Prédominance masculine
T l l i effort
ff t (bilatéralité
(bil té lité 40 à 60 %)
Talalgie
Valgus calcanéen – Tendon Achille court
Douleur exquise palpation
36

Apophysose calcanéenne

37

Maladie Sever : traitement
Forme « commune » :
Forme
– Arrêt activités physiques
– Talonnette de décharge
– Semelles si trouble statique

Forme hyperalgique (début brutal)
– Immobilisation botte plâtrée

Guérison : délai de  10 mois
38

Maladie KöhlerKöhler-Mouchet
Noyau osseux primitif scaphoïde tarsien
Age
g : 3 – 6 ans
Douleur dorsale – interne du pied
Douleur majorée par appui – marche
Boiterie – troubles marche
Troubles statiques : pieds plats ou creux
valgus calcanéen

Pronation pied : majore la douleur
Palpation : douleur exquise scaphoïde

39

Maladie KöhlerKöhler-Mouchet

40

Maladie Freiberg
g
Tête 2ème métatarsien
Age : 3 – 6 ans
Douleur avantavant-pied
Douleur majorée par course – saut – gymnastique
Boiterie
Troubles statiques
Palpation : douleur exquise tête 2ème métatarsien
41

Maladie Freiberg
g

Ostéodystrophie
croissance noyau
ossification 2ème tête
métatarsienne

42

Maladie Panner
• Atteinte épiphyse distale M3.

43

Maladie Iselin
•
•
•
•
•
•

Apophyse styloïde base M5.
M5
Tarsalgie mécanique.
10 – 12 ans.
Traction
a o court
ou fibulaire.
bu a
Pied creux précavus.
Athlétisme
Athlétisme.

44

Maladie Renander
• Sé
Sésamoïde
ïd hallux.
h ll
• Microtraumatismes sportifs (athlétisme,
danse, arts martiaux).
• Période
Pé i d pubertaire
b t i (10 – 15 ans).
)
• Rx ((incidence de Guntz)) :
sésamoïde hétérogène.

45

Maladie Renander

46

Synostoses
y
arrière
arrière--p
pied
• Région
é
sous-astragalienne et médiotarsienne.
é
• Plus fréquentes : calcanéo-scaphoïdiennes
(60% de bilatéralité)
é
é et calcanéoé
astragalienne.
• Défaut
éf
différentiation
ffé
et segmentation, parfois
f
suite à traumatisme.
• 1 à 3%.
• Douleurs vagues, apparition spontanéees.
• Perte significative mobilité sousastragalienne.
47

Synostose
calcanéo naviculaire
calcanéo-naviculaire

Synostose
S
t
calcanéo-naviculaire

48

Os surnuméraires

49

Merci de votre attention…

50

Le handisport, c’est quoi ?

LA STRUCTURE (INTER)NATIONALE

17 fédérations
Internationales
177 National
Paralympic
Committee

L’international Paralympic Committee (IPC)
 Le développement et le succès obligeaient la création d’un organisme
fédérateur.
 Création de l’IPC en 1989
 Depuis cette naissance:
 Accent sur le handicap – dépassement sportif
 Sportif = patient – Sportif = sportif
 Compétition = intégration & réadaptation – compétition = quête
d’excellence & médaille

Les Jeux Paralympiques
 L’aventure paralympique débute après la 2ème guerre.
 Un médecin anglais, le Docteur Ludwig Guttmann (exerçant à l’hôpital de Stoke
Mandeville à Londres), mesure toute l’importance des activités sportives pour ses
patients, pour la plupart vétérans de la seconde guerre mondiale (amputés ou privés
de l’usage d’un ou de plusieurs de leurs membres).
 Les premiers Jeux pour athlètes en situation de handicap, appelés les Jeux
mondiaux des chaises roulantes et des amputés, eurent lieu en 1948 à Stoke
Mandeville en Angleterre.
 Les Jeux Paralympiques, ouverts aux athlètes en chaise roulante, sont pour la
première fois organisés en 1960 après les Jeux Olympiques de Rome. Ils sont plus ou
moins 400 athlètes de 23 pays dans 8 disciplines à rentrer dans l’histoire.
 Depuis Séoul (1988), les Jeux Olympiques et les Jeux Paralympiques sont organisés
dans la même ville

Les Jeux Paralympiques
 Le Mot paralympique :
 A l’origine : association entre le terme « paraplégique » et le terme « Olympique ».
 Au fil des années, des sportifs aux handicaps différents sont venus participer à la
compétition,
 Le nom est resté mais il mêle aujourd’hui le terme « Olympique » avec « para »
(parallèle, à côté de). Les Jeux Paralympiques se déroulent en parallèle des Jeux
Olympiques

 L’aventure des Jeux Paralympiques d’hiver commence en 1976 (Omskoldvik –
Norvège). En 1992 (à Albertville), l’union Jeux Paralympiques d’hiver et Jeux
Olympiques d’hiver s’opèrent.

Les Jeux Paralympiques sont le deuxième plus grand
événement sportif de la planète, juste derrière les Jeux
Olympiques et devant la coupe du monde de football.

NE PAS CONFONDRE AVEC : LES
SPECIAL OLYMPICS
 Les Special Olympics = programme international d’entraînement sportif et de
compétition athlétique, étalé sur toute l’année, pour les personnes avec une
déficience intellectuelle.

 Ce n’est pas une compétition  tout le monde gagne
 Créé en 1968 par Eunice Kennedy Shriver.
 Les Special Olympics, c’est :
 + de 4 millions d’athlètes

 Des athlètes de 170 pays différents
 32 sports
 800.000 volontaires dans le monde
 + de 500.000 entraineurs dans le monde

 + de 50.000 compétitions par an

 L’édition belge a vu le jour en 1979  organisée tous les ans (ascension)

NE PAS CONFONDRE AVEC : LES
DEAFLYMPICS
 Seuls les athlètes sourds y participent (- de 55 décibels).
 Organisé tous les 4 ans depuis 1924.
 Les appareils auditifs et les implants ne sont pas autorisés.
 C’est plus qu’un évènement sportif : c’est un lieu de rencontre et une occasion
d’entretenir un réseau avec d’autres malentendants.

Les structures reconnues en FBW
Nouvelles conformités décrétales en 2000 :
 Fusion de trois fédérations sportives

 Création de la FSBAP WB

 La Fédération Multisports Adaptés est restée indépendante.

La Ligue Handisport Francophone (LHF)

La LHF, c’est :
 Un membre du Belgian Paralympic Committee
 Une fédération sportive reconnue par l’Adeps

 La seule fédération sportive pour personnes en situation de
handicap reconnue par la Fédération Wallonie-Bruxelles
pour le sport de haut niveau.

La Ligue Handisport Francophone (LHF)

Les objectifs de la LHF :
 Améliorer le bien-être mental et physique du sportif moins valide
 Prendre en charge tous les types de handicaps
 Améliorer et favoriser l’intégration des sportifs moins valides dans les
structures valides
 Encadrer les athlètes qui veulent se surpasser dans le sport de haut
niveau

 Former des cadres afin d’assurer le suivi optimal des sportifs

La Ligue Handisport Francophone (LHF)


Accueil les 3 types de handicap : mental, physique & sensoriel



Compte 1300 affiliés



Compte 71 cercles



7 collaborateurs à temps plein + 1 collaborateur à mi-temps

Cellule sportive
Qui fait quoi?

- Gestion du sport de
haut niveau
(Suivi ESI + Elites)

- Détection
- Formation
- Suivi des ESA

Sport individuel

Sport collectif

- Intégration

- Intégration

- Gestion des compétit°

- Gestion des compétit°

(nat & rég)

(nat & rég)

La pyramide sportive de la
LHF
18 sportifs
18 sportifs
11 sportifs
3 sportifs

Quels sports pratiquer ?

Quelques exemples
supplémentaires :
•
•
•
•
•
•
•

Triathlon
Badminton
Canoé – Kayak
Taekwondo
Cyclo danse
Foot fauteuil
Hockey sur luge

•
•
•
•

Ski
Golf
Wakeboard
…

Dans quels clubs ?
Club handisport

Club en intégration

Club en inclusion

Comment rejoindre nos clubs ?
• Via notre site internet et la liste des clubs :
– www.handisport.be
– www.osezlehandisport.be

• Via nos collaborateurs : (info personnalisée en fonction de
plusieurs facteurs : handicap – localité – disciplines - …)
– info@handisport.be

Les classifications ?
• Pour concourir sur un pied d’égalité, les
athlètes sont classés en diverses catégories et
classes.
• Un système de classification est appliqué à
chaque sport, en fonction des spécificités de
celui-ci et de l’impact de l’infirmité sur le
sport.

Analogie avec les catégories de
poids
• Une procédure analogue
est appliquée tout aussi
bien aux athlètes valides,
par exemple l’utilisation
des catégories de poids
en boxe. Un boxeur poids
moyen n’est jamais
opposé sur le ring à un
poids lourd.

Catégories de handicaps
1. ATHLETES HANDICAPES PHYSIQUES
• Athlètes amputés
• Athlètes avec lésion de la
moelle épinière
• Athlètes avec paralysie
cérébrale : IMC
• Autres catégories : athlètes atteints d’affections
provoquant des problèmes locomoteurs et non
couverts par les catégories mentionnées ci-dessus.

Catégories de handicaps
2. ATHLÈTES
MALVOYANTS
ET NON-VOYANTS

3. ATHLÈTES PRÉSENTANT UN HANDICAP
MENTAL OU PSYCHIQUE
Altération significative du fonctionnement intellectuel,
indiquée par un Q.I inférieur à 75 reconnu avant les 18
ans du sportif.

Les classifications
Les classifications fonctionnelles :
 Exemples par rapport à la discipline :
La natation :

Classification
S – Papillon – Dos – Nage libre

Légende

S1

S2

S3

S5

S4

S6

Aucun Légère Modérée Sévère

S7

S8

S9

S11

S10

S12

S13

S14

SM – 4 nages
SM1

SM6

SB1

SB4

SB2

SM2

SM3

SB4

SM5

SM7

SB – Brasse

SB3

SB5

SM8

SB9

SM10

SM11 SM12 SM13 SM14

SB6

SB7

SB8

SB9

SB11

SB12 SB13 SB14

Les classificateurs
• Qui?
Des médecins ou des kinésithérapeutes
Passionnés de sport et d’handisport

• Comment?
Formation internationale à l’IPC (anglais)
De 2 à 7 jours
Pratiquement?
CV en anglais à envoyer à la
LHF
Préciser les sports qui
intéressent

Campagne :
Osez le handisport
OBJECTIFS
 Sensibiliser les pédiatres aux handisports:
 Rediriger les patients vers la LHF
 Donner les informations aux patients

 Sensibiliser les patients aux handisports
 Attirer les patients le plus rapidement possible
 Donner les informations nécessaires (site internet clair, livret)

MATÉRIEL DE PROMOTION
 Trois affiches :

 Un site internet:

 Une brochure :

Nos coordonnées
Ligue Handisport Francophone
Grand Hôpital de Charleroi « Site Reine Fabiola »
Avenue du Centenaire, 69 - 6061 Charleroi
Web : www.handisport.be
Tel : 071/10.67.50
Mail : info@handisport.be

ACCOMPAGNEMENT
MEDICAL D’UNE EQUIPE
PROFESSIONNELLE

jp Castiaux
eddy Hosten



1 MEDECIN DE CLUB



2 GESTION DE LA BLESSURE SUR LE
TERRAIN



3 ACCOMPAGNEMENT EN STAGE



4 LA TROUSSE MEDICALE SPORTIVE



5 LA CONSULTATION DE MEDECINE DU
SPORT

PLAN

1 bilan médical, physique et physiologique
d’avant saison : mesures de prévention
des carences et faiblesses de chacun
 2 éducation, conseils : santé, hygiène,
nutrition, dopage, prévention des
blessures
 3 établir un tissu de collaboration dans le
club et en dehors


1 MEDECIN DE CLUB

4 coordination des soins : médical, kinés,
revalidation, réathlétisation et reprise sur
le terrain
 5 relation avec joueur :
- bonne distance, respect ,
convivialité, prudence, confidentialité,
discipline, sérieux ,psychologie , confiance
soutien….


MEDECIN DE CLUB

LE MEDECIN DE TERRAIN
ex: le foot-ball
COTE PILE

COTE FACE



CIRCONSTANCES ET CONTEXTE DE LA
BLESSURE



EVOLUTION QUOTIDIENNE DE LA BLESSURE
: - meilleure adaptation au programme de
réentrainement
- meilleure connaissance des
délais de guérison



Facteurs de risques et prévention globale
expérience, feelingintuition,anticipation

COTE PILE
médecine « pratique »

Mentalité du sportif, du milieu du foot, du
club, de l’entourage
 Adaptation aux exigences, aux idées, aux
sensibilités de tous les acteurs du monde
sportif
 Empathie avec le sportif et son univers
capital confiance indispensable
pour faire sa place


COTE PILE
médecine relationnelle








Connaissance de beaucoup de gens du
monde sportif et politique
Ouverture de beaucoup de portes et de
nombreuses ramifications professionnelles
Médiatisation personnelle avec
répercussion sur la réputation et la
patientèle
Voyages , avantages financiers ,…
Sentiment de valorisation et de confiance
, flatterie de l’ego

COTE PILE
médecine « gratifiante »

Vivante – active – pratique
 Complémentaire à la médecine de cabinet
 Meilleure connaissance de la médecine du
sport in vivo
 Acquisition d’un meilleur équilibre entre la
théorie et la pratique


COTE PILE
conclusions

Toujours face à l’urgence et aux
exigences souvent extrêmes des joueurs
et du staff
 Décisions rapides sur le terrain et dans le
choix des soins les plus efficaces
 Décisions importantes à tous les niveaux
avec des répercussions importantes :
peur de l’erreur et des critiques


COTE FACE
médecine de stress



Perpétuel conflit entre la médecine théorique,
académique, établie , structurée et
la médecine adaptée au aléas du terrain ,
aux circonstances, parfois loin de la théorie
et des syllabus

prise de risque calculé entre théorie
et pratique, entre connaissance et
expérience ( danger!)
Nb l’expérience du terrain confirme
souvent les études publiées !

COTE FACE
médecine de conflits



Joueur

dirigeants
entraîneur
staff technique

Staff médical

adjoints

COTE FACE
médecine de conflit

délégué



MEDECIN

GYMNASTE

ENTRAÎNEUR

Médecine de conflits
ex : gymnastique

PARENTS

Horaires changeants et irréguliers
 Planning de travail en dehors des normes
scolaires et sociales
 Souffrance de la vie professionnelle au
cabinet
 Amputation et difficultés de la vie
familiale % implication


COTE FACE
une médecine « envahissante »

2 Comment gérer un
accident sportif sur le
terraain
Exemple :
Le genou



Ne jamais quitter des yeux les actions de
jeu, les contacts , les mouvements,…

« Deviner » ce qui pourrait arriver
Comprendre le sens du traumatisme
Observer la réaction du blessé, des
adversaires et des arbitres
 Attendre la permission de l’arbitre pour
monter sur le terrain




Le genou traumatique vu du banc








Sur place : garder son calme parmi
l’excitation générale
Interroger le joueur sur ce qui s’est passé
et comparer avec ce qu’on a vu
En fonction du sens et de la violence du
choc : suspecter la lésion et faire le test
ad hoc
Test de Lachman ++
Signaler à l’entraîneur si le remplacement
est indispensable

Le genou traumatique sur le terrain

Ne jamais céder à la pression des
dirigeants qui veulent tout savoir tout de
suite
 Ne jamais avancer directement un
diagnostic mais une potentiel de gravité à
confirmer par les examens
 Ne jamais donner un délai d’incapacité
précis mais établir une fourchette


Le genou traumatique dans le
vestiaire

3 Accompagnement de l’équipe en
stage



AVANT LE DEPART:
- climat, conditions locales, décalage
horaire, longueur du stage, régler les
problèmes administratifs et logistiques,
rassembler les dossiers médicaux des
joueurs (et du staff !), menus , préparer
trousse



PENDANT LE VOYAGE :
-être attentif et disponible, être proactif
et donner confiance
- petite trousse de voyage minimale et
penser aux petits détails



SUR PLACE :
- organiser la chambre-cabinet,
connaître les no chambres, infrastructures
médicales proches, distances, transports,
contacts
- briefing kinés , staff pour horaires
soins et adaptation des entraînements (
t°, fatigue, jet lag, altitude,…)



SUR PLACE :
- repas, menus
- boissons , pertes hydriques ( poids
corporel-densité urinaire), compléments
alimentaires ergogéniques
- éducation, contrôle, accompagner les
joueurs ( examens médicaux
complémentaires, hôpital, dopage,…)

"



SUR SOI



BORD DU TERRAIN



VESTIAIRE



TROUSSE DE DEPLACEMENT

4 LA TROUSSE D’URGENCE



Palier à l’accident tout de suite :
- compresses, coban , tape, colle
chirurgicale (petite plaie)
- désinfectant, ouate hémostatique
- sparadrap, ciseaux
- gants

SUR SOI







Trousse du kiné
Minerve , brancard , attelle
Glace, eau
Défibrillateur
Qqes médicaments « instant » ( feldene
lyotab , dolor instant, motilium,
immodium, spasmomen…)

Au bord du terrain







Pharmacie complète bien rangée (
produits interdits à part )
Attelles , béquilles , corset,..
Matériel de suture, agrapheuse
Matériel médical : sthétoscope, otoscope,
tensiomètre, thermomètre,…
Produits placebo « miracle » jamais vu

Dans le vestiaire



1 MATERIEL MEDICAL :
sthéto, tensio, ORL, otoscope,
abaisses-langues, thermomètre, marteau
réflexe, tigettes urinaires, seringues
,aiguilles diverses, ampoules diverses,
seringues diverses,…

TROUSSE DEPLACEMENT



2 MATERIEL INFIRMIER :
compresses , ouate hémostatique,
pansements compressifs, hydrophobes,
compresses occulaires, tous types de
bandes et sparadraps
gants, aiguilles, coupe-ongles, limes,
épingles
topiques de tous genres

LA TROUSSE



3 MATERIEL CHIRURGICAL :
boîte de suture complète ,
anesthésiques, rasoir, pinces ( épiler,
tiques, kocher,…),
ciseaux divers , bistouris, stéristrips,
colles,agrapheuse

La trousse



4 MATERIEL D’URGENCE :
pocket mask (avec valve) , canules
mayo, pinces, garot, seringues, aiguilles,
matériel de perfusion, cathéters ,
ciseaux,couverture de survie
TROUSSE D’URGENCE idem en
médecine générale

La trousse



5 MEDICAMENTS DE PREMIERE LIGNE :
antalgiques, anti-inflammatoires
sphère digestive
sphère respiratoire
ORL

La trousse



6 MATERIEL ADMINISTRATIF :
bloc papier; bics, marqueurs
check-list de la trousse (+ dates
péremption)
brassard terrain
ordonnances, répertoire médicaments
liste dopage, AUT
no tél de tous les collaborateurs

LA TROUSSE



COMPOSITION DE LA TROUSSE:
- urgence + sportive
- spécificités du sport concerné
- besoins de chacun ( sportif, staff ,
localisation;…)
-expérience des besoins

La trousse :
conclusion



LA CONSULTATION DE MEDECINE DU
SPORT :
pathologies et suivi du sportif

Enquête épidémiologique
française sur 7000 consultations









Entorses: 25%
Tendinopathie: 21,6%
Contracture: 13%
Contusion: 9,5%
Lésion cartilage-ménisque: 6,8%
Fracture: 5,2%
Elongation: 5%
Déchirure: 4,8%

Facteurs étiologiques
I. Exogènes ou Extrinsèques
II. Endogènes ou
Intrinsèques

FACTEURS EXOGENES

I. FACTEURS EXOGENES
1. L’ENTRAINEMENT

ECHAUFFEMENT
 ERREURS DE PROGRAMMATION:


Anaérobie>aérobie
< récupération
Reprise trop rapide après blessure
Mauvaise coordination motrice ou technique
Trop peu de souplesse et de travail
excentrique
Déséquilibre agonistes-antagonistes
Rupture de rythme

Mauvaise préparation physique
- de 15 ans

15-24 ans

25-34 ans

35 ans et +
0%

5%

10%

15%

20%

I. FACTEURS EXOGENES
2. TECHNOPATHIES


MATERIEL



MATERIAUX
materiel et
sols
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Etiopathogénie des lésions

Fréquence des lésions attribuées
à la technique gestuelle
50%
45%
40%
35%

Glisse
Combats
Gym-dansemuscu
Raquettes

30%
25%

Sport co

20%
15%
10%
5%
0%

Course

Foot

Etiopathogénie en fonction du
matériel
- de 15 ans

15-24 ans

25-34 ans

35 ans ou +
0%

5%

10%

15%

20%

Nature du sol
- de 15 ans

15-24 ans

25-34 ans

35 ans et +
0%

5%

10%

15%

20%

25%

30%

I. FACTEURS EXOGENES.

3. LE CLIMAT

T° TROP BASSE
 T° TROP HAUTE
%DESH2O
-1 % = 10%
chute
performance


-2% PERTE

ENDURANCE et début de
la sensation de soif donc
20 % perte performance
-3% PERTE FORCE
-6-7% MYOLYSE
…CRAMPES

FACTEURS ENDOGENES



2. DIETETIQUE
ALIMENTATION
HYDRATATION
SUPPLEMENTS
ANTIOXYDANTS
DOPAGE…

II. FACTEURS ENDOGENES



3. HYGIENE DE VIE
STRESS, FATIGUE
SOINS
DENTAIRES…

II. FACTEURS ENDOGENES

II.FACTEURS ENDOGENES


4.PERSONNELS
-AGE > 40 ans +
bmi>30
( WERNER 2005)

-SANTE
-MALADIE
-PERTURBATIONS
BIOLOGIQUES
(suivis sanguin et
urinaires…)

merci et bonne chance

Congrès du GBPF
26 novembre 2016

Recommendations de
disqualification des athlètes
compétitifs
Stéphane Moniotte
Cardiologie Pédiatrique - CUSL
stephane.moniotte@uclouvain.be

Merghani et al. Trends in Cardiovasc Med 2015

The U-shaped relationship between exercise and cardiac morbidity

Merghani et al. Trends in Cardiovasc Med 2015

Benjamin D. Levine et al. Circulation. 2015;132:e262-e266
Copyright © American Heart Association, Inc. All rights reserved.

Quelles sont les anomalies cardiovasculaires
à risque de mort subite ?

Quels patients doivent être disqualifiés d’une
pratique sportive (compétitive) ?

Circulation. 2007;115:1643-1655

Circulation. 2007;115:1643-1655

Circulation 2015;132:e256-e349

Cardiomyopathie hypertrophique

Les patients avec expression clinique non-équivoque (HVG) et
diagnostic de cardiomyopathie hypertrophique ne devraient pas
participer à des activités sportives compétitives, à l’exception
de celles de faible intensité (IA).
Et ce quel que soit:
- L’âge, le sexe;
- Le degré d’hypertrophie ventriculaire ou le type de mutation;
- La présence ou l’absence d’obstacle sur l’outflow du VG;
- La présence ou l’absence de symptômes cliniques;
- La présence ou l’absence de rehaussement tardif (fibrose) en IRM;
- La réalisation de geste thérapeutique (alcoolisation, myomectomie).

Cardiomyopathie hypertrophique

Les beta-bloquants ou un défibrillateur implantable dans le but
exclusif de permettre la participation à des sports de haute intensité
ne sont pas recommandés.
Les indications de défibrillateurs implantables ne sont pas différentes
chez les patients sportifs ou non sportifs.
Les patients asymptomatiques, avec génotype positif, sans HVG
(écho ou IRM) ne doivent pas être systématiquement disqualifiés, en
particulier en l’absence d’histoire familiale de mort subite

Cardiomyopathie spongieuse (LVNC)
Cardiomyopathies dilatées
Cardiomyopathies restrictives non hypertrophiques
Cardiomyopathies infiltratives

Les patients asymptomatiques, avec fonction systolique normale et
sans tachyarythmie ventriculaire démontrée, ne doivent pas être
systématiquement écartés.
Par contre, les patients avec LVNC et dysfonction systolique ou
tachyarythmie ventriculaire démontrée doivent être
disqualifiés, sauf éventuellement pour les sports de classe IA.

Myocardite
Avant la reprise des activités sportives, et 3-6 mois après l’épisode
aigu, le patient ayant présenté un tableau clinique compatible avec
une myocardite doit réaliser un bilan comprenant une échographie
cardiaque, un volter ECG de 24 heures, et un test d’effort.
La reprise est autorisée si tous les critères suivants sont satisfaits:
- Fonction systolique normale;
- Marqueurs sériques d’inflammation myocardique et de défaillance
cardiaque normalisés;
- Absence d’ESV ou d’ESSV fréquentes au Holter ECG et à l’épreuve
d’effort.
La signification de la persistance de rehaussement tardif en IRM
(fibrose) n’est pas établie.

Dysplasie arythmogène du VD (DAVD)
Un diagnostic formel ou possible de DAVD contre-indique la
pratique sportive, sauf éventuellement pour les activités de
classe IA.
La reprise est autorisée si tous les critères suivants sont satisfaits:
- Fonction systolique normale;
- Marqueurs sériques d’inflammation myocardique et de défaillance
cardiaque normalisés;
- Absence d’ESV ou d’ESSV fréquentes au Holter ECG et à l’épreuve
d’effort.
La signification de la persistance de rehaussement tardif en IRM
(fibrose) n’est pas établie.

Péricardite

Un diagnostic de péricardite en phase aigüe, ou de péricardite
chronique entrainant une constriction contre-indique
formellement la pratique sportive.
La reprise est autorisée si tous les critères suivants sont satisfaits:
- Fonction systolique normale;
- Marqueurs sériques d’inflammation myocardique et de défaillance
cardiaque normalisés;
- Absence d’ESV ou d’ESSV fréquentes au Holter ECG et à l’épreuve
d’effort;
- Absence d’épanchement péricardique en échographie.

Cardiopathies congénitales
Les critères suivants constituent des indications formelles de
disqualification (sauf classe IA):
- Shunt (D>G) avec hypertension pulmonaire, et cyanose;
- Shunt fermé par chirurgie ou voie percutanée depuis < 6 mois;
- Shunt avec arythmie symptomatique ou BAV du 2/3ième degré;
- Shunt avec dilatation ventriculaire gauche (PDA);
- Sténose pulmonaire sévère (> 60 mmHg) ou insuffisance
pulmonaire sévère avec dilatation marquée du VD: classe IA et Ib;
- Sténose aortique sévère (>70/40 mmHg);
- Coarctation avec gradient > 20mm Hg ou HTA d’effort > P95;
- HTAP > 25 mmHg (mean);
- Dysfonction sévère du VG après chirurgie cardiaque (FE < 40%).

Cardiopathies congénitales sévères

- Cardiopathie cyanogène de type tétralogie de Fallot: non réparée, avec
dysfonction ventriculaire sévère, obstacle à l’éjection, ou tachy-arythmies;
- D-TGV, L-TGV, Ebstein, Fontan, …

Anomalies coronaires

Les anomalies suivantes constituent des indications formelles
de disqualification:
- Artère coronaire anormale issue de l’artère pulmonaire (ALCAPA,
ARCAPA), même en l’absence d’infarctus du myocarde préalable;
- Coronaire droite issue du sinus de valsalva gauche avec
symptômes ou test d’effort pathologique;
- Coronaire gauche issue du sinus de Valsalva droit, surtout si l’artère
passe entre la pulmonaire et l’aorte, avant correction, en présence
ou en l’absence de symptômes.

Autres pathologies à garder à l’esprit…

Les anomalies suivantes peuvent dans certains cas constituer
des indications formelles de disqualification:
- Maladies valvulaires; dilatation de la racine aortique (Marfan);
- Hypertension artérielle;
- Pathologies coronaires (vasculites, kawasaki, hypercholestérolémie,
…);
- Arythmies et troubles de conduction; pacemaker et défibrillateur;
- Channelopathies (LQT, CPVT, Brugada, …);
- Drépanocytose.

Conclusions

•

Les accidents sont rares mais
dramatiques

•

Quelques étiologies représentent 70%
des incidents

•
•

Le dépistage idéal n’existe pas
Les recommandations sont lacunaires;
néanmoins certains patients doivent
être disqualifiés de la pratique
sportive

Développement optimal du
jeune athlète et attitudes des
parents

CONGRES GBPF 26 novembre 2016

Psychologie du sport
Professeur Philippe Godin - UCL

1. Origine de la pratique
sportive?
Parents (60-70%)
Pairs
Médias
Opportunité matérielle
..autres ( ..hasard…)

Psychologie du sport
Professeur Philippe Godin - UCL

2. Causes de l’abandon sportif
Première cause: problème relationnel
-entraîneur
-parents

Deuxième cause: mauvaise gestion
du stress compétitif
Troisième cause: centre d’intérêts
contradictoires (études, vie sociale,
autres activités…)
Psychologie du sport
Professeur Philippe Godin - UCL

3. Caractéristiques de
l’adolescence
Développement psychologique et
physique ( y compris moteur)
…décalé.
Développement de la
personnalité…IDENTIFICATION(MOI)
-découverte du monde
émotionnel (!!!!!!!!!!!)
-développement estime de soi (!!!
!!!!!!!!!!!!!)
Psychologie du sport
Professeur Philippe Godin - UCL

4. Identification (?)
L’ado doit se construire.. Ingrédients
nécessaires:
-besoin de l’amour
parental..(Soutien)
-distanciation parentale
« SE construire »?
..s’approprier des ..valeurs,
objets, personnages…ses propres
activités…
Psychologie du sport
Professeur Philippe Godin - UCL

5.Monde émotionnel
Apprentissage de la gestion du stress
Rôle essentiel des parents:
désinvestis-----------------surinvestis
EUSTRESS
DYSTRESS+++………….DYSTRESS+++
Psychologie du sport
Professeur Philippe Godin - UCL

6. Ambiguïté du rôle parental
-soutien matériel, affectif, financier,
intendance,..
….ce qui implique une dépendance
de l’adolescent
-développer l’autonomie…..
…………………… l’indépendance
Psychologie du sport
Professeur Philippe Godin - UCL

7. Ambiguïté de l’adolescent
Recherche et demande d’amour,
d’affection, ….des parents
….apprentissage de l’indépendance..
…. CULPABILISATION..« il fait ( font)
tant pour moi…je suis redevable
de…. ….(sous entendu: .;si je
déçois…il ne m’aimera plus…
Psychologie du sport
Professeur Philippe Godin - UCL

8. Investissement des parents
Pas de différence liée au sexe
Le parent s’approprie le sport de son
enfant « ..à ta place… » « je fais tout
pour toi….mais tu dois… »
IDENTIFICATION (surinvestissement)
Psychologie du sport
Professeur Philippe Godin - UCL

Risque du Hold-up concernant le
sport….
………le sport de l’ado devient le sport
du parent……..
……….Dans tous les cas…MORTEL

Psychologie du sport
Professeur Philippe Godin - UCL

9. Principales qualités
psychologiques à développer..
-

la motivation intrinsèque
l’estime de soi
la gestion des états émotionnels
la capacité organisationnelle

- ..l’autonomie..

Psychologie du sport
Professeur Philippe Godin - UCL

10. Respecter les phases de
développement
( quel sport?)
De 6 à 11-12 ans
De 11-12 à 14-16
Au-delà ..…

Psychologie du sport
Professeur Philippe Godin - UCL

11. Quelle attitude?
Pousser….
……………………….versus Soutenir

Vers l’AUTODETERMINATION
… « C’est ton projet ».. « c’est MON
projet »
Psychologie du sport
Professeur Philippe Godin - UCL

12. Comment faire?
..soutenir..responsabiliser…être à a
fois ferme et souple….
..mettre l’accent sur l’attitude..les
comportements…..JAMAIS sur la
performance, le résultat….
..encourager.. consoler.. relativiser..
..éduquer à la prise de distance
…sport et « hasard »
Psychologie du sport
Professeur Philippe Godin - UCL

Différencier les objectifs
…..de résultats (-)
…….de performance ( ++)
……de processus (++++)

Psychologie du sport
Professeur Philippe Godin - UCL

13. Liens entre parents et
entraîneur
Rencontrer l’entraîneur deux fois/an
S’informer des valeurs éducatives
Rester parents…
………suivre, participer, montrer son
intérêt,..
En compétition..observer mais contrôler
émotions
Protéger tout en développant la
capacité à faire face
Psychologie du sport
Professeur Philippe Godin - UCL

Bonjour,

Je reviens vers vous au sujet de ma fille ..Kola.
Vous l'avez suivie de fin mai à fin juillet pour l'aider à vaincre son
stress lors de ses compétitions en gymnastique de haut niveau. Je
ne suis plus revenue vers vous au mois d'août car la fédération
m'avait dit prendre ….
Ce qui ne nous a pas empéché, nous parents, de travailler de
manière régulière avec …les techniques que vous lui avez
apprises. Nous avons également mis en application les conseils
par rapport Ã la manière positive d'exprimer ses pensées. Nous
avons également "organisé » à l'aide des fameuses listes son
détachement vis-à-vis de moi (et de mon stress personnel) , sa
prise en mains en période de compétition .
Tous vos conseils, même si en entretien, …. me paraissait parfois
lointaine, elles les a réellement assimillés.
Samedi, elle était en compétition à ….. Première compétition
depuis le suivi.
Psychologie du sport
Professeur Philippe Godin - UCL

J'ai vu ma fille transformée. Une attitude droite et fière, un
visage concentré. Je la voyais gérer son attente, s'octroyer des
moments de "pause" puis se reconcentrer sur ses routines sans
jamais me regarder (je suis restée toujours au même endroit. Elle
m'a repéré puis plus un regard). Elle a réalisé une compétition
magnifique et, cerise sur le gâteau, aucune chute. Elle reste
consciente qu'il y en aura encore, que ce n'est pas gagné, qu'il
faudra apprendre à gérer ça aussi. Mais quel soulagement pour
elle. Elle s'est prouvée à elle-même qu'elle avait sa place. Elle a
repris confiance et a pris conscience que les exercices qu'elle a
réalisé régulièrement, sans trop savoir si Ãça allait l'aider, étaient
efficaces.
Alors, déjà pour tout cela, merci car personnellement, je vois plus
loin et cette attitude de stress et de dévalorisation me faisait peur
au-delà de la ...
Je suis consciente qu'il faudrait aller plus loin.
Et j'espère que ce beau résultat fera prendre conscience Ã la
fédération que ce suivi , cette préparation mentale est aussi
importante que la préparation physique.
Donc, à bientôt, j'espère et encore merci pour votre travail avec
….
Psychologie du sport
Professeur Philippe Godin - UCL

Je vous remercie pour votre attention

Psychologie du sport
Professeur Philippe Godin - UCL
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Historical Context

his document addresses medical issues related to trained
athletes with cardiovascular abnormalities. The objective
is to present, in a readily useable format, consensus recommendations and guidelines principally addressing criteria for
eligibility and disqualification from organized competitive
sports for the purpose of ensuring the health and safety of
young athletes. Recognizing certain medical risks imposed on
athletes with cardiovascular disease, it is our aspiration that
the recommendations that constitute this document will serve
as a useful guide to the practicing community for clinical decision making. The ultimate goal is prevention of sudden death
in the young, although it is also important not to unfairly or
unnecessarily remove people from a healthy athletic lifestyle
or competitive sports (that may be physiologically and psychologically intertwined with good quality of life and medical
well-being) because of fear of litigation. It is our goal that the
recommendations in this document, together with sound clinical judgment, will lead to a healthier, safer playing field for
young competitive athletes.

There have been 3 prior documents, all sponsored by the
American College of Cardiology (ACC),1–3 that addressed
eligibility and disqualification criteria for competitive athletes with cardiovascular diseases: Bethesda Conferences 16
(1985), 26 (1994), and 36 (2005), published and used over
a 30-year period. Each of the 3 initiatives (and the present
American Heart Association (AHA)/ACC scientific statement) were driven by the tenet that young trained athletes
with underlying cardiovascular abnormalities are likely at
some increase in risk for sudden cardiac death (usually on the
athletic field) compared to nonathletes or competitive athletes
without cardiovascular disease.4–8
All 3 Bethesda Conferences and the present derived AHA/
ACC document provide expert consensus recommendations.
These insights use (1) the experience and expertise of the panelists (ie, individual and collective judgments, using the “art of
medicine”) and (2) available scientific evidence that estimates
the medical risk in athletes with underlying acquired, genetic,
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and congenital heart abnormalities imposed by the unique
lifestyle of engagement in competitive sports.
These insights can be applied to decision making for temporary or permanent disqualification versus eligibility of athletes with probable or conclusive evidence of cardiovascular
disease; however, the scientific data supporting many of the
recommendations in this document are unavoidably limited, as
evidenced by the frequent assignment of a Level of Evidence
C. Nevertheless, each of the 3 prior Bethesda Conferences
has served the practicing community well, offering clinicians
a consensus reference document that is potentially helpful
in resolving predictably difficult clinical dilemmas. It is our
expectation that the present conservative AHA/ACC scientific
statement will follow in that tradition. The final document was
approved by all participants and assigned outside reviewers.

Impetus for the Present Document
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There are a number of factors that support the decision to update
the 36th Bethesda Conference here.3 First, sudden cardiac deaths
in young healthy athletes remain tragic and counterintuitive
events, subject to persistently high public visibility, emotion,
and media scrutiny, with potential legal liability considerations.
Therefore, a strong impetus remains to identify high-risk athletes to reduce their exposure to sudden death risk. Indeed, there
is an ever-expanding population of competitive athletes, including those participating in new and emerging organized sports.
Second, cardiovascular medicine changes rapidly. As evidence
of this, in the almost 10 years since publication of the 36th
Bethesda Conference,3 new conditions associated with sudden
death in the young have been recognized, and knowledge of the
responsible diseases and inherent risks of sudden cardiac death
in the young has evolved.4–8 As a result, some selected areas of
the 36th Bethesda Conference may have become obsolete, and
novel issues not previously addressed, have emerged. Third, an
increasing number of adults with congenital heart disease and
cardiomyopathies are now being recognized (often with surgical
palliation or correction) who wish to engage in competitive athletics and require contemporary recommendations. In addition, the
increasing penetration into cardiovascular practice of implantable devices (eg, pacemakers and cardioverter-defibrillators) has
created greater numbers of physically active young people with
genetic heart diseases who have had devices implanted and who
may aspire to participation in competitive athletics. Recently,
there has been greater deployment of automatic external defibrillators at athletic events in recognition of sudden death risk
in young athletes. Finally, the practicing cardiovascular community deserves and expects the most up-to-date information on
which to make important clinical decisions regarding eligibility
versus disqualification of competitive athletes.

Definitions
As in the 3 Bethesda Conferences,1–3 the basic definition of
a competitive athlete remains unchanged: One who participates in an organized team or individual sport that requires
regular competition against others as a central component,
places a high premium on excellence and achievement, and
requires some form of systematic (and usually intense) training. Therefore, organized competitive sports are regarded as a

distinctive activity and lifestyle. An important principle concerns whether competitive athletes with either known or unsuspected cardiovascular disease can be expected to properly
judge when it is prudent to terminate physical exertion. Indeed,
the unique pressures of organized sports do not allow athletes
to exert strict individual control over their level of exertion or
reliably discern when cardiac-related symptoms or warning
signs occur that should dictate termination of the activity.
Furthermore, it is emphasized that these AHA/ACC recommendations should not be regarded as a general overriding
injunction against all forms of exercise. Notably, this document
is concerned only with organized and sanctioned competitive
sports participation, such as most commonly found in middle
school, high school, and college,1–3 and not with purely recreational physical activities.9 The panel recognizes and strongly
supports the well-documented health benefits of exercise, with
regular physical activities encouraged for those people who have
been removed from organized competitive athletics, or who elect
to participate in a wide range of recreational sporting activities.
Although the Bethesda Conferences and the present document are largely focused on student-athletes of high school and
college age (primarily 12–25 years old), the panel recognizes
the need to also be more expansive with regard to age of the
athletes, that is, that participation in competitive athletics now
increasingly begins earlier in a variety of youth sports before
high school and continues beyond college. This consideration
is also substantiated by the realization that inherited arrhythmia
syndromes can impact very young people and that patients with
genetic, congenital, or acquired heart diseases now engage in
competitive athletics at more advanced ages. However, because
systematic preparticipation screening in the United States does
not usually begin before high school,4 recognition of cardiovascular disease in such younger athletes is unpredictable.

Causes of Sudden Death in Athletes
The cardiovascular causes of sudden death in young athletes
have been well documented in forensic databases.5–9 These
deaths occur in both sexes (although more commonly in males,
by 9:1); in minorities, prominently including African-Americans
and in a wide range of individual and team sports. In the United
States, among people <35 years old, genetic heart diseases predominate, with hypertrophic cardiomyopathy being the most
common, accounting for at least one-third of the mortality in
autopsy-based athlete study populations.5–7 Congenital coronary
anomalies (usually those of wrong sinus origin) are second in
frequency, occurring in ≈15% to 20% of cases. Other less common diseases, each responsible for ≈5% or fewer of these sudden deaths, include myocarditis, aortic valve stenosis, aortic
dissection/rupture (including cases of the Marfan phenotype),
atherosclerotic coronary artery disease, ion channelopathies, and
arrhythmogenic right ventricular cardiomyopathy. In addition,
commotio cordis (ie, sudden death caused by blunt, nonpenetrating chest blows, associated with structurally normal hearts) is
more common as a cause of sudden death in young athletes than
many of the aforementioned structural cardiovascular diseases.10
Regional variations in the causes of sudden death may
exist.6–9 Notable among these, arrhythmogenic right ventricular
cardiomyopathy has been reported as the most common cause
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of sudden death in young athletes based on reports from the
Veneto region of Italy,8 whereas this disease is a much less frequent cause of sudden death in US athletes.6 In most athletes,
sudden death occurs in the setting of ventricular fibrillation, with
the notable exception of aortic dilation that leads to dissection
and rupture. For older athletes (>35 years of age), atherosclerotic coronary artery disease is the predominant cause of sudden
death,7 but this occurs less frequently in younger participants.

How to Use the Document
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Of the 15 Task Forces that make up this document, 9 are disease
(or multidisease) related. As before,1–3 specific recommendations for sports eligibility or temporary or permanent disqualification to reduce sudden death risk are formulated around
the classification of sports (Task Force 1), which incorporates
the principle that training and competition demands may vary
considerably among competitive sports (often within sports
as well), that the intensity of conditioning may exceed that of
competition, and that different levels of physical activity are
likely to impact underlying (and unsuspected) cardiovascular
diseases unpredictably and in different ways. Furthermore, it
is difficult to accurately grade or take into account exercise
intensity in various sports because of a variety of factors, particularly motivational attitudes. Finally, as was the practice
in prior Bethesda Conferences 16, 26, and 36,1–3 the panel
advises that sports participation recommendations or decisions be based on probable or confirmed diagnostic evidence
for cardiovascular disease and not include diagnoses that are
ambiguous, possible, or borderline.
The other 6 Task Forces deal with a variety of relevant topics and issues surrounding the risks of the athletic field. These
include strategies for preparticipation screening (Task Force
2), use of the automatic external defibrillator on the athletic
field (Task Force 12), the impact of dietary supplements and
performance-enhancing substances (Task Force 11), commotio cordis as an acknowledged new risk of sudden death during
sports (Task Force 13), and medical-legal perspectives (Task
Force 15). However, we should underscore that it is not possible to foresee and include in this document every conceivable cardiovascular abnormality or clinical situation relevant
to athletes. Eligibility and disqualification decisions in those
particular situations would be made on a case-by-case basis
with individual clinical judgment. Each of the 15 Task Forces
is cited independently as a publication in PubMed.

Who Should Use This Document?
These recommendations are designed primarily for cardiologists, internists, pediatricians, family medicine physicians,
and other practitioners (including team physicians) charged
with decision-making responsibilities related to the eligibility
and disqualification of those competitive athletes with cardiovascular disease.
Although this document essentially focuses on disqualification standards for trained competitive athletes, particularly
those in organized sanctioned programs, we also recognize
that the principles espoused herein may be, if appropriate,
useful when translated to physically active people in other
circumstances, for example, in occupations such as police

officers, firefighters, and pilots,11 as well as to participants in
certain recreational sports activities. In this regard, it should
be underscored that many people independently choose to
engage in recreational physical activities that may in fact
involve high-intensity vigorous training at the same level of
some competitive athletes. Therefore, the use of this document for decision making will require certain judgments and
extrapolations to account for perceived differences in activity
between trained competitive athletes in organized sports and
some other physically active people. Hence, it may be possible
to selectively apply the principles contained in this document
to certain sporting activities that do not meet our precise definition of “competitive.” Nevertheless, excessive and unnecessary exercise restrictions for such people with heart disease
could potentially create physical and psychological burdens
(particularly in young children) and are discouraged.9
If the underlying medical considerations are similar to
high school- and college-aged athletes, the recommendations
in this document could be used to guide decisions relevant
to professional athletes with cardiovascular abnormalities.
However, professional athletes represent a very small and
unique subset of all competitive athletes compared with the
millions of student-athlete participants and are generally
highly compensated adults with employment contracts.12

Assessment of Risks
Young people participating in competitive sports with cardiovascular abnormalities have limited control when exposed to
extreme and unpredictable environmental conditions (associated with alterations in blood volume, hydration, and electrolytes), as a result of the unwavering demands of sport. These
circumstances can enhance the risk for potentially lethal
arrhythmias and sudden death, given underlying cardiovascular disease. For many athletes, removal from the lifestyle
of athletic training and competition will reduce this risk for
sudden death or disease progression, even in the absence of
established risk factors related to their disease.13 However,
appropriate sports disqualification is only one component of
risk reduction, and each of the relevant cardiovascular diseases is attached to its own treatment algorithms, which can
include prophylactic implantation of a cardioverter-defibrillator should sudden death risk be judged unacceptably high.14–16
The present recommendations, formulated with respect to
allowable levels of sports activity, can be regarded as generally conservative. Certainly, this is a prudent posture when the
available evidence is limited in many decision-making areas.
In this regard, the panel acknowledges that the available data
support the principle that participation in high-intensity sports
is associated with an increased relative risk of sudden death in
the setting of some cardiovascular diseases.6–17 On the other
hand, this likelihood cannot be determined with certainty for
each patient/athlete, and in fact may be low in certain people.
However, at present, additional risk-stratifying tools are not
available to independently (and more precisely) guide many
of these difficult medical decisions in athletes, particularly for
diseases such as hypertrophic cardiomyopathy.18
Thus, it is possible that the recommendations of this consensus panel (as with the 3 previous Bethesda Conferences)1–3
will occasionally cause some athletes to be unnecessarily
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withdrawn from competition. This is, of course, unfortunate,
because athletes derive considerable self-assurance, confidence, physical well-being, and even on occasion financial
security from these activities. Nevertheless, the increased sudden death risk associated with intense sports is a controllable
variable (by disqualification from such sports), and we believe
the devastating impact on families and communities of even
infrequent sudden death events in this young population underscores the wisdom of our conservative recommendations.
In practice, individual athletes may be encouraged to
change their competitive sport involvement from a prohibited
high-intensity activity to a more permissible low-intensity one
(ie, usually to class IA). However, the strategy of changing the
position in which an athlete competes (eg, from running back
to place kicker in football, or to goalie in hockey or soccer)
may be difficult to accomplish in practical terms and therefore
should be advised only if the training obligations outside of
game situations can be controlled and modified adequately.

Relation of AHA/ACC Guidelines
to 36th Bethesda Conference
The present AHA/ACC recommendations are intended to
update (and are derived from) the prior Bethesda Conferences.1–3
For the most part, the specific recommendations are similar or identical to those in the report on the 36th Bethesda
Conference.3 However, selected recommendations of the present AHA/ACC document do in fact deviate from those of the
36th Bethesda Conference, becoming less restrictive as certain
data and observations have emerged since 2005. Nevertheless,
numerous “gray areas” persist, for which the assessment of
safe versus nonsafe sports participation continues to be uncertain from a medical and scientific perspective, with absolute
certainty difficult to achieve for many cardiovascular issues.
This may result in differences of opinion among physicians
regarding the exercise of clinical judgment in individual cases.
Thus, in making certain eligibility or disqualification decisions, some physicians may rely on the more liberal guidelines
in portions of the present document, whereas others may take
a more conservative approach by adopting the more restrictive
recommendations from the 36th Bethesda Conference.
It is also important to underscore that the recommendations in this AHA/ACC document are not intended to establish
absolute mandates or the general medical (and legal) standard
of care applicable to all cases. These recommendations do
not (and cannot) absolutely and arbitrarily replace individual
clinical judgment and informed medical reasoning.

The panel recognizes that some practitioners, depending
on their perception of risk for specific individual patients,
may choose to prudently deviate from the published recommendations in selected clinical situations. Therefore, fully
informed athletes with certain conditions may continue to
engage in competitive sports in concert with recommendations made by their physician and athletic organization
(ie, high school or college). Individual athletes in the past
have taken this option to continue or return to play, and we
anticipate this will occur in the future. There will always be
tolerance in the system for some flexibility and individual
responsibility and choice, after the prevalent uncertainties
have been acknowledged.
As with all guidelines, which cannot be regarded as rigid
dictum, the specific medical clearance or disqualification
recommendation in a particular case is ultimately the responsibility of the managing physician with medically relevant
knowledge of the individual athlete-patient. Although neither
the 36th Bethesda Conference or the present AHA/ACC recommendations arbitrarily establish the standard of care, these
documents nevertheless do provide the framework for good
medical practice.19
It is important to recognize that protection of the athlete’s
health and avoidance of any unreasonable risks for sudden
death during competitive athletics should be considered a priority in exercising individual clinical judgment and making
medical recommendations regarding sports participation with
a cardiovascular abnormality. The level of importance that
the athlete personally attaches to engagement in competitive
sports should not be a deciding factor in formulating eligibility recommendations.
Clinicians should also recognize that medical eligibility
versus disqualification decisions have become increasingly
complex. Also, these decisions may be fraught with potential
legal liability risks. Therefore, it is unwise to be unduly influenced by the libertarian (free will) desires of athletes (with
an important cardiovascular abnormality) willing to assume
medically unreasonable risks to participate in a sport, nor
by the managing clinician’s personal willingness to comply
with the desires of the individual athlete-patient. Finally, it is
important to recognize that third-party interests (eg, on behalf
of high schools, colleges, or professional clubs) unavoidably
contribute to the complexity in the decision-making process,
but these should not outweigh the paramount concern for the
athlete’s health and safety when making medical eligibility
recommendations.
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S

udden deaths of young competitive athletes are tragic
events that continue to have a considerable impact on the
lay and medical communities.1–17 These deaths are usually
due to a variety of unsuspected cardiovascular diseases and
have been reported with increasing frequency in both the
United States and Europe.1,5 Such deaths often assume a high
public profile because of the youth of the victims and the
generally held perception that trained athletes constitute the
healthiest segment of society, with the deaths of well-known
elite athletes often exaggerating this visibility. These counterintuitive events strike to the core of our sensibilities,
periodically galvanizing discussion and action, and in the
process raise practical and ethical issues related to detection
of the responsible cardiovascular conditions.
Preparticipation cardiovascular screening is the systematic
practice of medically evaluating large, general populations of
athletes before participation in sports for the purpose of
identifying (or raising suspicion of) abnormalities that could
provoke disease progression or sudden death.13,16 Indeed,
identification of the relevant diseases may well prevent some
instances of sudden death after temporary or permanent
withdrawal from sports or targeted treatment interventions.15,17–21 In addition, the increasing awareness that automated external defibrillators (AEDs) may not always prove
successful in the secondary prevention of sudden death for

athletes with cardiovascular disease22 underscores the importance of preparticipation screening for the prospective identification of at-risk athletes and the prophylactic prevention of
cardiac events during sports by selective disqualification.
Although some critics have questioned the effectiveness of
cardiovascular screening,23,24 overwhelming support for the
principle of this public health initiative exists in both the
medical and lay communities.13–16,25 The efficacy of the
various athlete screening strategies is not easily resolved in
the context of evidence-based investigative medicine.
Recently, recommendations of the European Society of
Cardiology (ESC)16 and International Olympic Committee
(IOC)26,27 have triggered a new debate regarding the most
appropriate strategy for screening trained athletes and other
sports participants. Indeed, issues related to the methodology
and justification for preparticipation screening, including use
of the 12-lead electrocardiogram (ECG), have become a
complex area of debate.
The present document is largely a response to these recent
considerations and developments and represents the consensus of a number of cardiovascular and other specialists with
extensive clinical experience and expertise related to athletes
of all ages, as well as a sports medicine legal expert. The
panel addressed the benefits and limitations of the screening
process for early detection of cardiovascular abnormalities in
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competitive athletes, cost-effectiveness, feasibility issues, and
relevant medical-legal implications. The results of these
deliberations constitute the consensus recommendations and
guidelines presented here, which we believe outline the most
prudent, practical, and effective screening strategies for
competitive athletes in the United States. This update of the
1996 American Heart Association (AHA) preparticipation
screening scientific statement13 10 years later seems particularly relevant and timely given the large number of competitive athletes in this country; the continuing (if not accelerating) interest in the problem of athletic field deaths; recent
public health initiatives on physical activity, exercise, and
screening; and the rapidly approaching 2008 Beijing Olympic
Games.

Definitions and Background
Downloaded from http://circ.ahajournals.org/ by guest on November 13, 2016

The present discussion focuses on the competitive athlete,
defined as one who participates in an organized team or
individual sport that requires systematic training and regular
competition against others and places a high premium on
athletic excellence and achievement. This definition includes
organized and sanctioned sports (interscholastic: middle
school and high school), college sports (intercollegiate and
club sports, but exclusive of intramural competition), and
professional sports, which are examined separately.
The purpose of preparticipation screening (as described
here) is to provide potential participants with a determination
of medical eligibility for competitive sports that is based on
evaluations intended to identify (or raise suspicion of) clinically relevant, preexisting abnormalities. Although this
screening process traditionally involves the evaluation of
many organ systems, the focus here is on cardiovascular
disease. The principal objective of screening is to reduce the
cardiovascular risks associated with organized sports and
enhance the safety of athletic participation; however, raising
the suspicion of a cardiac abnormality on a standard screening examination is only the first tier of recognition, after
which subspecialty referral for further diagnostic testing is
generally necessary.
When a definitive diagnosis of heart disease is made, the
consensus panel guidelines of Bethesda Conference No.
3615,20,28 may be used to formulate recommendations for
either continued participation or disqualification (temporary
or permanent) from competitive athletics. For those young
athletes with genetic heart disease who are disqualified from
competitive sports, recommendations for recreational athletic
activities and normal lifestyle are available.29
The guidelines advanced in the present document focus
primarily on the mass screening of high school and collegiate
student-athletes of all races and both genders. However, these
recommendations may also apply to athletes in youth (ⱕ12
years of age) or masters (ⱖ30 years of age) sports,30 as well
as to clinical assessments in other venues, such as individuals
or small groups of athletes evaluated primarily in office
practice settings by personal or team physicians. Preparticipation screening of a single athlete (or small groups) by
personal physicians also requires a standard history and
physical examination but may be much more likely to include
noninvasive testing. A limitation attached to medical evalu-

ations performed only for athlete screening purposes is the
lack of insurance carrier reimbursements for such examinations. It is also understood that the standard preparticipation
screening examination extends beyond considerations for
cardiovascular disease and involves numerous other medical
issues and organ systems.
The present AHA recommendations and the importance
attributed to screening are predicated on the likelihood that
intense athletic training and competition act as a trigger to
increase the risk for sudden cardiac death or disease progression in susceptible athletes with underlying heart disease
(although quantification of that risk remains elusive).1,6,8,9,16
Indeed, the vast majority of young athletes who die suddenly
of cardiovascular disease do so during sports training or
competition, and a relationship has been drawn between
intense physical activity and arrhythmia-based sudden
death.1,6,8,16 This risk of sudden death, however, appears to be
independent of the level of athletic competition (ie, high
school, college, or professional). Finally, early detection of
clinically significant cardiovascular disease through preparticipation screening13,16 will, in some cases, permit timely
therapeutic interventions that may alter clinical course and
significantly prolong life.18,19 For example, high-risk individuals with genetic heart disease may be eligible for prophylactic implantable cardioverter-defibrillators or other therapeutic interventions.31

Causes of Sudden Death in Athletes
A variety of cardiovascular diseases represent the most
common causes of sudden death in young athletes.1,4,6,8 The
vast majority of these deaths in US athletes ⬍35 years of age
are due to several congenital or acquired cardiac malformations (see the Figure). Hypertrophic cardiomyopathy
(HCM)32 is the single most common cause of athlete deaths
(responsible for approximately one third of the cases), followed by congenital coronary artery anomalies, particularly
those of wrong aortic sinus origin.11 Several other cardiovascular diseases account for ⬇5% or less of these deaths in
athletes. In the United States, these deaths occur most
commonly in basketball and football, sports that have the
highest levels of participation and also involve particularly
intense levels of physical activity.1,4,6
The older athlete population (more than approximately 35
to 40 years of age) presents a different demographic profile,
with participation commonly in individual sports such as
long-distance and road racing (including the marathon).33,34
The vast majority of deaths in middle-aged athletes are due to
unsuspected atherosclerotic coronary artery disease.33,34
Because this document focuses on the cardiovascular
evaluation of athletes, other related medical problems that
may also cause sudden death in such individuals are not
considered here. These conditions include heat stroke, cerebral aneurysm, bronchial asthma, nonpenetrating blunt chest
blows (commotio cordis),35 and sickle-cell trait, as well as
nutritional supplements and illicit drugs.

Prevalence and Scope of the Problem
Relevant to the design of any screening strategy is the fact
that sudden cardiac death in athletes is an infrequent event
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Figure. Distribution of cardiovascular causes of
sudden death in 1435 young competitive athletes.
From the Minneapolis Heart Institute Foundation
Registry, 1980 to 2005. ARVC indicates arrhythmogenic right ventricular cardiomyopathy; AS, aortic
stenosis; CAD, coronary artery disease; C-M, cardiomyopathy; HD, heart disease; LAD, left anterior
descending; LVH, left ventricular hypertrophy; and
MVP, mitral valve prolapse.
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and that only a small proportion of those participating in
organized sports are in fact at risk because of unsuspected
cardiovascular disease. Indeed, each of the conditions known
to be responsible for sudden death in young athletes occurs
infrequently in the general population, ranging from the
relatively common HCM (1:500)36 to much rarer conditions,
such as congenital coronary artery anomalies, arrhythmogenic right ventricular dysplasia, ion channelopathies
(long-QT syndrome, catecholaminergic polymorphic ventricular tachycardia, and Brugada syndrome), and Marfan syndrome. The cardiac diseases relevant to these screening
considerations probably account for an estimated combined
prevalence of 0.3% in general athlete populations.
In addition, the large reservoir of competitive athletes in
the United States constitutes a major obstacle to systematic
screening strategies. Each year, there are probably more than
5 million individual competitive athletes at the high school
level (grades 9 to 12), in addition to lesser numbers of
collegiate (including the NCAA [National Collegiate Athletic
Association], NAIA [National Association of Intercollegiate
Athletics], and junior colleges; ⬎500 000), and professional
(⬇5000) athletes. This does not take into consideration the
many youth, middle school, and masters-level competitors for
whom reliable numbers are not available. Therefore, depending on the precise definition used, the relevant athlete
population available for screening may be as large as 10
million persons annually.
Although the incidence of athlete deaths is not known with
certainty, it would appear to be in the range of 1:200 000
young people of high school age per year, according to a
Minnesota study of 1.4 million student-athlete participants in
27 sports over a 12-year period.10 Although the frequency of
deaths in young athletes appears to be relatively low, such
deaths are undoubtedly more common than previously
thought and represent a substantive public health problem.

Ethical Considerations
There is general consensus that in a benevolent society, a
responsibility exists on the part of physicians to initiate

prudent efforts to identify life-threatening conditions in athletes for the purpose of minimizing the risk associated with
the intersection of sports and cardiovascular disease. Specifically, there would also appear to be an implicit ethical (and
possibly legal) obligation on the part of educational institutions (eg, high schools and colleges) to implement costeffective strategies to ensure that student-athletes are not
subjected to unacceptable and avoidable medical risks that
could lead to injury or death.
The extent to which preparticipation screening efforts can
be supported is, however, mitigated by the recognition that it
is not possible to achieve a “zero-risk” circumstance in
competitive sports. Indeed, selectively, there is an implied
acceptance of small inherent risks of injury on the part of
participants. For example, as a society, we condone many
athletic activities with known intrinsic risks that cannot be
controlled in absolute terms, eg, automobile racing or mountain climbing, as well as more traditional sports such as
football and boxing, in which the possibility of serious
traumatic injury is recognized as an implicit aspect of
participation.

AHA Screening Guidelines
The present 2007 AHA recommendations for personal and
family history and physical examination are promoted by the
panel as a potentially effective strategy to raise the suspicion
of cardiovascular disease in both large and small screening
populations of high school and college student-athletes (see
the Table). These recommendations were initially proposed in
the 1996 AHA Scientific Statement13 and appear here virtually unaltered (Table). The 2007 AHA recommendations
consist of 12 items (8 for personal and family history and 4
for physical examination). At the discretion of the examiner,
a positive response or finding in any 1 or more of the 12 items
may be judged sufficient to trigger a referral for cardiovascular evaluation. Parental verification of the responses is
regarded as essential for high school (and middle school)
students.
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TABLE. The 12-Element AHA Recommendations for
Preparticipation Cardiovascular Screening of
Competitive Athletes
Medical history*
Personal history
1. Exertional chest pain/discomfort
2. Unexplained syncope/near-syncope†
3. Excessive exertional and unexplained dyspnea/fatigue, associated
with exercise
4. Prior recognition of a heart murmur
5. Elevated systemic blood pressure
Family history
6. Premature death (sudden and unexpected, or otherwise) before age
50 years due to heart disease, in ⱖ1 relative
7. Disability from heart disease in a close relative ⬍50 years of age
Downloaded from http://circ.ahajournals.org/ by guest on November 13, 2016

8. Specific knowledge of certain cardiac conditions in family members:
hypertrophic or dilated cardiomyopathy, long-QT syndrome or other
ion channelopathies, Marfan syndrome, or clinically important
arrhythmias
Physical examination
9. Heart murmur‡
10. Femoral pulses to exclude aortic coarctation
11. Physical stigmata of Marfan syndrome
12. Brachial artery blood pressure (sitting position)§
*Parental verification is recommended for high school and middle school
athletes.
†Judged not to be neurocardiogenic (vasovagal); of particular concern when
related to exertion.
‡Auscultation should be performed in both supine and standing positions (or
with Valsalva maneuver), specifically to identify murmurs of dynamic left
ventricular outflow tract obstruction.
§Preferably taken in both arms.37

Medical-Legal Considerations
There currently is no uniform body of law in the United States
that clearly defines the legal duties of sports governing bodies
and educational institutions with regard to the mass preparticipation screening of competitive athletes. Furthermore, no
federal or state statutes in the United States establish the
precise nature and scope of preparticipation cardiovascular
screening in competitive athletes. In contrast to US law,
Italian law both mandates the required scope of cardiovascular screening and holds physicians criminally negligent for
improperly clearing an athlete with an undetected cardiovascular abnormality that ultimately leads to death during
sports.38
Given the absence of specific legal requirements and a lack
of medical expertise sufficient to establish appropriate standards, most college (and professional) sports teams rely on
their respective team physicians to determine appropriate
medical screening procedures. High schools generally rely on
each individual athlete’s personal physician to do so (or on
other physicians who volunteer or are asked to perform
preparticipation medical evaluations of team members). Customary screening practice for both US high school and
college athletes has consisted of personal and family historytaking and physical examination.

Although state laws vary, the law generally requires that
individual physicians use reasonable care in detecting foreseeable medical abnormalities that may cause sudden death or
serious injury to athletes participating in organized competitive sports.39 The law permits the medical profession to
establish the appropriate scope of athlete preparticipation
screening on the basis of its members’ collective medical
judgment. For example, the law recognizes that physicians
are in the best position to evaluate the relevant medical,
economic, and feasibility factors and to develop reliable
strategies and protocols for identifying cardiovascular abnormalities in athletes.
Physicians who provide medical eligibility clearance and
allow participation in competitive sports are not legally liable
per se for an injury or death caused by an undiscovered
cardiovascular abnormality. Malpractice liability for failure
to discover latent, asymptomatic cardiovascular disease requires proof that the physician deviated from customary or
accepted medical practice in his or her specialty while
performing screening and furthermore that proper utilization
of appropriate diagnostic criteria would likely have disclosed
the underlying medical condition before injury or death
occurred.
Medicine and the law have the same objectives of ensuring
that consistent, reliable, and cost-effective clinical procedures
are used to evaluate an individual’s medical fitness to
participate in competitive sports. Similar to the 1996 AHA
screening recommendations,13 the 2007 AHA recommendations are based on a careful analysis of the relevant medical
and economic factors (as well as practical considerations) by
an experienced group of American medical experts (Table).
To date, no litigation in American courts has established
definitive judicial precedent (ie, judge-made case law) with
regard to the legal effect of compliance or noncompliance
with the 1996 AHA screening guidelines. Thus, like the 1996
guidelines, the legal effect of the 2007 AHA screening
guidelines is uncertain and will vary by jurisdiction. In some
states, the guidelines may constitute some evidence of the
medical standard of care for mass screening of athletes. In
other states, compliance with these guidelines may establish a
presumption (ie, rebuttable) that a physician has met the
appropriate legal standard of care. In most states, however,
the legal consequence of failure to comply with AHA
screening guidelines remains unclear.40
Nevertheless, despite uncertain legal effects, it is prudent
for physicians to follow the updated 2007 AHA recommendations when conducting large-scale preparticipation screening of athletes (Table). Courts have recognized that it is
appropriate for physicians to follow current consensus guidelines in determining an athlete’s cardiovascular fitness to
participate in competitive sports, thereby suggesting that
following the guidelines is evidence of good medical practice.41,42 Providing the minimum level of screening recommended by the 2007 AHA guidelines, in most cases, likely
constitutes some evidence of physician compliance with the
medical standard of care and may provide the basis for a
successful defense against alleged malpractice. Conversely,
lack of compliance with these recommendations may result in
medical malpractice liability for an athlete’s death or injury
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caused by a cardiovascular abnormality that probably would
have been discovered if these guidelines had been followed.43
Although the Switzerland-based IOC and the ESC have
advocated that all young competitive athletes be screened
routinely with a 12-lead ECG (in addition to history-taking
and physical examination), the updated 2007 AHA guidelines
do not make this recommendation. No federal or state laws
currently mandate that American physicians adopt the ESC16
and IOC26,27 guidelines. American law permits US medical
organizations and physicians to assess independently the
relevant variables (including the current infeasibility of routinely performing ECGs on populations of asymptomatic US
athletes) and to make their own recommendations about the
appropriate nature and scope of cardiovascular screening.
Thus, a US physician’s decision to follow the updated AHA
recommendations rather than those of the ESC and IOC does
not itself constitute medical malpractice.
Finally, athletes (whether or not minors) have an implicit
duty to use reasonable care to protect their health and safety
as part of the preparticipation screening process. Hence,
athletes are required to be truthful in providing their medical
history, with accurate responses to the historical questions
and any other material information that may be pertinent to
their health.

Clinical Implications of the MedicalLegal Considerations
There have been relatively few lawsuits brought against
physicians that allege negligent preparticipation screening of
athletes, and virtually all of these lawsuits have been settled
before resolution by courts.44 Thus, a comprehensive
medical-legal framework governing preparticipation screening has not yet evolved. Nevertheless, these cases illustrate
the need for physicians to take effective steps to minimize
potential legal liability related to screening.44 Indeed, one
strategy by which physicians can limit liability is to follow
the 2007 AHA recommendations for personal and family
history and physical examination screening. Also, medical
clearance for sports should be completed before an athlete is
allowed to participate in practice sessions; if subspecialty
evaluation is being considered, the athlete should not be
permitted to practice or compete in events until final medical
clearance is given.
In legal terms, it is important to emphasize that the precise
nature and scope of the physician–patient (athlete) relationship during standard preparticipation screening is unresolved.
It is advisable for physicians performing preparticipation
screening to prospectively define the scope of their relationship with the athlete (as a patient), which will clarify
expectations to limit their liability and risk for medical
malpractice. This strategy would require consultation with an
attorney to develop an appropriate document that defines the
scope and limits of the legal relationship between the physician and athlete.
The liability risks associated with sports eligibility clearance by screening are of particular concern among primary
care physicians (eg, family physicians, pediatricians, and
internists), as well as among nonphysician healthcare professionals, who perform screening medical examinations on high
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school athletes. Major considerations include difficulties in
differentiating common innocent heart murmurs from uncommon pathological murmurs, detecting or reliably raising the
clinical suspicion of potentially lethal cardiovascular conditions that may fall beyond their medical expertise, and
discerning which athletes are most deserving of further
expensive diagnostic testing and consultations with
subspecialists.
For the AHA to officially adopt (or even condone) the ESC
screening recommendation for routine ECGs without a reasonable expectation that such a program could be implemented in the near future could have a paradoxic, chilling
effect on US preparticipation screening. Practitioners involved with screening would be potentially compromised by
being unable to comply with the proposed screening strategy
incorporating an ECG. Therefore, it is possible that the
willingness of qualified US physicians to participate in
screening would be reduced if the ESC/IOC recommendations were mandated.
Finally, the panel makes no basic distinction with regard to
customary practice between mass preparticipation screening
in a school environment and evaluations conducted in a
physician’s office setting in only one (or a few) athlete(s). For
example, even in a medical environment in which testing is
more accessible, a physician would not be obligated to
introduce 12-lead ECGs or echocardiograms into the evaluation if not dictated by the findings on history or physical
examination.

Current Customary Practices
High Schools
There are no universally accepted or mandated standards for
the screening of high school (and college) athletes, nor are
there approved certification guidelines for those healthcare
professionals who perform such screening examinations.
Some form of medical clearance by a physician or other
trained healthcare worker, usually consisting of a history and
physical examination, is customary. The responsibility for
obtaining medical clearance usually rests with the individual
high school student-athlete to identify a healthcare provider
for the purpose of obtaining medical clearance for sports. For
high school athletes, standards have been established by the
state legislatures or recommended by the individual state high
school athletic association, local school districts, or, in some
cases, the state Department of Education. The National
Federation of State High Schools has not played a primary
regulatory role in the design, performance, and quality
control of the high school screening process but has preferred
to leave this authority to each individual state association.
In 1997, the level of sophistication present in the US high
school screening process was scrutinized and found to be
lacking.45 Forty percent of the individual states had either no
formal screening requirement or a history and physical
examination questionnaire form from the State High School
Association that was judged to be incomplete and inadequate
(containing zero or ⱕ4 of the 12 AHA-recommended elements) for reliably raising the suspicion of cardiovascular
disease. In a recent preliminary analysis, revisiting this issue
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8 years later in 2005,46 a striking improvement was evident in
the state questionnaire forms for medical clearance. Eightyone percent of the states are now judged to have adequate
questionnaires, with ⱖ9 of 12 AHA-recommended items,
whereas only 2% of the states are clearly inadequate, with ⱕ4
AHA items. Between 1997 and 2005, the mean number of
items on screening forms increased from 6.8⫾7 to 9.7⫾7, an
improvement of 43%. However, the number of states in
which nonphysician examiners are now permitted by legislation to perform athlete screening has increased by 64%.
Eighteen states (35%) permit chiropractors or naturopathic
practitioners to screen athletes.

Colleges
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In contrast to high schools, colleges and universities usually
conduct preparticipation screening within a preexisting infrastructure (with dedicated team physicians, trainers, and oncampus health centers). Traditionally, member institutions of
the NCAA have been independently responsible for their own
preparticipation evaluation process and the design of the
institutional screening history and physical examination.
Approximately 25% of colleges and universities have been
judged to have inadequate screening questionnaires.47
The NCAA has long recommended an evaluation for
student-athletes before athletic participation. Recently, however, the NCAA Committee on Competitive Safeguards and
Medical Aspects of Sports has mandated a preparticipation
evaluation for all collegiate athletes in Divisions I, II, and III
before their first practice or competition. The NCAA also
recommends that these evaluations be performed or supervised by a qualified physician on the basis of the cardiovascular recommendations outlined in the 2005 Preparticipation
Physical Evaluation monograph.25 This document represents
the collaborative effort of the American Academies of Family
Physicians and Pediatrics, the American College of Sports
Medicine, and several other medical societies. It has adopted
10 of the 12 recommended history and physical examination
items promoted by the AHA, omitting only a history of
fatigability and Marfan stigmata on examination.

Professionals
Professional sports represent an environment for preparticipation screening that differs considerably in several important
respects from the customary practice in high schools and
colleges.48 Professional athletes in the 4 major North American sports leagues (National Basketball Association [NBA],
National Football League [NFL], National Hockey League
[NHL], and Major League Baseball [MLB]) and in other
venues represent a relatively small cohort (⬇4000) in comparison with athletes in US high school programs (estimated
5 to 6 million). Second, professional athletes are largely of
adult age (ⱖ21 years) and employed under complex labor
contracts with their teams and player unions, and they are also
compensated for their services. Third, professional teams
possess the financial resources to support more comprehensive screening initiatives with noninvasive testing (eg, with
ECG, echocardiography, and exercise stress testing). Indeed,
a variety of nonstandardized preparticipation screening strategies, which vary considerably in scope48 but often include

diagnostic testing,48 –50 constitute customary practice among
professional sports teams. The NBA has recently mandated
standardized screening with echocardiography and ECGs for
all players on an annual basis (starting with the 2006 to 2007
season). In contrast, although NFL teams generally perform
ECGs, echocardiograms are obtained only if clinically
indicated.

Olympic Games
Since 1996, the US Olympic Committee medical staff has
administered preparticipation history and physical examination in a format similar to that eventually recommended in the
1996 AHA screening guidelines. These examinations are
conducted during athlete processing 4 to 6 weeks before the
Summer and Winter Olympic Games. No US athlete has ever
been disqualified from the Olympic Games because of
cardiovascular disease detected on the preparticipation examination or has died suddenly from heart disease during
Olympic competition. Noninvasive testing is performed only
when warranted by the history and physical examination.

Expectations of Standard Screening Procedures
Preparticipation screening by history and physical examination alone (without noninvasive testing) does not have sufficient sensitivity to guarantee detection of all cardiovascular
abnormalities linked to sudden death in young athletes.
Indeed, customary screening practices in the United States
may be encumbered by substantial false-negative results. The
standard personal history conveys low sensitivity and specificity for detection of many cardiovascular abnormalities
pertinent to young athletes, particularly when symptoms such
as chest pain or lightheadedness are elicited. Congenital
aortic valve stenosis is probably the condition most likely to
be detected reliably during routine screening because of the
characteristically loud systolic heart murmur.
On the other hand, detection of HCM by the standard
screening examination may be unreliable because most such
patients do not have outflow gradients under resting conditions,51 and therefore no or only a soft heart murmur may be
heard. Auscultation performed in the standing position (or
with Valsalva maneuver) may, however, unmask a loud
murmur due to dynamic left ventricular outflow obstruction
(Table). Furthermore, most athletes with HCM do not have a
history of syncope or a family history of premature sudden
death related to HCM that could alert the examiner. In
addition, physical findings do not reliably identify athletes
with congenital coronary anomalies of wrong sinus origin and
ion channelopathies such as long-QT syndrome, and only
selected items in the personal and family history will be
useful in raising suspicion of these diseases. In older athletes
(⬇35 to 40 years of age or older), a history of coronary risk
factors, including a family history of ischemic heart disease,
is useful in identifying at-risk individuals.30

Effectiveness and Limitations of Noninvasive
Screening Tests
Echocardiograms
The addition of noninvasive diagnostic tests to the screening
process clearly has the potential to enhance the detection of
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certain cardiovascular defects in young athletes. For example,
2-dimensional echocardiography is the principal diagnostic
tool for clinical recognition of HCM by virtue of demonstrating otherwise unexplained asymmetrical left ventricular wall
thickening, the sine qua non of the disease.32 Screening large
populations for HCM with genetic testing is highly impractical, given the cost, substantial mutational heterogeneity, and
the anticipated frequency of false-negative test results.52
It is a reasonable expectation that echocardiography can
also detect other relevant abnormalities responsible for sudden death in young athletes, such as aortic stenosis and mitral
valve prolapse, aortic root dilatation associated with Marfan
syndrome or bicuspid aortic valve, dilated cardiomyopathy
and other forms of left ventricular dysfunction, and possibly,
arrhythmogenic right ventricular cardiomyopathy.21 However, even such diagnostic testing does not guarantee the
identification of all clinically relevant abnormalities.
Realistically, some diseases are beyond detection with any
mass screening strategy, even when diagnostic testing is in
expert hands. For example, definitive documentation of
congenital coronary artery anomalies of wrong sinus origin
(most commonly, left main coronary from right sinus of
Valsalva) usually requires sophisticated laboratory examination, ie, coronary arteriography, transesophageal echocardiography, cardiac magnetic resonance imaging, or computed
tomography angiography. However, on occasion, it is possible to identify or raise the suspicion of anomalous left
coronary artery with standard transthoracic echocardiography. Also, many cardiovascular abnormalities must be distinguished from the physiological and benign profile of
athlete’s heart.1,20

Electrocardiogram
European investigators have promoted the 12-lead ECG as a
practical and cost-efficient strategy for population-based
screening. ECGs are abnormal in ⬎90% of patients with
HCM52,53 (and arrhythmogenic right ventricular cardiomyopathy) and can detect ion channelopathies such as long-QT
syndrome and Brugada syndrome. However, the resting ECG
is usually normal in catecholaminergic polymorphic ventricular tachycardia, and exercise testing is required for diagnosis. The ECG has relatively low specificity as a screening test
in athletic populations largely because of the high frequency
of ECG alterations associated with the normal physiological
adaptations of the trained athlete’s heart.
In the United States, screening results have been reported
only in relatively small studies of high school and college
athletes (250 to 2000 subjects) with diverse study designs,54,55
including one using the ECG as a primary screening test.55 In
general, these efforts yielded few important cardiovascular
abnormalities, likely because of the small cohort sizes. In
screening older trained athletes, routine application of exercise testing for the detection of coronary artery disease would
have the limitation of low specificity and pretest probability.
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of competitive athletes, only very limited (and somewhat
outdated) cost-effectiveness data exist to guide recommendations.56,57 On close inspection, the absolute cost would be
enormous for a national preparticipation screening program
carried out in the United States on an annual basis with
routine ECG testing (consistent with the Italian model).
For example, if we assume 10 million high school and
middle school athletes would be eligible for annual screening
with costs (based on Center for Medicare Services–approved
reimbursements) of $25 per each personal and family history
and physical examination and $50 for each ECG, the expense
for the primary evaluations would be $750 million. These
basic costs are ⬇2-fold those estimated for Italy.58 In addition, positive results in history, physical examination, or ECG
could be expected to affect an estimated 15%18,55 of the 10
million screened athletes (1.5 million). This would trigger a
noninvasive cardiac evaluation that would include another
history and physical examination ($100) and 2-dimensional
echocardiogram ($400). This secondary evaluation would add
$750 million (and probably more) to the cost of the program
each year, which would make the minimum annual total $1.5
billion. However, this analysis does not take into account all
the considerable administrative resources and costs necessary
to operate a program of this magnitude, including permanent
staff, compensation to examiners and technicians, and additional testing (in addition to echocardiography) and other
medical expenses in selected athletes suspected of having
cardiovascular disease. We estimate this could add another
$500 million to the overall program cost, for an annual total
of $2.0 billion.
By relying on the known prevalence in the general population for diseases such as HCM, arrhythmogenic right
ventricular cardiomyopathy, and ion channelopathies (conservatively 1:1000), we can assume that ⬇10 000 athletes (of the
10 million) would harbor these unsuspected cardiac diseases
that are ultimately detectable by mass screening with ECG.
Of these 10 000 athletes, ⬇9000 are likely to have an
abnormal ECG pattern that would raise suspicion of cardiac
disease during the screening process.
Given the theoretical cost of a mass cardiovascular screening program of $2 billion per year, the dollar amount attached
to detecting each athlete with the suspected relevant cardiac
diseases would be $330 000. Assuming that ⬇10% of these
9000 athletes with cardiac disease (1800) would harbor
evidence of increased risk for sudden death,59 then the cost of
preventing each theoretical death would be $3.4 million. We
recognize that some may not regard these estimated costs per
athlete as excessive for detecting potentially lethal cardiovascular disease in young people; however, the fundamental
issue defined by these calculations concerns the practicality
and feasibility of establishing a continuous annual national
program for many years at a cost of approximately $2 billion
per year.

Volunteer Efforts
Cost Considerations
Of critical concern in considering any large-scale screening
program is the cost-effectiveness of the recommended strategy. Unfortunately, with regard to cardiovascular screening

Recently, some volunteer and community-based cardiac
screening initiatives have emerged, including programs in
which portable echocardiograms (in addition to a limited
personal and family history) are used to assess high school
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athletes, largely for HCM detection. These nonprofit efforts
are organized under unique circumstances in which echocardiographic equipment is donated and professional services
are volunteered. Despite the benevolent intentions and potential benefit of such initiatives, these screening approaches
may not fall within the scope of the traditional patient–
physician relationship, and thus, they create uncertain areas
of liability. Also, such volunteer public service projects
cannot easily be sustained financially and are very unlikely to
be implemented on a regional or national scale.

European Versus American Perspectives
on Screening
European Recommendations

Downloaded from http://circ.ahajournals.org/ by guest on November 13, 2016

In 2004 –2005, the ESC16 and IOC26,27 presented initiatives
addressing methodology for cardiovascular screening in large
populations of young trained athletes. These proposals advocate combining noninvasive testing (ie, a 12-lead ECG) with
the standard history-taking and physical examination. The
premise of this screening strategy is that the ECG is a
powerful tool in detecting or raising suspicion of many
cardiovascular diseases that cause sudden death in young
athletes. The European proposal is predicated on the unique
25-year Italian experience with a state-subsidized national
program in which all individuals 12 to 35 years of age
participating in organized team or individual sports are
mandated to obtain annual medical clearance by accredited
sports medicine physicians. Clearance is based on history,
physical examination, and ECG.60
The Italian screening program has been successful in
detecting cardiovascular abnormalities, particularly HCM and
other cardiomyopathies, which has led to the disqualification
of many athletes from competitive sports to reduce their risk
of sudden cardiac death.18,19 Recent data suggest that this
screening and disqualification strategy may, in fact, be
life-saving by virtue of reducing cardiovascular events in
athletes. Italian investigators attribute a decline in the sudden
cardiac death rate during sports to their long-standing systematic national preparticipation screening program, which
routinely includes a 12-lead ECG.19 They report a time-trend
analysis showing a substantial decline (almost 90%) in the
annual incidence of sudden cardiovascular death in competitive athletes (largely attributable to reduced deaths from
cardiomyopathies) for the Veneto region of northeastern
Italy.19 This change occurred in parallel with progressive
implementation of nationwide mass screening and the increasing identification of affected athletes, who were then
disqualified from competitive sports.
Fundamental to the European (Italian) program is the
principle that trained athletes represent a unique subset of the
general population who are at higher risk for sudden death
because of their unique lifestyle. Therefore, a priority has
been assigned to the detection of cardiovascular disease in
competitive athletes, which in the process elevates the importance of their potential medical problems beyond those of
other members of society.

The American Perspective
The ESC and IOC model, in which an ECG is systematically
included in the screening process, is a benevolent and
admirable proposal deserving of serious consideration. Indeed, on humanitarian medical grounds, the AHA supports
any public health initiative with the potential to identify
adverse cardiac abnormalities. On the other hand, because the
panel cannot ignore the many epidemiological, social, economic, and other issues that impact this screening proposal, it
must view the European model in realistic terms from a US
perspective. Therefore, for a number of reasons, it is difficult
to consider the European-Italian strategy as potentially applicable to preparticipation screening in the United States.
First, the framework and resources that would permit the
comprehensive screening of all competitive athletes in organized sports on a national basis do not exist presently. De
novo formulation of such a program seems highly unlikely
given the large size of the US population (300 million, or 5
times that of Italy) and the potential athlete cohort to be
screened (estimated to be ⬇10 million, exclusive of youth
sports and masters athletes), as well as the wide geographic
dissemination of the screening population into diverse rural
and urban areas. The United States would also be required to
create a statute (such as in Italy) making compliance with
screening mandatory and to establish disqualification standards that would be generally accepted and binding. These
are daunting tasks given the inevitable conflicting interests.
Finally, the ambiguities involved in the diagnosis of those
cardiovascular diseases responsible for sudden death in
young athletes could themselves create obstacles to the
administration of such a mass screening program.
The financial resources, manpower, and logistics required
for national screening would be enormous and obviously
require substantial subsidization by the federal government.
In addition, such a program could be expected to provoke
strong opposition on the issue of cost-effectiveness. A program of this scale would have to be unusually efficient to
process thousands of athletes in short periods of time and
resolve official medical clearance (including athletes with
borderline findings) before the onset of training for the many
sports and jurisdictions.
In such a large and heterogeneous society as the United
States, it is unlikely that sudden deaths in young athletes,
which are (fortunately) relatively uncommon events, would
achieve sufficiently high priority when competing with a
myriad of other public health issues. Also, it would be
difficult to arbitrarily exclude from a screening program
young people (such as high school students) who could
harbor silent but potentially lethal cardiovascular disease
simply because they made the choice not to engage in
competitive athletics.
Perhaps the primary problem relates to the issue of medical
resources, independent of cost considerations. The reservoiralso of dedicated physician examiners that would be
required for such an ambitious national screening program
(including ECG interpretation) does not, in fact, presently
exist within the already overburdened US healthcare system.
Mass preparticipation screening that presently takes place
relies extensively on primary care physicians (most com-
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monly without board certification in sports medicine) and
nonphysicians with various levels of cardiovascular training
and expertise, many of whom provide their services on a
voluntary or low-cost basis. In contrast, the Italian national
screening program was initially facilitated by an excess of
medical school graduates, which allowed the formulation of a
cadre of accredited sports medicine physicians who were
solely responsible for medical clearance examinations in
competitive athletes.60
The problem of borderline or false-positive test results,
commonly from ECG interpretation, is particularly relevant
in evaluating the feasibility of a national athlete screening
program. In prior screening efforts of varied design, the
percentage of false-positive examinations has ranged from
⬇10% to 25%,18,55 depending on the threshold criteria used to
define an abnormal ECG or a pathological heart murmur.
ECG abnormalities occur frequently in athletes, reportedly in
10% to 40%, depending largely on the level of sports training
and criteria used for distinguishing abnormal patterns.20
When identified on the primary screening examination,
ECG abnormalities often trigger noninvasive diagnostic evaluations with cardiovascular specialists (including echocardiography), which adds considerably to the scope and resources
required for a mass screening program. Certainly, many such
young athletes would be of low socioeconomic status, without independent resources and medical insurance to cover the
Finally, false-positive screening diagnoses would generate
unnecessary life implications, with emotional, financial, and
medical burdens for the athlete, family, team, and institution,
including unnecessary additional tests and procedures, anxiety, uncertainty, and the possibility of disqualification without merit.

Special Issues Related to Race and Gender
Race
Sudden cardiac death in young competitive athletes is a
source of particular concern to the black community. Indeed,
of the athletic field deaths due to HCM in high school and
college student-athletes, ⬎50% occur in blacks.4 This observation contrasts sharply with the distinct underrepresentation
of blacks in clinically identified, hospital-based HCM patient
populations. Although this discrepancy has several possible
explanations, socioeconomic status and biases within the
healthcare system likely limit the access of young blacks to
noninvasive diagnostic tests (eg, echocardiography) necessary for an HCM diagnosis.4

Gender
Sudden cardiac death during sports is uncommon in young
female athletes of any race compared with males, occurring in
a ratio of 1:9.4,6,7 The explanation for this disproportionality
is not entirely clear but may be explained by lower participation rates in sports and potentially may be due to less severe
training demands in some female athletes. Also, women do
not participate in football, a sport commonly associated with
sudden death in men. No evidence indicates that the availability or quality of preparticipation screening differs significantly with regard to gender or race.
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Screening Recommendations
Advisability
The AHA continues to support preparticipation cardiovascular screening for student-athletes and other participants in
organized competitive sports as justifiable, necessary, and
compelling on the basis of ethical, legal, and medical
grounds. Indeed, preparticipation screening for athletes is
viewed as an important public health issue. Noninvasive
testing can enhance the diagnostic power of the standard
history and physical examination. However, the AHA panel
does not believe it to be either prudent or practical to
recommend the routine use of tests such as 12-lead ECG or
echocardiography in the context of mass, universal screening.
This view is based on the substantial size of the athlete cohort
to be screened, the relatively low prevalence of cardiovascular conditions responsible for sports-related deaths, the limited resources presently available for allocation (and other
cost-efficacy considerations), but particularly the absence of a
physician-examiner cadre prepared and available to perform
and interpret these examinations. Notably, the latter does not
currently exist within the US healthcare system, and therefore, the addition of such a screening program to preexisting
resources would impose a significant and unrealistic manpower burden. In addition, significant concern exists that the
widespread application of noninvasive testing to athletic
populations would undoubtedly result in false-positive results
well in excess of the number of true-positives, thereby
creating unnecessary anxiety among substantial numbers of
athletes and their families, as well as the potential for
unjustified exclusion from competition. However, this view
represents a perspective on large-scale national screening
programs and is not intended to actively discourage individual local efforts.
The panel concluded that complete and targeted personal
and family history and physical examination (including brachial artery blood pressure measurement) designed to identify
or raise the suspicion of those cardiovascular diseases known
to cause sudden cardiac death or disease progression in young
athletes represent the most practical screening strategy for
implementation in large populations of young competitive
sports participants in the United States. This medical evaluation should be performed by a qualified examiner and
include the 12 key AHA-recommended elements for personal
and family history-taking and physical examination, as well
as parental verification of the medical history for high school
and middle school student-athletes (Table). Examinations
should be conducted in a physical environment conducive to
optimal auscultation of the heart. Obtaining echocardiograms
and/or ECGs as part of preparticipation screening remains
optional.
Such an approach is an obtainable objective and should be
mandatory for all competitive athletes before their initial
engagement in organized sports. Comprehensive screening
evaluations should be administered again after 2 years for
high school athletes. College student-athletes should be
evaluated with a complete history and physical examination
on matriculation to the institution before they begin training
and competition, and thereafter, an interim history (with
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blood pressure measurement) should be administered in each
of the subsequent 3 years.61 Important changes in medical
status detected during the solicitation of interim annual
histories for college athletes may constitute evidence that
another physical examination and possible further testing
should be performed.
The panel recommends the development of a national
standard for cardiovascular medical evaluations that could be
used in the systematic assessment of all high school and
college-aged student-athletes, although we are cognizant that
this aspiration would require the cooperation and input of
many organizations and interested parties. The official recommendations and requirements of athletic governing bodies
with regard to the nature and scope of preparticipation
medical evaluations are now heterogeneous in design and
content, lacking in standardization, and often inconsistent
among the states (for high school athletes) or colleges and
universities. In many cases, such recommendations cannot be
viewed as medically sufficient. Adherence to uniform guidelines would result in the identification of many more athletes
with cardiac disease and thereby positively impact the health
of student-athletes by enhancing the safety of competitive
sports.
For older competitive athletes (⬇35 to 40 years of age or
older), knowledge of a personal history of coronary artery
disease risk factors and/or familial occurrence of premature
atherosclerotic heart disease is useful in screening for underlying cardiac disease. In addition, it may be useful to
selectively perform medically supervised exercise stress testing in men ⬎40 years of age (women ⬎55 years of age) who
wish to engage in habitual vigorous training and competitive
sports and who have ⱖ2 coronary risk factors (other than age
and gender), or possibly a single risk factor if it is markedly
abnormal. Older athletes should also be specifically cautioned
with regard to the potential significance of prodromal cardiac
symptoms, such as exertional chest pain.
Certain insights offered here with regard to screening
should not promulgate a false sense of security on the part of
medical practitioners or the general public. The standard
history and physical examination implicitly lack the power to
reliably raise the suspicion of (or identify) certain potentially
lethal cardiovascular abnormalities. Indeed, it is unrealistic to
expect that standard large-scale athletic screening examinations can exclude all clinically relevant diseases.

Methodology
Preparticipation sports examinations in young athletes are
presently performed by a variety of individuals, including
physicians (compensated or volunteer) or nonphysician
healthcare workers with varying degrees of training or
experience. Examiners may be associated with or administratively independent of the concerned institutions,
schools, or teams. The panel harbors particular concern
about the current practice of 18 states that have legislated
for chiropractors or naturopathic clinicians to perform
preparticipation high school clearance examinations, despite their lack of formal professional training for such

activities. Consequently, we strongly recommend that
cardiovascular athletic screening with history and physical
examination be performed only by physicians or other
healthcare workers with requisite training, medical skills,
and background to reliably recognize or raise reasonable
suspicion of heart disease. Although it is preferable that
such individuals be licensed physicians, this is not always
feasible, and therefore, it is acceptable for nurse practitioners or physician-assistants formally trained in physical
examination techniques to perform athletic screening evaluations. Nevertheless, the panel recommends the establishment of a standardized certification process for designated
nonphysician examiners to ensure an acceptable level of
expertise in performing screening evaluations in young
athletes.
We recognize that the accuracy of some responses elicited
by history-taking from young sports participants may depend
on a level of personal compliance and their depth of medical
knowledge, and this issue can have a significant impact on the
accuracy of the screening process. Therefore, parents should
be responsible for completing the history form for minors.
Preparticipation screening is, however, only the first opportunity for recognition of cardiovascular disease. When abnormalities are identified (or suspected) on mass screening,
athletes should be referred to a cardiovascular specialist for
further evaluation and confirmation.

Conclusions
A large population preparticipation screening initiative for
US athletes that mandates a 12-lead ECG, such as that
proposed by the ESC and IOC, is probably impractical and
would require considerable resources that do not currently
exist, as well as substantial long-term federal government
subsidization. Although such a complex initiative would have
benefit in terms of detecting greater numbers of athletes with
important heart diseases, it is unlikely that de novo formulation of such a national program could occur because of the
numerous aforementioned obstacles. Paradoxically, such
screening could also be potentially deleterious to many
athletes by virtue of false-positive test results that would lead
to unnecessary further evaluations and testing, anxiety, and
possibly to disqualification without merit. Although the ESC
proposal is innovative and based on a generally favorable
long-term experience in Italy, it cannot easily be translated
into the US medical system and environment. On the other
hand, the panel does not arbitrarily oppose volunteer-based
athlete screening programs with noninvasive testing performed selectively on a smaller scale in local communities if
well designed and prudently implemented.
The devastating impact of even relatively infrequent sudden death events justifies restriction of young athletes from
competition to reduce their risk related to silent and unsuspected cardiac disease. Eligibility and disqualification decisions for future athletic participation in those athletes with
cardiovascular abnormalities, based on the degree of medical
risk associated with exercise, should be made in accordance
with the Bethesda Conference No. 36.15
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T

he “classification of sports” section has been a part of
each iteration of the recommendations for participation in
sports and provides a framework by which athletes with heart
disease can be prescribed or proscribed specific sports for participation.1–3 For the 36th Bethesda Conference, an earlier version of the Figure was constructed that characterized sports by
their strength component, expressed as the relative intensity of
static muscle contractions (percentage of a maximal voluntary
contraction), and their endurance component, reflected by the
relative intensity of dynamic exercise (regular contraction of
large
. muscle groups) or percentage of maximal aerobic power
(Vo 2max ) .3 The rationale for a classification scheme applicable to the competitive athlete with cardiac disease is based
on the well-described hemodynamics of each different type
of exercise (static versus dynamic),3,4 as well as the apparent
cardiac adaptation of athletes who compete in these sports,5
which reflects the chronic load on the cardiovascular system.

The underlying principle is that specific cardiovascular conditions may be more or less susceptible to complications (primarily ischemia, heart failure, or vascular compromise) based
on unique characteristics of each lesion and the load placed on
the heart during athletic competition.
Static contractions stimulate mechanical and metabolic
afferents in skeletal muscle, which leads to large, sustained changes in blood pressure via the exercise pressor
reflex.6–8 The larger the muscle mass involved, the greater
the intensity of contraction, and the greater the rise in blood
pressure9; incorporation of a Valsalva maneuver during
contractions will acutely and transiently increase transmural arterial pressure markedly in blood vessels outside of
the chest, although left ventricular (LV) afterload does not
appear to increase10 because of a balanced rise in intracardiac and intrathoracic pressure inside the chest. Dynamic
exercise increases the demand for blood flow and cardiac
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Figure. Classification of sports. This classification is based on peak static and dynamic components achieved during competition;
however, higher values may be reached during
training. The increasing dynamic component is defined in terms of the estimated
.
percentage of maximal oxygen uptake ( Vo 2max ) achieved and results in an increasing cardiac output. The increasing static component
is related to the estimated percentage of maximal voluntary contraction reached and results in an increasing blood pressure load.
The lowest total cardiovascular demands (cardiac output and blood pressure) are shown in the palest color, with increasing dynamic
load depicted by increasing blue intensity and increasing static load by increasing red intensity. Note the graded transition between
categories, which should be individualized on the basis of player position and style of play. *Danger of bodily collision (see Table for more
detail on collision risk). †Increased risk if syncope occurs. Modified from Mitchell et al3 with permission. Copyright © 2005, Journal of the
American College of Cardiology.

.

output in proportion to the metabolic demand (Vo 2 ): for
every 1 L/min increase in oxygen uptake, there is an obligate requirement for a 5 to 6 L/min increase in cardiac output4,11 as a function of the Fick equation. This increase is
independent of age, sex, or fitness.4,12,13
Both dynamic and static exercise result in an increase in
myocardial oxygen demand: heart rate, wall tension (before
and after the contraction, which determines preload and
afterload), and contractile state of the LV14. During highintensity dynamic exercise, there is a large increase in heart
rate and an increase in stroke volume that is achieved by both
an increase in end-diastolic volume (Frank-Starling mechanism)15 and a decrease in end-systolic volume (increased
contractile state); for athletes, the most important factor
is the increase in end-diastolic volume.16 In high-intensity
static exercise, a smaller increase occurs in heart rate, and
little change occurs in end-diastolic and end-systolic volumes of the LV; however, arterial pressure and contractile
state of the ventricle are increased. Thus, dynamic exercise
primarily causes a volume load on the LV, whereas static
exercise causes a pressure load. Virtually all sports require a
combination of both types of effort, although when both are
high, such as in rowing sports, the rise in blood pressure may

be dramatic,17 and the cardiac adaptation is among the most
prominent of all sports18.

Classification of Sports
On the basis of these considerations, the following matrix
was developed (Figure). This Figure has been modified only
slightly from the initial derivation published in the 36th
Bethesda Conference, mostly to emphasize a more graded
increase in effort/cardiovascular load between categories as
opposed to a hard, discrete distinction.
Each sport is categorized by the level of intensity (low,
medium, high) of dynamic or static exercise generally
required to perform that sport during competition. It also
recognizes those sports that pose a significant risk because
of bodily collision, either because of the probability of hard
impact between competitors or between a competitor and
an object, projectile, or the ground, as well as the degree
of risk to the athlete or others if a sudden syncopal event
occurs. Thus, in terms of their dynamic and static demands,
sports can be classified as IIIC (high static, high dynamic),
IIB (moderate static, moderate dynamic), IA (low static,
low dynamic), and so forth. For example, an athlete with a
cardiovascular abnormality that would preclude a sport that
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produces a high pressure load on the LV may be advised
to avoid sports classified as IIIA, IIIB, and IIIC. It should
be emphasized that in terms of the classification of sports
matrix presented in the Figure, cardiovascular abnormalities
designated as compatible with a high level of intensity in
any particular category also (by definition) permit participation in levels of lesser intensity. For example, if class IC
sports are appropriate (low static/high dynamic), then so are
classes IA and IB (low static/low and moderate dynamic).
Sports in each category are listed in alphabetical order to
make them easier to find.
Although this scheme has been very useful in guiding
practitioners and allowing recommendations for sports participation, there are a number of key limitations that must be
acknowledged to use this approach to guide recommendations
for individual athletes:
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•

•

•

•

•

The scheme as described is simplistic and is only a
rough guide. It must be acknowledged that within each
sport, different position players may have quite different cardiovascular loads, for example, wide receiver
or offensive lineman in American football, goalie versus midfielders or forwards in soccer, 50 m versus 400
m distances in swimming, and short-track versus long
track speed skating. This differential load may even be
manifest at the lowest-intensity sports such as yoga,
which also can be practiced at much higher intensities.
Therefore, practitioners should be prepared to individualize the classification scheme based on individual athletes and how they play their specific sport and position.
Even within individual sports, the cardiovascular load may
be quite different at different times during the competition.
As such, it is recommended that the highest level achieved
during competition be used for exercise prescription, even
if this level is achieved relatively infrequently.
The types and intensities of exercise required for training
may be different from those achieved during a competition. Therefore, cardiovascular loads experienced during
training, including high-intensity interval efforts, and
during a game must be considered.
These guidelines are intended for competitive sports
and their required training regimen but may not apply to
participation in sports at a recreational level. Moreover,
many higher-class activities (such as cycling and running) can be performed by patients with cardiovascular
disease after they have received counseling about intensity restriction and competition avoidance as part of
healthy secondary prevention.
Environmental conditions may alter the cardiovascular
load for a given sport substantially. Increasing altitude
alters oxygen availability and acutely increases the heart
rate and cardiac output for any given absolute work rate.19
In patients with underlying coronary heart disease, it may
also reduce the myocardial workload required to cause
ischemia20 and increase the risk of sudden death,21 although
even short-term acclimatization appears to reduce this risk
significantly.21 Heat is also a substantial stressor; because
humans thermoregulate by sending blood to the skin, a
large extra amount of cardiac output is required to maintain
body temperature,22 and this could increase the dynamic
classification of some sports (especially “hot yoga”). For

patients with limited capability to augment cardiac output,
thermal stress may be particularly problematic.23 The psychological and emotional demands of sports, particularly
during high-stakes competitions, are also relevant and may
increase heart rate substantially and unpredictably.

The Effect of Impact and
Considerations for Anticoagulation
Athletes with cardiovascular disease who are taking anticoagulant drugs (vitamin K antagonists, direct thrombin or
factor Xa inhibitors) must also consider the risk for impact
during practice or competition. An impact that occurs while
taking anticoagulation medication increases the risk of severe
injury, especially for intracranial hemorrhage. Human-human
or human-object impacts occur in many sports. Indeed, there
are some sports in which impact is a key component of the
game, such as American football and ice hockey. Conversely,
there are some sports in which impact is extremely unlikely
to occur, such as golf or track and field. For other sports, the
risk and occurrence of impact are related to the age and competitiveness of the athletes. In these sports, such as basketball
and soccer, the older the person and the more competitive the
play, the more likely these people will undergo impacts. The
Table. Sports According to Risk of Impact and Educational
Background
Junior High School

High School/College

Impact expected

American football
Ice hockey
Lacrosse
Wrestling
Karate/judo
Fencing
Boxing

American football
Soccer
Ice hockey
Lacrosse
Basketball
Wrestling
Karate/judo
Downhill skiing
Squash
Fencing
Boxing

Impact may occur

Soccer
Basketball
Field hockey
Downhill skiing
Equestrian
Squash
Cycling

Field hockey
Equestrian
Cycling
Baseball/softball
Gymnastics
Figure skating

Baseball/softball
Cricket
Golf
Riflery
Gymnastics
Volleyball
Swimming
Track and field
Tennis
Figure skating
Cross-country skiing
Rowing
Sailing
Archery
Weightlifting
Badminton

Cricket
Golf
Riflery
Volleyball
Swimming
Track and field
Tennis
Cross-country skiing
Rowing
Sailing
Archery
Weightlifting
Badminton

Impact not expected
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Table divides sports according to the age of the athlete and the
relative risk for impact.
Intracranial hemorrhage risk is possibly best ascertained
by concussion incidence in sports; however, concussion incidences are certainly an underrepresentation of severe head
injuries. Many head injuries do not result in concussion but
nevertheless could put the person at a higher risk of intracranial bleeds if the person has been undergoing treatment with
an anticoagulant agent. In high school athletes, concussion
incidence is highest in American football (≈23/10 000 exposures), followed by ice hockey, lacrosse, soccer, basketball,
and wrestling.24,25 Concussion risk is much higher in competition than in practice, with most concussions occurring as
a result of player-player contact (70% of the concussions)
or player-surface contact (17%).24,25 Severe injuries not limited to head injury (defined as injuries that resulted in >21

lost days of sports participation) show a similar frequency
distribution, with American football being most common
(≈20/10 000 exposures).26

Recommendations
1. 
The risk of bleeding with athletes receiving vitamin K antagonists or direct thrombin or factor
Xa inhibitors is increased in sports in which impacts
may occur, and athletes should be cautioned to avoid
these sports (Class IIb; Level of Evidence C).
2. 
Athletes taking vitamin K antagonists or direct
thrombin or factor Xa inhibitors should not participate in sports with impact expected, because the risk
of intracranial hemorrhage is increased (Class III;
Level of Evidence C).
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T

he central purpose of preparticipation screening of
trained competitive athletes is to identify or raise suspicion of those cardiovascular abnormalities and diseases that
are potentially responsible for sudden unexpected death on
the athletic field.1–14 When such athletes are recognized, they
are exposed to eligibility and disqualification decisions that
become the responsibility of the practicing physician4,15–17
and are a subject of this document. There is general (although
not universal)12 agreement with the principle that screening
to detect important diseases and potentially prevent sudden
death is justified and potentially beneficial.1–3,5–9,18
There are many pathways and strategies by which competitive athletes with cardiovascular disease may be recognized: (1) comprehensive evaluation by a primary care
physician; (2) systematic screening of families with known
genetic diseases after diagnosis in a relative; (3) incidental

and fortuitous findings on clinical examination or imaging,
detected during evaluation for another medical problem; (4)
systematic screening of large populations, such as high school
and college-aged athletes, for the purpose of determining eligibility for competitive sports, with or without diagnostic testing; and (5) symptoms associated or unassociated with sports.
It is likely that a large number (or even most) athletes with
cardiovascular disease come to clinical attention based on the
circumstances described in items 1 through 3, rather than with
formal preparticipation screening.

General Considerations
Currently, broad-based cardiovascular screening is practiced
systematically in athletes at all levels of performance (not confined to the elite) in only 3 countries: in the United States, with
personal/family history and physical examination (but without
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ECGs),1–3,19,20 and in both Italy4–6,9 and Israel,7 with 12-lead
ECGs in addition to history and physical examination. In
many European countries, screening of athletes is largely limited to those performing at the elite level (eg, in international,
Olympic, or professional sports).21 The potential benefit of such
initiatives is the identification of a small number of people with
potentially lethal genetic or congenital cardiovascular diseases
(eg, hypertrophic cardiomyopathy) so that (1) they may be
withdrawn from competitive sports to decrease their personal
risk and generally make the athletic field a safer environment,
and (2) in the process, some high-risk people may be recognized who may be candidates for disease-modifying medical
or surgical intervention, or for prevention of sudden death with
implantable defibrillators. In 1973, the Japanese School Health
Law mandated cardiovascular screening with modified ECG
and history/physical examination for thousands of children in
the first, seventh, and tenth grades.22,23 Few disease-related data
have emerged from this initiative, although a variety of generally minor cardiovascular abnormalities or arrhythmias (unassociated with underlying organic heart disease) were identified
in only 2% to 3% of children.23

Debate and Controversy
Within the context of these potential benefits, there has nevertheless been substantial discussion surrounding the most appropriate and efficacious strategy for screening, including national
federally sponsored and mandated cardiovascular screening.
For example, Italian investigators have intensely promoted
screening with a routine 12-lead ECG (as well as history and
physical examination) based on a unique >30-year program
mandated by Italian law and supported by sports medicine
physicians dedicated full-time to the program.4–6,9 Since 1997,
Israel has maintained a similar mandatory ECG-based initiative
and national sports law.7 For >50 years, it has been customary
practice in the United States to routinely screen high school and
college-aged athletes with history and physical examination
(but without noninvasive testing).1–3,19,20 In contrast, Denmark
has pointedly rejected systematic screening for cardiovascular
disease in both athletes and any other segment of the population as being unjustified given the low event rate.12,13 Other than
Japan,22,23 no country has systematically attempted broad-based
cardiovascular screening in general healthy populations (not
limited to athletes), with or without ECGs.

Universal Screening: ECGs Versus
History and Physical Examination
Preparticipation screening for cardiovascular disease with personal/family history and physical examination has been the
customary practice for all high school and college-aged competitive athletes in the United States for decades, independent of
their performance level. This process is guided by the 14-point
history and physical examination elements proposed by the
American Heart Association (AHA).1 The AHA recommendations acknowledge that athletes and others with underlying (but
undiagnosed) cardiovascular abnormalities may well manifest
clinical warning signs (eg, chest pain, excessive exertional dyspnea, or syncope) identifiable by careful and systematic history. Because most diseases responsible for sudden death in the
young are genetic/familial, a thorough family history may raise

suspicion of the disorder. An organic heart murmur can alert the
examining physician to valvular or other abnormalities, including left ventricular outflow tract obstruction.
A controversy persists as to whether an ECG (in addition
to history and physical examination) is a superior strategy to
history/physical examination alone for detecting potentially
lethal cardiovascular disease, particularly when taking into
account the important issues of false-negative and false-positive results, as well as cost and resource availability.1 Indeed,
studies comparing these 2 strategies have failed to demonstrate a mortality benefit for ECG screening.18
The debate between those who strongly promote routine
ECGs and those opposed to ECGs as a routine screening tool
is not fully resolved as yet, although a substantial literature
consisting largely of editorials and viewpoint commentaries
is accumulating rapidly. Nevertheless, several points are indisputable. First, the 12-lead ECG, although a mainstay of hospital-based cardiovascular practice for decades, is an unproven
diagnostic tool for reliable detection of cardiovascular disease
in generally healthy populations.1 Second, outcome data on athlete screening and mortality have been driven primarily by only
1 database, from the Veneto region of Italy (9% of the national
population) as part of its long-term screening program.6,9 This
ambitious Italian initiative has been shown to be successful in
identifying some at-risk athletes with potentially lethal cardiovascular disease (primarily right ventricular cardiomyopathy,
which appears to be endemic in this area of Italy), resulting in
their mandatory withdrawal from sports. In addition, a sharp
decrease in mortality rate over a 30-year period was demonstrated, which these investigators attributed to incorporation of
the 12-lead ECG into the screening program in the early 1980s.
Third, the Italian data showing that ECG screening reduces
mortality in athletes have yet to be replicated elsewhere, and
evidence from the United States18 and Israel7 appears to dispute or diminish the value of the ECG in reducing athlete
mortality. For example, contemporary mortality rates in US
athletes from Minnesota, where screening is limited to history and physical examination, do not differ from those in the
Veneto region of Italy, where the ECG is used routinely18; furthermore, athlete mortality rates in Israel were not different
before and after legislation for mandatory ECGs.7 The fact that
it has been difficult to consistently show a reduction in athlete
mortality directly attributable to routine ECGs is an observation that may be driven by the generally low event rates in
competitive athletes with cardiovascular disease.1–3,6,10,11,18,24-26

Relevance of Sudden Death
Incidence to Screening
Indeed, the low frequency with which sudden deaths occur in
the competitive athlete population negatively impacts the justification for broad-based screening in large populations of young
people, as well as the weight that can be afforded to this issue as
a public health problem. In this regard, there is now overwhelming evidence that these events are relatively uncommon, albeit
exceedingly tragic in each case. Most data place these cardiovascular sudden deaths in the range of approximately 1 in 80 000
to 1 in 200 000 participants per year, much less common in relative terms than motor vehicle accidents (by 5000-fold), suicide,
drugs, homicide, or cancer in the same age group and similar
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in frequency to that of fatal lightning strikes.1,11,25 In a college
(National Collegiate Athletic Association) athlete population,
drugs and suicide combined accounted for a similar number of
deaths as confirmed cardiac disease,24 although a non–forensicbased analysis reported a higher incidence for sudden death.27
Notably, the absolute number of sudden deaths attributable to
documented cardiovascular disease in competitive athletes is small
in populations for which forensic data are reported. For example,
the 33-year US Sudden Death in Athletes Registry has reported
a maximum of 75 such deaths in any given year nationally,10 and
the Veneto database reports 55 sudden deaths in 26 years, or only
≈2 per year.6 In other populations, the average number of confirmed cardiovascular deaths annually is much less, for instance,
<1 in Minnesota high school athletes11 or ≈4 in college (National
Collegiate Athletic Association) athletes.24 Notably, false-negative
screening results are a major concern, in which the system fails
to identify the cardiac diseases for which it is in fact established.
Indeed, a substantial proportion of athletes (≈30%–40%) may die
suddenly of cardiovascular abnormalities that would not necessarily be reliably detected by screening even with ECGs.1,11,24,25

Universal ECG Screening
On 3 occasions (1996, 2007, and 2014), AHA consensus expert
panels evaluated and decided not to support mandatory national
athlete screening in the United States, particularly with routine
use of ECGs.1–3 Indeed, sudden cardiovascular deaths in athletes are rare (albeit tragic) events, insufficient in number to be
judged as a major public health problem or to justify a change in
national healthcare policy. The most frequently cited obstacles
to mandatory national screening of trained athletes are as follows: (1) the large number of athletes to be screened nationally
on an annual basis (ie, ≈10–12 million); (2) the low incidence of
events1,8,10,11,18,24–26; (3) the substantial number of expected falsenegative and false-positive results, in the range of 5% to 20%
depending on the specific ECG criteria used1–3,28–32; (4) cost-efficacy considerations, that is, the extensive resources and expenses
required versus few events in absolute numbers; (5) liability issues
that unavoidably impact physicians with the sole responsibility to
disqualify athletes from competition and enforce that decision;
(6) the lack of resources or physicians dedicated to performing
examinations and interpreting ECGs, in contrast to the longstanding sports medicine program in Italy4–6,9; (7) the influence
of observer variability, technical considerations, and the impact
of ethnicity/race on the interpretation of ECGs, which is particularly important for multicultural athlete populations such as in
the United States; (8) the need for repetitive (ie, annual) ECG
screening during adolescence, given the possibility of developing
phenotypic evidence of cardiomyopathies during this time period
or later33; (9) the logistical challenges and costs related to second-tier confirmatory screening with imaging and other testing,
should primary evaluations raise the suspicion of cardiac disease;
and (10) recognition that even with testing, screening cannot be
expected to identify all athletes with important cardiovascular
abnormalities, and a significant false-negative rate may occur.34

Nonuniversal Screening for Athletes
Screening programs on a smaller, nonnational basis have
been implemented in some high schools, colleges, and local

communities that use ECGs (or echocardiograms) with varying expertise, quality control, and results for identifying
important cardiac disease. Consistently, the AHA has not
opposed ECG-based screening initiatives (often performed
by volunteers) in smaller venues; however, for such screening
initiatives, the AHA has prudently advised adequate quality
control with due consideration for the prominent limitations
of the process (including false-negative and false-positive
test results), so that the risks and benefits can be understood
and are acceptable to all participants, communities, and
organizations.1–3
There are certain known and anticipated limitations in the
use of ECGs in population screening, including but not limited to false-positive and false-negative test results, technical
and interpretation issues, “gray zone” ambiguous diagnoses,
and cost and logistics involved in arranging second-tier diagnostic testing, all of which promote anxiety, uncertainty, and
legal considerations.1,12,25,34

Screening and Race
Sudden deaths attributable to cardiovascular disease have
been reported in athletes of both sexes and a variety of races,
although they are much less common in females (by 1:9).10,14
Preparticipation screening is warranted with the same frequency and criteria, independent of sex and across racial
lines. In particular, although hypertrophic cardiomyopathy
unrecognized during life is a frequent cause of sudden death
in African-Americans on the athletic field and a major impetus for screening in the black community,1,14,35 there is no evidence to justify different or separate screening strategies based
on race. However, it is becoming increasingly apparent that
ethnic/racial differences in ECG patterns may significantly
impact the definition of normality30,36–39 and therefore potentially the outcome of the screening process for minorities.

Ethical Considerations: Who
Should Be Screened?
Unfortunately, often overlooked in the ECG screening debate
is the potentially troublesome ethical dilemma created by
confining (or proposing to limit) screening for potentially
lethal diseases to those who choose engagement in competitive sports, while in the process excluding those who are not
athletes. The degree to which people engaged in competitive
athletics are at greater risk (given unsuspected underlying
heart disease) is not completely resolved. It is likely that the
absolute number of sudden deaths is highest in nonathletes
because that segment of the population is much larger in size.
The AHA maintains the position1 that theoretically there is no
compelling reason to confine screening for cardiovascular disease to young competitive athletes, and exclude non-athletes.

Recommendations
The guidelines presented here are those of the AHA/American
College of Cardiology 2014 initiative.1
1. It is recommended that the AHA’s 14-point screening guidelines and those of other societies, such as the
American Academy of Pediatrics’ Preparticipation
Physical Evaluation, be used by examiners as part of
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a comprehensive history taking and physical examination to detect or raise suspicion of genetic/congenital cardiovascular abnormalities (Class I; Level of
Evidence C).
2. It is recommended that standardization of the questionnaire forms used as guides for examiners of high
school and college athletes in the United States be
pursued (Class I; Level of Evidence C).
3. Screening with 12-lead ECGs (or echocardiograms)
in association with comprehensive history-taking
and physical examination to identify or raise suspicion of genetic/congenital and other cardiovascular
abnormalities may be considered in relatively small
cohorts of young healthy people 12 to 25 years of age,
not necessarily limited to competitive athletes (eg, in
high schools, colleges/universities or local communities). Close physician involvement and sufficient
quality control is mandatory. If undertaken, such initiatives should recognize the known and anticipated

limitations of the 12-lead ECG as a population
screening test, including the expected frequency of
false-positive and false-negative test results, as well
as the cost required to support these initiatives over
time (Class IIb; Level of Evidence C).
4. Mandatory and universal mass screening with
12-lead ECGs in large general populations of young
healthy people 12 to 25 years of age (including on
a national basis in the United States) to identify
genetic/congenital and other cardiovascular abnormalities is not recommended for athletes and nonathletes alike (Class III, no evidence of benefit; Level
of Evidence C).
5. Consideration for large-scale, general population,
and universal cardiovascular screening in the age
group 12 to 25 years with history taking and physical
examination alone is not recommended (including on
a national basis in the United States) (Class III, no
evidence of benefit; Level of Evidence C).
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H

ypertrophic cardiomyopathy (HCM)1,2 is a major focus of
this document given that it is the single most common cause
of sudden death in young competitive athletes in the United
States, responsible for at least one-third of these events.3

Although HCM is associated with substantial diversity in morphological expression,6 clinical diagnosis usually occurs with
recognition of the characteristic disease phenotype, that is,
left ventricular (LV) hypertrophy without chamber dilatation
in the absence of another cardiac or systemic disease capable
of producing the magnitude of hypertrophy evident.1,6 Neither
systolic anterior motion of the mitral valve, hyperdynamic LV
function, or identification of pathogenic sarcomere mutations
is obligatory for the clinical diagnosis of HCM.2 Atrial fibrillation is a common cause of morbidity in HCM, occurring in
≈20% of patients, although usually after 30 years of age.1,2
Notably, the clinical presentation and course are diverse, with
unexpected sudden death in the young the most visible disease
complication.

Hypertrophic Cardiomyopathy
HCM is the most frequent nontraumatic cause of sudden death
in the young1,2 and a common genetic heart disease, occurring
in at least 1 in 500 people in the general population.4 HCM is
a clinically and genetically heterogenous disease, associated
with >1500 mutations in ≥11 major genes (and a variety of
other susceptibility genes with lesser evidence for pathogenicity), encoding proteins of the cardiac sarcomere, adjacent Z
disk, and calcium handling.5
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A major impetus in HCM has been the identification of those
patients at increased risk for sudden death. Indeed, a riskstratification algorithm has been largely effective in identifying those people at highest risk who are eligible for primary
prevention of sudden death with an implantable cardioverterdefibrillator (ICD),7–10 thereby markedly reducing HCMrelated mortality to 0.5% per year.7 Sudden death events are
attributable to potentially lethal ventricular tachyarrhythmias
(ventricular tachycardia/ventricular fibrillation) and usually
occur in the presence of ≥1 the major risk markers (appropriate ICD interventions of 4% per year in patients implanted for
primary prevention).7–10 Some HCM patients may nevertheless die suddenly in the absence of all conventional risk factors (0.6% per year in non-ICD populations).7
Indeed, in the presence of underlying (and often unsuspected) HCM, participation in high-intensity competitive
sports may itself promote ventricular tachycardia/ventricular
fibrillation and act as a potent (yet modifiable) independent
risk factor, even in the absence of conventional risk markers
intrinsic to the disease process.3,7,11,12 Notably, the underlying
electrophysiological substrate in HCM is unpredictable1,2,7–10
and potentially subject to instability by interaction with physiological stresses inherent in athletic training and competition,
including alternations in hydration, blood volume, and electrolytes, as well as the catecholamine surge.
Given these principles, it is difficult to apply conventional risk-stratification strategies to make reliable eligibility decisions specifically for aspiring competitive athletes
with HCM. The estimation of risk level based on phenotypic
expression (eg, specific LV wall thickness or LV outflow tract
gradient) or other aspects of the clinical profile is a highly
problematic endeavor. Such considerations are influenced by
the morphological diversity of HCM and the unpredictable
instability of the myocardial substrate, as well as the additive risk created by intense training and competition in susceptible patients with HCM.3 Therefore, in HCM, the most
common cause of sudden death in young athletes,1–3 engagement in intense competitive sports is itself an acknowledged
modifiable risk factor.1–3
These observations necessitate conservative and prudent
recommendations regarding sports eligibility applied in a
homogeneous fashion across the broad HCM disease spectrum. This may unavoidably result in recommendations for
disqualification in some athletes with HCM probably at low
risk and unlikely to ever experience sudden death, who could
potentially compete and train safely. Notably, the present disqualification/eligibility guidelines for competitive athletes
with HCM do not differ measurably from those previously
stated in the 36th Bethesda Conference,11 because alternative
new data or insights have not emerged sufficient to substantially alter the recommendations.
On the other hand, the present American Heart Association/
American College of Cardiology recommendations do not
strictly exclude in absolute terms fully informed athletes from
participating in competitive athletic programs as long as such
a decision is ultimately made in concert with their physician and third-party interests (eg, high schools and colleges).
Although this expert consensus report serves as a prudent

guideline regarding sports eligibility or disqualification, there
will always be tolerance in the system for some degree of flexibility, individual responsibility, and choice in making these
decisions for individual student athlete-patients.

Genotype Positive–Phenotype Negative
An increasing number of HCM family members are recognized with documented pathogenic (disease-causing) sarcomere mutations, but in the absence of a clinical HCM
phenotype (ie, LV hypertrophy).5,13 Such patients have been
identified at a broad range of ages, although they are most
commonly adolescents and young adults, and some wish to
engage in competitive sports.
Spontaneous conversion to LV hypertrophy in this subset
appears to occur most often in adolescence between 12 and
20 years of age1,13 but has also been observed in midlife and
beyond.14,15 Nevertheless, such changes are unpredictable, and
some genetically affected people will probably never develop
the HCM phenotype. Spontaneous morphological conversions
are not usually accompanied by cardiac symptoms, disease
progression, or events.1,2,13–15 However, once LV hypertrophy
evolves, that person may theoretically be subject to an unstable HCM electrophysiological substrate.
With negative or ambiguous genetic test results, potentially
affected relatives can nevertheless be suspected clinically by the
presence of several echocardiographic or cardiovascular magnetic
resonance (CMR) findings in the nonhypertrophied myocardium,
that is, blood-filled crypts, elongated mitral valve leaflets, diastolic dysfunction, and myocardial scarring.5,16–19 At present, the
risk for sudden death in gene-positive–phenotype-negative family members appears to be extremely low and likely no different
from the risk in the general population of the same age without
heart disease.5,20 CMR imaging is also an important consideration in family members who are gene positive and judged to be
phenotype negative based on echocardiography, because areas of
segmental LV hypertrophy may be detected only by CMR, particularly in the anterolateral free wall and apex.6,21

Recommendations
1. 
Participation in competitive athletics for asymptomatic, genotype-positive HCM patients without
evidence of LV hypertrophy by 2-dimensional echocardiography and CMR is reasonable, particularly
in the absence of a family history of HCM-related
sudden death (Class IIa; Level of Evidence C).
2. Athletes with a probable or unequivocal clinical expression and diagnosis of HCM (ie, with the disease phenotype of LV hypertrophy) should not participate in most
competitive sports, with the exception of those of low
intensity (class IA sports) (see “Classification of Sport” 22).
This recommendation is independent of age, sex, magnitude of LV hypertrophy, particular sarcomere mutation, presence or absence of LV outflow obstruction (at
rest or with physiological exercise), absence of prior
cardiac symptoms, presence or absence of late gadolinium enhancement (fibrosis) on CMR, and whether
major interventions such as surgical myectomy or
alcohol ablation have been performed previously
(Class III; Level of Evidence C).

Maron et al   Competitive Athletes: Hypertrophic Cardiomyopathy, ARVC, and Myocarditis   e275
3. Pharmacological agents (eg, β-blockers) to control
cardiac-related symptoms or ventricular tachyarrhythmias should not be administered for the sole
purpose of permitting participation in high-intensity
sports. Notably, such drugs may also be inconsistent
with maximal physical performance in most sports
(Class III; Level of Evidence C).
4. Prophylactic ICDs should not be placed in athletepatients with HCM for the sole or primary purpose
of permitting participation in high-intensity sports
competition because of the possibility of device-related
complications. ICD indications for competitive athletes
with HCM should not differ from those in nonathlete
patients with HCM (Class III; Level of Evidence B).
Other recommendations for sports participation in patients
with HCM and ICDs can be found in the Task Force 9 report
on “Arrhythmias and Conduction Defects.”23
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LV Noncompaction
LV noncompaction (LVNC) is an uncommon and recently recognized cardiac disease with sporadic or familial occurrence.24
Its true incidence and prevalence are not known, in part because
of difficulty in making the diagnosis and lack of agreement
on criteria, as well as its heterogeneous clinical spectrum and
usual requirement of CMR for reliable diagnosis. Furthermore,
its clinical presentation and implications differ with respect to
genetic pathogenesis, race/ethnic origin, presence in isolation or
in association with other diseases, or depending on the presence
or absence of right ventricular involvement.25
The natural history of LVNC remains incompletely resolved
because of its relatively recent recognition with a short available follow-up period.26–34 The clinical expression of LVNC is
variable, even within families: with or without symptoms, heart
failure, atrial and ventricular arrhythmias or preexcitatory pathways, thromboembolic events, or sudden death.35 While LVNC
patients with heart failure and systolic dysfunction, thromboembolic events, and sudden cardiac death have been reported,26,31,33,34
many uncomplicated cases are less likely to be recognized or
appear in the literature.34 Risk for adverse consequences, including mortality, presently appear to be largely associated with
LV systolic dysfunction or ventricular tachyarrhythmias.34
Few competitive athletes with LVNC have been reported
clinically, and therefore, the consequences of LVNC in this
specific population are unknown. Furthermore, to date, forensic registries of sudden deaths in young athletes do not include
LVNC as a cause,3 although the diagnosis may still be widely
underappreciated in the routine medical examiner autopsy setting. Therefore, given the lack of long-term follow-up studies and other obstacles, it is not yet possible to reliably apply
risk-stratification strategies to new patients (or athletes) with
LVNC. This is not unlike the situation with other uncommon
myocardial diseases for which few data concerning sudden
death risk during competitive sports are available (eg, dilated
cardiomyopathy [DCM] or infiltrative diseases). Therefore,
the complete natural history of noncompacted ventricular
myocardium remains unresolved.
A variety of inheritance patterns have been reported (ie,
autosomal dominant, autosomal recessive, and X-linked).24,27
Mutations in genes encoding sarcomeric proteins, which

previously have been implicated in the pathogenesis of HCM
and DCM, have also been identified in patients with isolated
LVNC.24,27 These observations suggest that LVNC shares
genetic overlap with other cardiomyopathies, and indeed,
some individual patients have been reported with morphological features consistent with both HCM and LVNC.32
LVNC is thought to be caused by the intrauterine arrest of
the compaction process of the primordial embryonic myocardium. Diagnosis is considered in the presence of a 2-layered
LV chamber that consists of noncompacted trabeculations with
intertrabecular recesses layered on top of the typical compacted
myocardium, with or without systolic dysfunction. The trabeculated layer is predominantly confined to the distal and mid portions of the LV chamber, sparing the base. Currently, there are no
universally accepted criteria or guidelines for the morphological
diagnosis of LVNC, although a ratio of noncompacted to compacted myocardium >2.1:1 at end systole (echocardiography)
or >2.3:1 in end diastole (CMR) have been proposed.30,32,36 It is
uncertain how athletic training may alter those definitions28,29 or
the frequency of LVNC-appearing morphology in a normal athlete population. CMR is generally superior to echocardiography
for identification of regions of noncompacted myocardium and
for more definitive diagnosis of LVNC.

Recommendations
1. Until more clinical information is available, participation in competitive sports may be considered for
asymptomatic patients with a diagnosis of LVNC and
normal systolic function, without important ventricular tachyarrhythmias on ambulatory monitoring or
exercise testing, and specifically with no prior history
of unexplained syncope (Class IIb; Level of Evidence C).
2. Athletes with an unequivocal diagnosis of LVNC and
impaired systolic function or important atrial or ventricular tachyarrhythmias on ambulatory monitoring or exercise testing (or with a history of syncope)
should not participate in competitive sports, with the
possible exception of low-intensity class 1A sports,
at least until more clinical information is available
(Class III; Level of Evidence C).

Other Myocardial Diseases
A number of other uncommon diseases of the myocardium
deserve consideration as potential causes of sudden death in
athletes. These include DCM (attributable to a variety of causes,
including genetic), primary nonhypertrophied restrictive cardiomyopathy, and systemic infiltrative diseases with secondary
cardiac involvement, such as sarcoidosis. Few data are available
at present regarding the relative risks of athletic training and
competition in athletes with these myocardial diseases.
It is important to differentiate physiological LV enlargement caused by systematic training from pathological DCM.
Long-term aerobic athletic training can lead to cardiac morphological changes, including increased LV cavity dimension and calculated mass. Increased cavity size can produce
a higher stroke volume, and thus, the ejection fraction at rest
may be in the low-normal to mildly reduced range. Up to 15%
of trained athletes will have substantial enlargement of the LV
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cavity, with end-diastolic dimensions up to 70 mm in men and
66 mm in women.37,38 Ejection fraction in trained athletes has
been shown to be as low as 45%.37 Whether newer imaging
techniques such as myocardial Doppler tissue imaging, strain
imaging, or contrast-CMR scanning can differentiate patients
with borderline LV enlargement and low-normal or mildly
reduced ejection fraction from DCM is unresolved.
It is unclear whether asymptomatic patients with DCM are
at risk for sudden death during competitive athletics, because
ventricular tachyarrhythmias are most common in patients
with more advanced disease, that is, with cardiac symptoms
and lower ejection fraction.

Recommendations
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1. Symptomatic athletes with DCM, primary nonhypertrophied restrictive cardiomyopathy, and infiltrative cardiac myopathies should not participate in
most competitive sports, with the possible exception
of low-intensity (class 1A sports) in selected cases, at
least until more information is available (Class III;
Level of Evidence C).

Myocarditis
General Considerations
Myocarditis commonly presents with disproportionate dyspnea
on exertion, chest pain, and arrhythmias. It can also present
as an acute myocardial infarction–like syndrome with sudden
death in the presence of normal epicardial coronary arteries.39–44
The contribution of myocarditis to cardiovascular sudden death
varies significantly with age, causing cardiovascular sudden
death in ≈2% of infants, 5% of children, and 4% to 7.5% of athletes.3,40 Higher rates of myocarditis are occasionally reported in
postmortem studies from general populations younger than 35
to 40 years of age.41 Most cardiovascular sudden deaths attributable to myocarditis occur in males,42 and in some cases, myocarditis results in sudden death without antecedent symptoms or
macroscopic cardiac abnormalities.40,42,43
The data linking myocarditis to sudden death are strong and
include autopsy studies and experimental myocarditis models.
For example, strenuous physical exertion was associated with
sudden death in a cohort of US military recruits, with the most
frequent underlying cause being myocarditis.44 Case series of
sudden death in athletes have established myocarditis as a significant risk in this specific group.3 In a murine model of coxsackie B3 myocarditis, 60 minutes of swimming daily increased
viral titers, worsened cardiomyopathy, and increased the likelihood of death.45 In a chronic autoimmune myocarditis model,
humeral and cellular immunity directed against heart tissues
increased with treadmill exercise.46 Unlike heart failure, the risk
of sudden death caused by myocarditis does not appear to correlate with the severity of myocardial inflammation.40 Sudden
death has been observed occasionally after myopericarditis in
association with normal LV function.47–49
The pathogenesis of myocarditis consists of 3 overlapping
phases: acute injury, often caused by a virus; the host innate
and acquired immunologic response; and finally, recovery or a
transition to scar and DCM. There is rarely a clear distinction
between these phases clinically. The initial injury may cause an

acute DCM with contractile impairment mediated by cytokines
generated by the local inflammatory process. Several months
later, the same dilated ventricle may have poor contractility
caused by diffuse scar, with little or no inflammation. The transition from acute myocarditis to chronic DCM probably occurs
over months, with substantial individual variability.50
In clinical practice, myocarditis is often suspected but
infrequently confirmed by endomyocardial biopsy, which creates a need for noninvasive diagnostic criteria to guide recommendations for athletic participation. For the purposes of this
document, probable acute myocarditis is diagnosed when both
of the following criteria are met:
1. A clinical syndrome that includes acute heart failure,
angina-type chest pain, or myopericarditis of <3 months’
duration.
2. An otherwise unexplained elevation in serum troponin;
electrocardiographic features of cardiac ischemia; otherwise unexplained high-degree AV block or arrhythmias;
wall motion abnormalities; pericardial effusion on echocardiography or CMR imaging. Additional CMR findings that suggest myocarditis in the acute clinical setting
include characteristic alterations in tissue signal on T2- or
T1-weighted images and the presence of late gadolinium
enhancement (LGE).
CMR features that may be used to diagnose probable myocarditis include a regional increase in water content visible on
T2-weighted images, an increase in regional contrast-enhanced
T1-weighted epicardial or midmyocardial signal obtained
within a few minutes of the gadolinium bolus (“hyperemia” or
“early-enhancement” sequences), and epicardial or midmyocardial LGE.51 A regional and reversible increase in wall thickness
that indicates myocardial edema is a supportive finding of acute
myocarditis. Myocardial fibrosis, the late sequelae of myocarditis characteristic of DCM, may be indistinguishable from active
myocarditis on LGE sequences. The sensitivity of CMR for
myocarditis also decreases a few weeks after the initial illness.51
Although acute myocarditis is associated with the characteristic findings of myocardial injury described in the diagnostic
criteria above, there is no sensitive or specific test that can determine when the inflammatory process ends. DCM associated with
acute myocarditis often resolves over 6 to 12 months. Athletes
in whom the findings of acute inflammation have resolved may
still have a risk of arrhythmias related to the resultant myocardial scar. The presence of LGE may convey a heightened risk
for arrhythmias.52 The interval between initial assessment and
retesting before resumption of sports will vary depending on the
severity of the initial illness. A reasonable minimum interval for
retesting based on experimental models is 3 to 6 months. The
recommendations presented here recognize these gaps in knowledge and the need for additional clinical research to refine risk
stratification for sudden death after acute myocarditis.
A diagnosis of myocarditis by biopsy is usually not
required to guide clinical management, but a biopsy may
be considered in select cases according to current professional society recommendations from the American Heart
Association, American College of Cardiology, and European
Society of Cardiology.53 Confirmation of myocarditis by
endomyocardial biopsy creates a definitive diagnosis.
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Recommendations
1. Before returning to competitive sports, athletes who
initially present with an acute clinical syndrome
consistent with myocarditis should undergo a resting
echocardiogram, 24-hour Holter monitoring, and an
exercise ECG no less than 3 to 6 months after the
initial illness (Class I; Level of Evidence C).
2. It is reasonable that athletes resume training and
competition if all of the following criteria are met
(Class IIa; Level of Evidence C):
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a. Ventricular systolic function has returned to the
normal range.
b. Serum markers of myocardial injury, inflammation, and heart failure have normalized.
c. Clinically relevant arrhythmias such as frequent
or complex repetitive forms of ventricular or
supraventricular ectopic activity are absent on
Holter monitor and graded exercise ECGs.
At present, it is unresolved whether resolution of
myocarditis-related LGE should be required to permit return to competitive sports.
3. Athletes with probable or definite myocarditis should
not participate in competitive sports while active
inflammation is present. This recommendation is
independent of age, gender, and LV function (Class
III; Level of Evidence C).

Arrhythmogenic Right Ventricular
Cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
a cause of sudden death in young people and athletes, particularly in the northeastern (Veneto) region of Italy,54 but
is seemingly less common in the United States.3 ARVC is
characterized by a broad phenotypic spectrum and characteristically by loss of myocytes in the right ventricular myocardium, with fatty or fibrofatty replacement, which results in
segmental or diffuse wall thinning, but there is also frequent
involvement of the LV and an association with myocarditis.55
Genetics studies have demonstrated that ARVC is a desmosomal cardiomyopathy that results from genetically defective
cell-adhesion proteins such as plakoglobin, plakophilin-2,
desmoplakin, desmocollin-2, and desmoglein-2.56,57
Clinical diagnosis can be challenging but relies largely
on familial occurrence, left bundle-branch pattern ventricular tachyarrhythmias, ECG findings of T-wave inversion in
precordial leads V1 through V3, and epsilon waves, as well as
right ventricular dilation or segmental wall motion abnormalities, aneurysm formation, or fatty deposition in the right ventricular wall identified with CMR imaging if substantial and
unequivocal (or by biopsy tissue analysis). Diagnostic criteria
for ARVC have been revised and updated and now include
quantitative variables.58
These criteria include global or regional structural dysfunction, as documented by echocardiography or CMR,
biopsy abnormalities, ECG repolarization or depolarization
abnormalities, arrhythmias, and family history. Each of these

criteria is separated into major and minor criteria based on the
severity of the finding. Patients meet an ARVC diagnosis if
they possess 2 major, or 1 major and 2 minor, or 4 minor criteria. Borderline patients are those with 1 major and 1 minor criterion or 3 minor criteria. Patients with possible ARVC have
1 major criterion or 2 minor criteria. Athletes with borderline
or possible ARVC, as well as those who are genotype positive–phenotype negative, should receive continued follow-up,
because ARVC may progress phenotypically, and become
more clinically apparent with time.
There is evidence in the experimental murine model that
exercise increases the penetrance and arrhythmic risk in mutational carriers of ARVC.59 More recently, these data have been
confirmed in genetically positive patients,60 which is particularly relevant to the athlete, raising concern not only with
regard to competitive sports but also regarding participation in
moderate to extreme recreational physical activities.
Ventricular tachyarrhythmias and sudden death in
ARVC commonly occur during exertion, including competitive sports,55,60,61 and frequent endurance exercise increases
the risk for ventricular tachycardia/ventricular fibrillation
and heart failure.60 However, risk factors for sudden cardiac death in ARVC are not as well defined as in HCM.1,2,7,8
There is general agreement that a prior history of sudden
cardiac death, sustained ventricular tachycardia, or syncope
represent the most important prognostic factors and define
many high-risk patients who are most appropriately treated
with a primary prevention ICD.62–64

Recommendations
1. Athletes with a definite diagnosis of ARVC should
not participate in most competitive sports, with the
possible exception of low-intensity class 1A sports
(Class III; Level of Evidence C).
2. Athletes with a borderline diagnosis of ARVC should
not participate in most competitive sports, with the
possible exception of low-intensity class 1A sports
(Class III; Level of Evidence C).
3. Athletes with a possible diagnosis of ARVC should
not participate in most competitive sports, with the
possible exception of low-intensity class 1A sports
(Class III; Level of Evidence C).
4. Prophylactic ICD placement in athlete-patients with
ARVC for the sole or primary purpose of permitting participation in high-intensity sports competition is not recommended because of the possibility
of device-related complications (Class III; Level of
Evidence C).
Other recommendations for sports participation in patients
with ARVC and ICDs can be found in the Task Force 9 report
on “Arrhythmias and Conduction Defects.”23

Pericarditis
The causes of pericarditis/myopericarditis are varied and
are either infectious or noninfectious. The natural history is
incompletely resolved, although long-term prognosis is generally favorable. The diagnosis of acute pericarditis is typically based on clinical criteria: chest pain, pericardial rub,
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sports during the acute phase. Such athletes can
return to full activity when there is complete
absence of evidence for active disease, including
effusion by echocardiography, and when serum
markers of inflammation have normalized. For
pericarditis associated with evidence of myocardial involvement, eligibility should also be based
on the course of myocarditis. Chronic pericardial
disease that results in constriction disqualifies the
person from all competitive sports (Class III; Level
of Evidence C).

ST-segment elevation, or new/worsening pericardial effusion.
This syndrome may be considered part of the clinical spectrum of myocarditis. Recurrences are a significant consideration, and follow-up surveillance with echocardiography or
CMR is recommended to exclude pericardial thickening or
restriction consistent with restrictive pericarditis.50

Recommendations
1. Athletes with pericarditis, regardless of its pathogenesis, should not participate in competitive
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C

ongenital heart disease (CHD) is the most common form
of serious birth defect, occurring in 8 per 1000 live births.1
The past several decades have seen dramatic improvements in
survival with palliative or corrective heart surgery, such that
there are now more adult patients than pediatric patients alive
with CHD. Although restriction from competitive athletics may
well be indicated for some, the great majority of patients can
and should engage in some form of physical activity and should
avoid a sedentary lifestyle. Clinicians should encourage their
patients to engage in healthy physical activities, bearing in mind
specific features in some patients, such as residual obstruction,
pulmonary vascular disease, low systemic ventricular function, and preexisting arrhythmias in the presence of implanted
cardiac rhythm devices such as pacemakers and implantable
cardioverter-defibrillators. In addition, the physiological effects
of athletic activities at high altitude should be considered for
patients with elevated pulmonary vascular resistance. These
issues are covered elsewhere in this document. Fortunately,

although repaired CHD is clearly associated with the development of arrhythmias such as atrial flutter and ventricular tachycardia, exercise does not appear to contribute to the risk.
The level of sports participation recommended includes
consideration of both the training and the competitive aspects
of the activity but must be individualized to the particular
patient, taking into account the patient’s functional status and
history of surgery. Noninvasive testing, such as formal exercise testing, Holter monitoring, echocardiography, and cardiac
magnetic resonance imaging studies, is also often useful.

Types of Congenital Defects
Simple Shunting Lesions (Atrial Septal Defect,
Ventricular Septal Defect, Patent Ductus
Arteriosus), Treated and Untreated
Of the 8 most common subtypes of CHD, ventricular septal
defect (VSD; 34%), atrial septal defect (ASD; 13%), and patent
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ductus arteriosus (PDA; 10%), respectively, are the most common.2 With rare exceptions, patients with hemodynamically
insignificant CHD such as VSD, ASD, and PDA may participate
competitively in all sports. There are no demonstrative data that
children with hemodynamically insignificant VSD (open or after
closure), ASD (open or after closure), or PDA (open or after closure) require exercise limitations or that these lesions are related
to acknowledged episodes of sudden cardiac death (SCD).3,4
Patients with associated pulmonary hypertension secondary to
the above-mentioned lesions that is hemodynamically significant
can develop acute symptoms, including reduced exercise capacity
or, more importantly, arrhythmias, syncope, chest pain, or sudden
death.5,6 For the purposes of this document, pulmonary hypertension is defined as a mean pulmonary artery pressure >25 mm Hg
or a pulmonary vascular resistance index of >3 Wood units.
Patients with right-to-left shunting may become more
cyanotic during exercise, at least in part because of changes
in the ratio of systemic vascular resistance to pulmonary vascular resistance, which can result in increased hypoxemia.
Therefore, full clinical assessment, including laboratory and
exercise testing, should be considered before any physical
activity, because this population represents a very high risk of
sudden death.6 Additional precautions should be taken when
these patients are exercising at altitude, because the pulmonary vascular resistance generally rises, thus increasing the
degree of hypoxemia and cardiac workload.
Children with open or surgically closed VSDs have a normal exercise capacity despite a mild chronotropic limitation in
the latter. Some data suggest that aerobic capacity is reduced
in patients with open or closed VSDs, as well as in patients
with closed ASDs. Abnormal right ventricular (RV) and pulmonary pressure can also occur in those with isolated VSDs;
however, these findings did not impact these exercise recommendations or identify any episodes of SCD.7
ASD: Untreated

Recommendations
1. It is recommended that athletes with small defects
(<6 mm), normal right-sided heart volume, and no
pulmonary hypertension should be allowed to participate in all sports (Class I; Level of Evidence C).
2. It is recommended that athletes with a large ASD and
no pulmonary hypertension should be allowed to participate in all sports (Class I; Level of Evidence C).
3. Athletes with an ASD and pulmonary hypertension
may be considered for participation in low-intensity
class IA sports (Class I; Level of Evidence C).
4. Athletes with associated pulmonary vascular obstructive disease who have cyanosis and a large right-toleft shunt should be restricted from participation in
all competitive sports, with the possible exception of
class IA sports (Class III; Level of Evidence C).
ASD: After Surgical Repair or Closure by Interventional
Catheterization

Recommendations
1. Three to 6 months after operation or intervention,
athletes without pulmonary hypertension, myocardial

dysfunction, or arrhythmias may participate in all
sports (Class I; Level of Evidence C).
2. After operation or intervention, patients with pulmonary hypertension, arrhythmias, or myocardial
dysfunction may be considered for participation
in low-intensity class IA sports (Class IIb; Level of
Evidence C).
VSD: Untreated

Recommendations
1. An athlete with a small or restrictive VSD with normal
heart size and no pulmonary hypertension can participate in all sports (Class I; Level of Evidence C).
2. An athlete with a large, hemodynamically significant
VSD and pulmonary hypertension may consider
participation in only low-intensity class IA sports
(Class IIb; Level of Evidence C).
VSD: After Surgical Repair or Closure by Interventional
Catheterization

Recommendations
1. At 3 to 6 months after repair, asymptomatic athletes with no or a small residual defect and no evidence of pulmonary hypertension, ventricular or
atrial tachyarrhythmia, or myocardial dysfunction
can participate in all competitive sports (Class I;
Level of Evidence C).
Athletes with persistent pulmonary hypertension
2. 
should be allowed to participate in class IA sports
only (Class I; Level of Evidence B).
3. 
Athletes with symptomatic atrial or ventricular
tachyarrhythmias or second- or third-degree atrioventricular block should not participate in competitive
sports until further evaluation by an electrophysiologist (Class III; Level of Evidence C).
4. Athletes with mild to moderate pulmonary hypertension or ventricular dysfunction should not participate in competitive sports, with the possible
exception of low-intensity class IA sports (Class III;
Level of Evidence C).
PDA: Untreated

Recommendations
1. 
Athletes with a small PDA, normal pulmonary
artery pressure, and normal left-sided heart chamber dimension can participate in all competitive
sports (Class I; Level of Evidence C).
2. Athletes with a moderate or large PDA and persistent pulmonary hypertension should be allowed to
participate in class IA sports only (Class I; Level of
Evidence B).
3. Athletes with a moderate or large PDA that causes
left ventricular (LV) enlargement should not participate in competitive sports until surgical or interventional catheterization closure (Class III; Level of
Evidence C).
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PDA: Treated (After Surgical Repair or Closure by
Interventional Catheterization)

Recommendations
1. After recovery from catheter or surgical PDA closure, athletes with no evidence of pulmonary hypertension can participate in all competitive sports
(Class I; Level of Evidence C).
2. Athletes with residual pulmonary artery hypertension should be restricted from participation in all
competitive sports, with the possible exception of
class IA sports (Class I; Level of Evidence B).

Pulmonary Valve Stenosis: Treated and Untreated
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Mild valvar pulmonary stenosis (PS) is characterized by a
systolic ejection murmur, a systolic ejection click that varies
with respiration, and a normal ECG. Decisions are based on
estimated severity by use of Doppler-derived peak instantaneous gradients. A gradient <40 mm Hg indicates mild PS, 40
to 60 mm Hg indicates moderate PS, and >60 mm Hg indicates
severe PS. Treatment can be by surgery or more commonly by
balloon valvuloplasty. Adequate relief means a resolution of
symptoms or a reduction in gradient to <40 mm Hg.

Recommendations
1. 
Athletes with mild PS and normal RV function
can participate in all competitive sports. Annual
reevaluation is also recommended (Class I; Level of
Evidence B).
2. Athletes treated by operation or balloon valvuloplasty who have achieved adequate relief of PS (gradient <40 mm Hg by Doppler) can participate in all
competitive sports (Class I; Level of Evidence B).
3. Athletes with moderate or severe PS can consider
participation only in low-intensity class IA and IB
sports (Class IIb; Level of Evidence B).
4. 
Athletes with severe pulmonary insufficiency as
demonstrated by marked RV enlargement can consider participation in low-intensity class IA and IB
sports (Class IIb; Level of Evidence B).

Aortic Valve Stenosis: Treated and Untreated
Assessment of fully grown athletes with aortic stenosis (AS)
is discussed in the Task Force 5 report on valvular heart disease.8 The following discussion pertains to recommendations
in children and adolescents. Patients with AS are differentiated between those with mild, moderate, and severe AS by
physical examination, ECG, and Doppler echocardiography.
In all cases, regardless of the degree of stenosis, patients with a
history of fatigue, light-headedness, dizziness, syncope, chest
pain, or pallor on exercise deserve a full evaluation. Annual
reevaluation is required for all patients with AS, because the
disease can progress. Patients with severe AS are at risk of
sudden death, particularly with exercise.9
Mild AS is defined as a mean Doppler gradient of <25
mm Hg or a peak instantaneous Doppler gradient <40 mm Hg.
On evaluation, patients should have a normal ECG, normal
exercise tolerance, and no history of exercise-related chest

pain, syncope, or atrial or ventricular tachyarrhythmia.
Moderate AS is defined as a mean Doppler gradient of 25 to
40 mm Hg or a peak instantaneous Doppler gradient of 40 to
70 mm Hg. Patients should have only mild or no LV hypertrophy by echocardiogram and an absence of LV strain pattern
on ECG, as well as a normal maximum exercise stress test
without evidence of ischemia or tachyarrhythmia, with normal exercise duration and blood pressure response. Severe AS
is defined as a mean Doppler gradient >40 mm Hg or a peak
instantaneous Doppler gradient >70 mm Hg. Such patients
may have symptoms such as exercise intolerance, chest pain,
near-syncope, or syncope and likely will have LV hypertrophy
with strain on ECG, as well as an abnormal blood pressure
response to exercise. For cases in which symptoms for findings on ECG or exercise test appear more severe than expected
for the estimated severity by Doppler, cardiac catheterization
may be indicated.
Treatment may be by surgery or balloon aortic valvuloplasty. After treatment, patients may be left with residual
valve gradient, aortic insufficiency, or both and may experience recurrence or progression, and thus, continued clinical
follow-up is needed.

Recommendations
1. Athletes with mild AS can participate in all competitive sports (Class I; Level of Evidence B).
2. Athletes with severe AS can participate only in lowintensity class IA sports (Class I; Level of Evidence B).
3. 
Athletes with moderate AS may be considered
for participation in low static or low to moderate
dynamic sports (class IA, IB, and IIA) (Class IIb;
Level of Evidence B).
4. Athletes with severe AS should be restricted from
all competitive sports, with the possible exception
of low-intensity (class IA) sports (Class III; Level of
Evidence B).
AS After Surgery or Balloon Dilation

Recommendations
1. 
Athletes with residual AS may be considered for
participation in sports according to the above recommendations based on severity (Class IIb; Level of
Evidence C).
2. Athletes with significant (moderate or severe) aortic
valve insufficiency may participate in sports according to the recommendation of Task Force 5 in this
document8

Coarctation of the Aorta: Treated and Untreated
Coarctation may be discrete or in the form of a long segment
and causes hypertension in the upper limbs and hypotension
in the lower limbs. The severity is determined by a clinical
examination that includes the arm/leg pressure gradient, exercise testing, echocardiographic studies, and magnetic resonance
imaging. Coarctation is often considered part of a more general
aortopathy with a medial abnormality, particularly when associated with a bicuspid aortic valve. This renders the aorta more

e284  Circulation  December 1, 2015

Downloaded from http://circ.ahajournals.org/ by guest on November 14, 2016

vulnerable to dilation, aneurysm formation, and dissection and
rupture. There is a recognized association with cerebral aneurysms. Virtually all patients, except those with mild coarctation,
will undergo intervention, in the form of either surgical repair or
percutaneous balloon angioplasty and stenting.
Even after successful surgical repair or stent placement,
residual abnormalities may persist. These include residual
coarctation and aneurysm formation at the site of repair or
stent. Because of the aortopathy, the ascending aorta may
also dilate and even dissect and rupture. Systemic hypertension may persist and if not present at rest may also occur on
exercise. Some patients may have residual LV hypertrophy,
and many may have residual aortic valve disease when a concomitant bicuspid aortic valve is present. Lifetime follow-up
is mandatory, and the potential for premature coronary artery
disease has been reported.
Before a decision is made regarding exercise participation, a detailed evaluation should be conducted, which should
include a physical examination, ECG, chest radiograph, exercise testing transthoracic echocardiographic evaluation of the
aortic valve and aorta, and either magnetic resonance imaging or computed tomography angiography. Normal standards
exist for peak systolic blood pressure on exercise testing, by
age and sex.10,11 Magnetic resonance imaging or computed
tomography imaging should be performed to evaluate the thoracic aorta in its entirety, because transthoracic echocardiographic imaging alone will not visualize the entire aorta, and
both residual coarctation and aneurysm may be missed.
Coarctation of the Aorta: Untreated

Recommendations
1. 
Athletes with coarctation and without significant
ascending aortic dilation (z score ≤3.0; a score of
3.0 equals 3 standard deviations from the mean for
patient size) with a normal exercise test and a resting
systolic blood pressure gradient <20 mm Hg between
the upper and lower limbs and a peak systolic blood
pressure not exceeding the 95th percentile of predicted with exercise can participate in all competitive
sports (Class I; Level of Evidence C).
2. 
Athletes with a systolic blood pressure arm/leg
gradient >20 mm Hg or exercise-induced hypertension (a peak systolic blood pressure exceeding
the 95th percentile of predicted with exercise) or
with significant ascending aortic dilation (z score
>3.0) may be considered for participation only in
low-intensity class IA sports (Class IIb; Level of
Evidence C).
Coarctation of the Aorta: Treated by Surgery
or Balloon and Stent

Recommendations
1. Athletes who are >3 months past surgical repair or
stent placement with <20 mm Hg arm/leg blood pressure gradient at rest, as well as (1) a normal exercise
test with no significant dilation of the ascending aorta
(z score <3.0), (2) no aneurysm at the site of coarctation intervention, and (3) no significant concomitant

aortic valve disease, may be considered for participation in competitive sports, but with the exception of
high-intensity static exercise (classes IIIA, IIIB, and
IIIC), as well as sports that pose a danger of bodily
collision (Class IIb; Level of Evidence C).
2. Athletes with evidence of significant aortic dilation
or aneurysm formation (not yet at a size to need
surgical repair) may be considered for participation
only in low-intensity (classes IA and IB) sports (Class
IIb; Level of Evidence C).

Elevated Pulmonary Vascular Resistance in CHD
Patients with pulmonary vascular disease and CHD are at
risk of sudden death during sports activity. In those with
shunts (commonly septal defects or complex CHD), cyanosis is usually present at rest (Eisenmenger syndrome)
and worsens with exercise. Most of these patients self-limit
their activity, and they should not participate in competitive sports, with the exception of low-intensity (class IA)
sports. The benefits of a regular exercise program, however,
including improved walk distance, peak oxygen consumption, quality of life, and functional class, have been demonstrated, and thus, physical activity that does not require
maximal effort should be encouraged. This usually comprises physical activity that allows the patient to speak a
sentence comfortably (the “talk test”), and 6-minute walk
tests will facilitate guidance in this regard.
Patients with suspected residual pulmonary hypertension who have undergone prior surgical repair or catheter intervention for shunt lesions should have a complete
hemodynamic evaluation by cardiac catheterization before
engaging in competitive athletics. Pulmonary arterial
hypertension is usually defined as a mean pulmonary artery
pressure of >25 mm Hg and a pulmonary arteriolar resistance >3 Wood units. Decisions proscribing exercise for
patients with mild degrees of pulmonary hypertension are
quite arbitrary, and no evidence-based scientific data exist.
Similarly, no data exist with regard to appropriate exercise
prescriptions for patients with mild and moderate pulmonary hypertension, which emphasizes the need to collect
prospective data.
Patients and families should be cautioned, however, concerning the potential effect of high altitude on the existing
abnormal cardiopulmonary physiology, because this may lead
to important further elevations in pulmonary vascular resistance in such patients, with adverse effects.

Recommendations
1. Patients with mean pulmonary artery pressure of
<25 mm Hg can participate in all competitive sports
(Class I; Level of Evidence B).
2. Patients with moderate or severe pulmonary hypertension, with a mean pulmonary artery pressure >25
mm Hg, should be restricted from all competitive
sports, with the possible exception of low-intensity
(class IA) sports. Complete evaluation and exercise
prescription (physician guidance on exercise training)
should be obtained before athletic participation (Class
III; Level of Evidence B).
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Ventricular Dysfunction After CHD Surgery
It is not unusual for a patient to present with significant ventricular dysfunction early or late after surgery for CHD, and
this dysfunction, of course, affects exercise performance.
Assessment of ventricular function is more straightforward
for patients with systemic LVs than for those with systemic
RVs, but the use of cardiac magnetic resonance imaging
has improved the assessment of RV function.12 In general,
throughout this document, severe ventricular dysfunction is
defined as an ejection fraction (EF) <40%, moderate dysfunction as EF 40% to 50%, and normal as EF >50%. It should be
recognized that these definitions are somewhat arbitrary. Of
course, the other characteristics of the patient’s heart disease
and repair should be considered as well, such as valvar stenosis and insufficiency.

Recommendations
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1. Before participation in competitive sports, all athletes with ventricular dysfunction after CHD surgery should undergo evaluation that includes clinical
assessment, ECG, imaging assessment of ventricular function, and exercise testing (Class I; Level of
Evidence B).
2. Athletes with normal or near-normal systemic ventricular function (EF ≥50%) can participate in all
sports (Class I; Level of Evidence B).
3. It is reasonable for athletes with mildly diminished
ventricular function (EF 40%–50%) to participate
in low- and medium-intensity static and dynamic
sports (classes IA, IB, and IIA and IIB) (Class IIb;
Level of Evidence B).
4. 
Athletes with moderately to severely diminished
ventricular function (EF <40%) should be restricted
from all competitive sports, with the possible exception of low-intensity (class IA) sports (Class III; Level
of Evidence B).

Cyanotic CHD, Including Tetralogy of Fallot
Cyanotic Heart Disease: Unoperated or With Palliative Shunts
Patients with congenital defects resulting in chronic cyanosis
can reach adolescence and adulthood but have significantly
diminished exercise tolerance, which correlates with clinical
outcomes.13–15 Iron deficiency further exacerbates exercise
intolerance, whereas select treatments may improve exercise
capacity in this population.16,17 Cardiopulmonary exercise
testing shows that significant desaturation occurs in these
patients with exercise, with performance and symptoms
related to underlying anatomy,14,18 including those with palliative shunts, because of changes in the balance between
pulmonary and systemic vascular resistance. Full clinical assessment, including laboratory and exercise testing,
should be considered before any physical activity, because
this population represents a very high risk of sudden death.19
Additional caution should be taken when these patients
are exercising at altitude (“Elevated Pulmonary Vascular
Resistance in CHD”). Unfortunately, data to address the
safety of participation in competitive sports in this population are lacking.

Recommendations
1. In athletes with unrepaired cyanotic heart disease, a
complete evaluation is recommended, which should
involve exercise testing. An exercise prescription
based on clinical status and underlying anatomy
should be obtained before athletic participation
(Class I; Level of Evidence C).
2. Athletes with unrepaired cyanotic heart disease who
are clinically stable and without clinical symptoms
of heart failure may be considered for participation
in only low-intensity class IA sports (Class IIb; Level
of Evidence C).
Postoperative Tetralogy of Fallot
Most patients with tetralogy of Fallot currently undergo initial
repair in the first 2 years of life but often develop clinically
significant pulmonary valve dysfunction in adolescence or
adulthood. Clinical evaluation of patients before participation in competitive sports should include assessment of pulmonary valve function and assessment of factors associated
with increased risk of sudden death in this population.15,19–21
In particular, attention should be paid to careful assessment of
LV function.13,22 Exercise testing is recommended to evaluate
ability to augment cardiovascular function during increasing
exercise intensity and for evidence of exercise-related ECG
changes suggestive of arrhythmia or ischemia. Given its prognostic utility, cardiopulmonary exercise testing should be considered to fully evaluate patients before sports participation,
particularly those with evidence of residual lesions on physical
examination or imaging assessment.13,15 We strongly caution
against participation in high-intensity competitive sports for
those with severe biventricular dysfunction, atrial or ventricular arrhythmias, and significant abnormalities on exercise testing or abnormal hemodynamic assessment. Evaluation of lung
function with pulmonary function tests may also be useful to
assess for evidence of underlying disease and optimization
before sports participation.23 For participation in moderateand high-intensity sports, the patient should be asymptomatic
at rest and with exercise, as well as free (or relatively free) of
risk factors associated with sudden death, although individualized assessment is key for assessment of additional anatomic
anomalies such as anomalous coronary arteries or residual
outflow tract obstruction. Specific data regarding safety of
long-term high-intensity exercise are needed in tetralogy of
Fallot patients with preserved ventricular function with moderate to severe regurgitation, because a blunted stroke-volume
response with high-intensity exercise has been reported in this
population. One could extrapolate from these data that exercise performance in class III sports would be limited, although
there is insufficient evidence to understand cardiovascular risk
for these athletes.24 Given this, we recommend serial clinical
evaluation with assessment of ventricular function during the
period of sports participation.

Recommendations
1. Before participation in competitive sports, it is recommended that all athletes with repaired tetralogy of Fallot should undergo evaluation, including
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clinical assessment, ECG, imaging assessment of
ventricular function, and exercise testing (Class I;
Level of Evidence B).
Athletes without significant ventricular dysfunction
2. 
(EF >50%), arrhythmias, or outflow tract obstruction
may be considered for participation in moderate- to
high-intensity sports (class II–III). To meet these criteria, the athlete must be able to complete an exercise
test without evidence of exercise-induced arrhythmias,
hypotension, ischemia, or other concerning clinical
symptoms (Class IIb; Level of Evidence B).
2. 
Athletes with severe ventricular dysfunction (EF
<40%), severe outflow tract obstruction, or recurrent or uncontrolled atrial or ventricular arrhythmias should be restricted from all competitive sports,
with the possible exception of low-intensity (class IA)
sports (Class III; Level of Evidence B).
Downloaded from http://circ.ahajournals.org/ by guest on November 14, 2016

Transposition of the Great Arteries: After Atrial
Switch (Mustard or Senning Operation)
The atrial switch procedure was reported in 1959 and was performed frequently for transposition of the great arteries (TGA)
from approximately the 1960s to the 1990s. Thus, the significant
majority of patients with this anatomy are adults, because survival into the third and fourth decades occurs in most patients.
Exercise tolerance is diminished in this population and correlates with clinical outcomes.13,15 Recent studies show this population may be at higher risk of sudden death than other CHD
populations.19,20 The strongest predictors of sudden death are
the presence of prior arrhythmia and severe systemic ventricular dysfunction, although prior VSD, age at repair, QRS duration, and heart failure symptoms may also be associated with
an increased risk.19,25–29 The population with TGA with atrial
switch likely has a unique response to exercise given reports that
a high proportion of sudden death events occur during exertion.28
This adds complexity to the evaluation before sports participation, because the pathophysiology and prevention strategies for
SCD in this population are not well understood. Unfortunately,
evidence of exercise-induced arrhythmias on routine clinical
testing has not been shown to reliably predict exercise-induced
SCD events.28 Thus, careful evaluation of clinical status with
special attention to clinical history of arrhythmias, patency and
structure of the venous baffles, systemic ventricular function,
coronary artery anatomy, and presence of additional obstructive
lesions (eg, PS) is recommended. Severe systemic ventricular
function is defined as an EF <40%. Clinical evaluation should
include cardiopulmonary exercise testing with continuous oximetry before sports participation. Restriction from high-intensity
activities should be considered in the presence of severe systemic ventricular dysfunction, persistent arrhythmias, hypoxia,
or inability to increase cardiac output, blood pressure, or heart
rate with exertion. In the absence of these findings, moderateintensity sports participation may be safe.30 However, the effect
of long-term exercise training on the systemic RV is not known.
Therefore, we recommend serial clinical evaluation during the
period of sports participation, with assessment of ventricular
function to evaluate the medium- and long-term effects of exercise participation. Evaluation for and optimization of pulmonary
dysfunction are recommended.31

Recommendations
1. It is recommended that before participation in competitive sports, all athletes who have undergone the
Senning and Mustard procedure should undergo an
evaluation that includes clinical assessment, ECG,
imaging assessment of ventricular function, and exercise testing (Class I; Level of Evidence B).
2. Participation in competitive sports in those athletes
with a history of clinically significant arrhythmias or
severe ventricular dysfunction may be considered on
an individual basis based on clinical stability (Class
IIb; Level of Evidence C).
3. Athletes without clinically significant arrhythmias,
ventricular dysfunction, exercise intolerance, or
exercise-induced ischemia may be considered for
participation in low- and moderate-intensity competitive sports (classes IA, IB, IIA, and IIB) (Class
IIb; Level of Evidence C).
4. Athletes with severe clinical systemic RV dysfunction,
severe RV outflow tract obstruction, or recurrent
or uncontrolled atrial or ventricular arrhythmias
should be restricted from all competitive sports,
with the possible exception of low-intensity (class IA)
sports. (Class III; Level of Evidence C).

Congenitally Corrected TGA
Patients with congenitally corrected TGA (CCTGA) are often
diagnosed in childhood, usually in the presence of additional
defects, including PS, VSD, or systemic atrioventricular
valve abnormalities (see appropriate sections for additional
recommendations). In CCTGA, exercise tolerance is limited,
and both exercise tolerance and ventricular function are predictive of adverse outcomes.13,15,32,33 Systemic atrioventricular
valve dysfunction is not uncommon in this population and
correlates with exercise performance.33 In a recent study,
patients with CCTGA and additional defects were found to
have a particularly high rate of sudden death.19 However,
because of the small number of patients with this anatomy,
it is difficult to determine the risk factors for this outcome,
although systemic ventricular dysfunction and arrhythmias
may correlate with these events. When evaluating patients
before competitive sports participation, we recommend
assessment of clinical stability with noninvasive imaging and
cardiopulmonary exercise testing. Clinical assessment should
include evaluation of systemic ventricular and atrioventricular valve function and coronary artery anatomy, as well as
exclusion of outflow tract obstruction. One small study found
that participation of patients with CCTGA in a 3-month
exercise training program of moderate to high intensity was
not associated with clinical decline30; however, the effect of
long-term exercise training on the systemic RV is not known.
Therefore, we recommend serial clinical evaluation during
the period of sports participation, with assessment of ventricular function to evaluate the medium- and long-term effects
of exercise participation.
Limited data are available to assess the risks associated with sports participation in those who have had a
double-switch procedure that resulted in the redirection
of pulmonary venous blood to the LV and aorta. However,
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assessment of the venous baffle and Rastelli or arterial
switch integrity is required before consideration of sports
participation.

Recommendations
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1. It is recommended that before participation in competitive sports, all CCTGA athletes should undergo
evaluation that includes clinical assessment, ECG,
imaging assessment of ventricular function, and
exercise testing (Class I; Level of Evidence B).
2. Participation in competitive sports in those CCTGA
athletes with a history of clinically significant
arrhythmias or severe ventricular dysfunction may
be considered on an individual basis based on clinical stability (Class IIb; Level of Evidence C).
3. Athletes with CCTGA and without clinically significant arrhythmias, ventricular dysfunction, exercise
intolerance, or exercise-induced ischemia may be
considered for participation in low- and moderateintensity competitive sports (class IA and IB) (Class
IIb; Level of Evidence C).
4. Asymptomatic athletes with CCTGA and without
abnormalities on clinical evaluation may be considered for participation in moderate- to high-intensity
competitive sports (classes II and IIIB or IIIC) (Class
IIb; Level of Evidence C).
5. Athletes with severe clinical systemic RV dysfunction,
severe RV outflow tract obstruction, or recurrent
or uncontrolled atrial or ventricular arrhythmias
should be restricted from all competitive sports,
with the possible exception of low-intensity (class IA)
sports (Class III; Level of Evidence C).

TGA, After Arterial Switch Procedure
Significant numbers of patients have now undergone the arterial switch procedure over the past 3 decades, and thus, many
are at an age when sports participation is desired. Coronary
stenosis or obstruction is fortunately rare, and concerns are
mainly focused on the possibility of supravalvar PS at the
site of anastomosis, which is rarely significant. Patients with
symptoms such as syncope or exertional chest pain should
have a careful assessment of their coronary artery status,
because sudden death has been reported late after arterial
switch repair.34 Exercise studies are not particularly sensitive
in this group of patients, and coronary angiography or other
modalities such as computed tomography angiography may
be necessary in those with significant symptoms.35 The issue
of surveillance of asymptomatic patients after the arterial
switch procedure is controversial.

Recommendations
1. 
It is recommended that before participation in
competitive sports, athletes who have undergone
the arterial switch procedure for TGA should
undergo evaluation that includes clinical assessment, ECG, imaging assessment of ventricular
function, and exercise testing (Class I; Level of
Evidence B).

2. It is reasonable for athletes with no cardiac symptoms, normal ventricular function, and no tachyarrhythmias after the arterial switch procedure for
TGA to participate in all competitive sports (Class
IIb; Level of Evidence C).
3. After the arterial switch procedure for TGA, athletes
with more than mild hemodynamic abnormalities or
ventricular dysfunction may be considered for participation in low and moderate static/low dynamic
competitive sports (classes IA, IB, IC, and IIA), provided that exercise testing is normal (Class IIb; Level
of Evidence C).
4. After the arterial switch procedure for TGA, athletes with evidence of coronary ischemia should be
restricted from all competitive sports, with the possible exception of low-intensity (class IA) sports (Class
III; Level of Evidence B).

Fontan Procedure
The Fontan operation, a complete redirection of systemic
venous blood to the pulmonary arteries, is performed to palliate single-ventricle physiology. Patients with this circulation
have significantly decreased exercise performance, and they
are able to increase cardiac output during exercise through
unique mechanisms.13,36,37 Limitation to exercise performance
is multifactorial and correlates with morbidity and mortality.36,38 When patients are evaluated before sports participation,
it is imperative to recognize that both the Fontan circulation
and the underlying cardiac anatomy can be extremely variable
among patients. As a result, thorough clinical assessment is
recommended before sports participation. This clinical assessment should include evaluation for risk factors associated
with sudden death.20,38,39 Additionally, comprehensive cardiac
imaging is recommended, as well as cardiopulmonary exercise testing with continuous oximetry. If there is significant
exercise intolerance during a maximal effort test, as evidenced
by such things as an inability to increase blood pressure or
heart rate, systemic desaturation, or development of arrhythmias or other symptomatic limitations, the healthcare provider
should strongly consider restriction from participation in
moderate- and high-intensity competitive sports and training.
If the recommended evaluation is unremarkable, participation
in moderate-intensity and moderate-duration exercise can be
considered. This recommendation is based on small studies
that have shown evidence of improvement in some measures
of fitness without evidence of clinical deterioration in those
participating in moderate-intensity exercise training and resistance training.40,41 However, the safety of participation in highintensity or high-duration sports is unknown. Additionally,
evaluation and optimization of lung function before sports
participation is recommended.42 All Fontan patients requiring
chronic anticoagulation should be restricted from participation in contact sports.

Recommendations
1. It is recommended that before participation in competitive sports, all athletes who have undergone the
Fontan procedure should undergo an evaluation
that includes clinical assessment, ECG, imaging
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assessment of ventricular function, and exercise testing (Class I; Level of Evidence B).
2. Athletes who have undergone the Fontan procedure
and who have no symptomatic heart failure or significantly abnormal intravascular hemodynamics
can participate only in low-intensity class IA sports
(Class I; Level of Evidence C).
3. Participation in other sports may be considered on
an individual basis with regard for the athlete’s ability to complete an exercise test without evidence of
exercise-induced arrhythmias, hypotension, ischemia, or other concerning clinical symptoms (Class
IIb; Level of Evidence C).

Ebstein Anomaly of the Tricuspid Valve
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The phenotypic spectrum of this malformation is extreme, ranging from minimal to profound tricuspid regurgitation and rightsided heart enlargement. If there is an atrial shunt, cyanosis may
be present. A minority of patients with Ebstein anomaly will
have preexcitation that could precipitate clinically important
and symptomatic arrhythmias. Physical disability and increased
risk for sudden death with exercise have been reported with
severe cases. Risk stratification for exercise-related arrhythmias remains imprecise for this anomaly. In patients for whom
there is also evidence of Wolff-Parkinson-White syndrome or in
whom a defibrillator has been implanted, the recommendations
found in Task Force 943 should be respected as well. Note that
the recommendations below apply both before and after surgical plication and are based on the degree of valve regurgitation
and existence of arrhythmias.

Recommendations
1. Patients with mild to moderate Ebstein anomaly (ie,
no cyanosis, normal RV size, tricuspid regurgitation
that is moderate or less, and no evidence of atrial or
ventricular arrhythmias) can be considered for participation in all sports (Class IIb; Level of Evidence C).
2. Patients with Ebstein anomaly with severe tricuspid
regurgitation but without evidence of arrhythmias
on ambulatory electrocardiographic monitoring
(except isolated premature contractions) may be
considered for participation only in low-intensity
class IA sports (Class IIb; Level of Evidence C).

Congenital Coronary Anomalies
Anomalies of coronary arteries are second in frequency among
identified structural causes of SCD in competitive athletes,
accounting for ≈17% of such deaths in the United States.44
Anomalous origins of coronary arteries from the wrong sinus
of Valsalva or from the pulmonary artery are estimated to be
present in ≈1% of the overall population45 but are proportionately far more common in athletes who die suddenly, as cited
above. Although the vast majority of sudden deaths associated
with coronary anomalies occur during or shortly after exercise,46 sudden death has been reported in the sedentary state.47
The most common anomalous origin is the right coronary
artery originating from the left sinus of Valsalva, but among
athletes who have died suddenly, anomalous origin of the left

main or left anterior descending coronary artery from the right
sinus of Valsalva is far more prevalent. Furthermore, SCDs are
most strongly associated with the pattern in which the anomalous left coronary artery passes between the aorta and main
pulmonary artery. An anomalous origin of a coronary artery
from the pulmonary artery is far less commonly observed in
athletes who die suddenly and in fact often presents with myocardial infarction in infancy or early childhood. Nonetheless,
some cases are not recognized until adolescence or adulthood
and may be associated with sudden death in athletes, albeit
rarely. Nonspecific electrocardiographic findings may be
observed in adolescents with otherwise unrecognized anomalous coronary arteries arising from the pulmonary artery.
The ECG is an unreliable screening tool for suspecting or
recognizing anomalous origin of coronary arteries before an
event, and even stress tests are not uniformly positive among people with these anomalies.48 Clinical symptoms, such as exertional
chest discomfort or dyspnea, may be helpful, but 2 reports suggest that 50% of SCDs associated with coronary artery anomalies
were first events without prior symptoms.46,49 The best methods
for identifying the anomaly include coronary angiography, computed tomography angiography, and magnetic resonance angiography. Although not uniformly successful, athletes undergoing
echocardiographic studies for any reason should have careful
attempts to identify the origins of the coronary arteries.
Surgical procedures are the only therapies available for
correcting these anomalies,50 with return to intense athletic
activities permitted after 3 months after the procedure with
demonstration of the absence of ischemia on postoperative
stress testing.51

Recommendations
1. Athletes with anomalous origin of a coronary artery
from the pulmonary artery can participate only in
low-intensity class IA sports, whether or not they
have had a prior myocardial infarction, and pending
repair of the anomaly (Class I; Level of Evidence C).
2. Athletes with an anomalous origin of a right coronary
artery from the left sinus of Valsalva should be evaluated by an exercise stress test. For those without either
symptoms or a positive exercise stress test, permission
to compete can be considered after adequate counseling of the athlete and/or the athlete’s parents (in the
case of a minor) as to risk and benefit, taking into consideration the uncertainty of accuracy of a negative
stress test (Class IIa; Level of Evidence C).
3. 
After successful surgical repair of an anomalous
origin from the wrong sinus, athletes may consider
participation in all sports 3 months after surgery if
the patient remains free of symptoms and an exercise
stress test shows no evidence of ischemia or cardiac
arrhythmias (Class IIb; Level of Evidence C).
4. 
After repair of anomalous origin of a coronary
artery from the pulmonary artery, decisions regarding exercise restriction may be based on presence of
sequelae such as myocardial infarction or ventricular dysfunction (Class IIb; Level of Evidence C).
5. Athletes with an anomalous origin of a left coronary
artery from the right sinus of Valsalva, especially
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when the artery passes between the pulmonary
artery and aorta, should be restricted from participation in all competitive sports, with the possible
exception of class IA sports, before surgical repair.
This recommendation applies whether the anomaly
is identified as a consequence of symptoms or discovered incidentally (Class III; Level of Evidence B).

6. Nonoperated athletes with an anomalous origin of a
right coronary artery from the left sinus of Valsalva
who exhibit symptoms, arrhythmias, or signs of ischemia on exercise stress test should be restricted from
participation in all competitive sports, with the possible exception of class IA sports, before a surgical
repair (Class III; Level of Evidence C).
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A

search of the literature identifies no prospective clinical trials examining the management of athletes or very
physically active, asymptomatic people with abnormal cardiac
valves. There are also few clinical trials on nonathletes with
aortic or mitral valve disease. Consequently, recommendations for athletic participation in people with these conditions
are based on cohort analyses of nonathletic subjects and consensus opinion.
The 2014 American Heart Association/American College
of Cardiology “Guideline for the Management of Patients
With Valvular Heart Disease”1 defines stages of valve disease
that are useful for subgrouping patients with aortic and mitral
valve disease. In stage A are asymptomatic people at risk for
developing clinically important valve stenosis or regurgitation, such as patients with bicuspid aortic valves or mitral
valve prolapse without obstruction or regurgitation. Patients
in stage A may have physical findings consistent with the
underlying valve pathology, such as a mitral valve click or an
aortic ejection sound, but do not have the pathognomonic findings of valvular malfunction. Stage B includes asymptomatic

patients with mild to moderate valvular heart disease with
normal left ventricular (LV) systolic function. Stage C designates asymptomatic patients with severe valvular heart disease with evidence of preserved systolic function (stage C1)
or LV dysfunction (C2), and stage D designates patients with
symptomatic severe valvular heart disease with or without LV
dysfunction. Eligibility for competitive sports is a pertinent
issue for people with valvular heart disease in stages A, B,
and C, whereas symptomatic patients in stage D are not candidates for competition and under most circumstances should
be referred for valve replacement or repair. Athletic competition is also a relevant issue in asymptomatic patients who have
undergone successful valve surgery.

Aortic Valve Disease
Aortic valve disease is usually caused by degenerative changes
in a bicuspid or tricuspid aortic valve. Calcification of trileaflet aortic valves is an increasingly common cause of aortic
stenosis (AS) in middle-aged and elderly people because of
increased longevity in the United States and other developed
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nations. Bicuspid aortic valves occur in 1.5% to 2.0% of the
population and thus are common findings in young athletes.2
In developed countries, there is a very low incidence of rheumatic aortic valve disease, but this pathogenesis predominates
in athletes from developing nations. Additional causes of outflow obstruction can be nonvalvular and include subvalvular
and supravalvular AS, both produced by cardiomyopathies
and congenital abnormalities in the left ventricle and ascending aorta, as discussed in other sections of this document.
Primary diseases of the aorta are common causes of aortic
valve regurgitation (AR),1 and this pathogenesis should be
considered in athletes presenting with AR.

Aortic Stenosis
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AS is a well-known cause of exertion-related sudden cardiac
death but is responsible for <4% of sudden deaths in young
athletes.3 The severity of AS is best evaluated with the combination of the history, physical examination, and Doppler
echocardiography. A history of decreasing exercise tolerance,
exertional dyspnea, or exercise-induced angina in an athlete
with a systolic murmur should raise the possibility of severe
AS. A decreased volume and delayed upstroke of the carotid
pulse, as well as a greater intensity and duration of the systolic
murmur, also suggest clinically important AS.
Assessment of congenital AS in children and adolescents
and recommendations for participation in athletics in these
age groups are discussed in the Task Force 4 report4 on congenital heart disease in this document. The following discussion pertains to recommendations in fully grown athletes in
late adolescence and adulthood. Doppler echocardiography is
the standard method to assess AS,1 and its severity is graded
as shown in Table 1.
Clinicians should combine features of the history, physical examination, and echocardiogram in evaluating the severity of AS, as well as integrating the various echocardiographic
measures of jet velocity, mean gradient, and calculated valve
area, because each has limitations. In young patients with
abnormal aortic valves, it is also important to assess the size
and morphology of the ascending aorta to exclude concomitant aortopathy, as discussed below. Athletes with mild or
moderate AS (stage B) should be evaluated yearly, because
the valve can narrow progressively. Exercise testing with
electrocardiographic and blood pressure monitoring is useful in evaluating ostensibly asymptomatic athletes with AS
because it may reveal unexpectedly low exercise tolerance,
exercise hypotension, or electrocardiographic abnormalities
that may alter the exercise recommendations. Doppler echocardiography can underestimate the severity of the aortic
Table 1. Severity of Aortic Stenosis by Doppler
Echocardiography
Severity

Jet Velocity, m/s

Mean Gradient,
mm Hg

Aortic Valve Area,
cm2

Mild

<3

<20

>1.5

Moderate

3–4

20–40

1–1.5

Severe

>4

>40

<1.0

Reprinted from Nishimura et al. Copyright © 2014, American Heart
Association, Inc.
1

valve gradient, so further evaluation is warranted in athletes
with Doppler evidence of mild or moderate AS who have
symptoms or LV hypertrophy.
Evaluation
Athletes with bicuspid aortic valves without stenosis (stage A)
should undergo yearly physical examinations for detection of
new onset of heart murmurs. Athletes with mild to moderate
AS (stage B) should have a yearly history, physical examination, and Doppler echocardiogram to evaluate disease severity. Exercise testing should be performed in athletes with mild
and moderate AS to ensure that their effort tolerance is commensurate with the proposed athletic activity and that they
do not develop exercise hypotension or electrocardiographic
evidence of ischemia.

Recommendations
1. Athletes with AS should be evaluated yearly to determine whether sports participation can continue
(Class I; Level of Evidence C).
2. Athletes with mild AS (stage B) and a normal maximal exercise response can participate in all sports
(Class IIa; Level of Evidence C).
3. Athletes with moderate AS (stage B) can 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 and the training
regimen demonstrates satisfactory exercise capacity
without symptoms, ST-segment depression, or ventricular tachyarrhythmias, and with a normal blood
pressure response (Class IIa; Level of Evidence C).
4. Asymptomatic athletes with severe AS (stage C)
should not participate in competitive sports, with the
possible exception of low-intensity (class IA) sports
(Class III; Level of Evidence C).
5. Symptomatic patients with AS (stage D) should not
participate in competitive sports (Class III; Level of
Evidence C).

Aortic Regurgitation
The common causes of chronic AR include bicuspid aortic
valve disease, congenital connective tissues disorders such as
Marfan syndrome, rheumatic heart disease, and idiopathic or
hypertensive dilation of the ascending aorta.1 Chronic AR is
usually asymptomatic and well tolerated for years, but when
severe, it produces a gradual increase in LV dimensions. The
diagnosis during the asymptomatic stages of AR (stages B
and C) is suggested on physical examination by a wide arterial pulse pressure, a diastolic murmur heard along the sternal
border, or a systolic outflow murmur related to the increased
forward stroke volume. Doppler echocardiography is useful
in confirming the diagnosis and grading the severity of AR.1,5
AR produces both pressure and volume loading of the LV but
is usually well tolerated for decades, with normal LV systolic
performance despite the increased LV volume until the LV
cannot tolerate further increases in the volume overload.
It is often difficult to differentiate the LV dilatation produced
in athletes by exercise training from the dilatation produced by
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chronic severe AR in its early and advanced stages. Therefore,
assessment of LV enlargement in highly trained athletes with
known or suspected AR must take this issue into consideration. Progressively severe AR can result in LV volumes that
exceed the normal physiological responses to athletic training, but there is overlap in LV volume encountered in normal
athletes and patients with AR. Up to 45% of trained male athletes have LV end-diastolic dimension (LVEDD) >55 mm,6,7
but only 14% of even elite male athletes have LVEDD >60 mm,
and LVEDD rarely exceeds 70 mm.6,7 LVEDD >55 mm occurs
in <10% of elite women athletes and is >60 mm in only 1%.8
Hence, athletes with severe AR and LVEDD exceeding these
values have a high likelihood that severe AR is contributing to the LV dilation and should be evaluated carefully for
decreasing exercise tolerance and absence of ventricular augmentation with exercise. Similarly, LV end-systolic dimension
(LVESD) may also be increased with athletic training. Among
elite athletes, the upper limit of LVESD is 49 mm for men and
38 mm for women.7 It may be helpful to normalize LVEDD
and LVESD for body size,9 because larger athletes have larger
ventricular volumes. Data indexed for body surface area and
height in athletes are available for LVEDD6,8 but not LVESD.
The reported upper limit of LVEDD indexed for body surface area is 35.3 mm/m2 for men and 40.8 mm/m2 for women.8
Values for LVEDD and LVESD for elite athletes as reported
by Pelliccia et al7,8 are summarized in Table 2.
The LV ejection fraction response to exercise is also maintained in patients with chronic AR until there is severe LV dilation.10 An ejection fraction <50% at rest in an athlete with severe
AR indicates LV decompensation. Serial assessment of the
LVESD is valuable in assessing the progressive effects of severe
AR in those with normal LV ejection fractions. In patients with
severe AR, the 2014 American Heart Association/American
College of Cardiology “Guideline for the Management of
Patients With Valvular Heart Disease”1 defines preserved systolic function (stage C1) as LV ejection fraction ≥50% and
LVESD ≤50 mm or indexed LVESD ≤25 mL/m2.
Evaluation
Athletes with AR should undergo a yearly history and physical
examination with Doppler echocardiography. Exercise testing to
at least the level of activity achieved in competition and the training regimen is helpful in confirming asymptomatic status and
assessing blood pressure responses. The usefulness of assessing
Table 2. Left Ventricular Dimensions in Elite Athletes
Men

Women

Mean±SD Upper Limit Mean±SD

Upper Limit

LVESD, mm*

38.2±3.2

49

32.9±2.9

38

LVEDD, mm*

58.8±3.4

70

52.2±3.2

60

LVEDD, mm†

54.2±2.0

66

48.9±3.8

66

LVEDD/BSA, mm/m2†

28.1±2.3

35.3

29.8±2.5

40.8

LVEDD/height, mm/m†

30.1±2.1

36.8

29.3±1.9

35.9

BSA indicates body surface area; LVEDD, left ventricular end-diastolic
dimension; and LVESD, left ventricular end-systolic dimension.
*Data from 114 Olympic athletes (89 men, 25 women).7
†Data from 1338 elite athletes (738 men, 600 women).8

LV function with exercise in athletes has not been established.
Patients with AR often have underlying bicuspid aortic valves.
In these patients, it is important to also assess the morphology
of the aortic root and ascending aorta to rule out associated aortopathy. Recommendations for sports participation for athletes
with bicuspid aortic valves and dilated aortas are provided in the
Task Force 7 recommendations of this report.11

Recommendations
1. Athletes with AR should be evaluated annually to
determine whether sports participation can continue
(Class I; Level of Evidence C).
2. Exercise testing to at least the level of activity achieved
in competition and the training regimen is helpful in
confirming asymptomatic status in athletes with AR
and assessing blood pressure responses (Class I; Level
of Evidence C).
3. Athletes with mild to moderate degrees of AR (stage
B) with normal LV ejection fraction and no or mild
LV dilatation can participate in all competitive sports
if they have normal exercise tolerance on exercise
testing (Class I; Level of Evidence C).
4. Athletes with mild to moderate degrees of AR with
normal LV ejection fraction and moderate LV dilatation (LVESD <50 mm [men], <40 mm [women], or
<25 mm/m2 [either sex]) can reasonably participate
in all competitive sports if they have normal exercise tolerance on exercise testing (Class IIa; Level of
Evidence C).
5. It may be reasonable for athletes with severe AR, LV
ejection fraction ≥50% (stage C1), and LVESD <50
mm (men), <40 mm (women), or <25 mm/m2 (either
sex) to participate in all competitive sports if they
have normal exercise tolerance, and Doppler echocardiography indicates no progression of AR severity or severity of LV dilatation (Class IIb; Level of
Evidence C).
6. It may be reasonable for athletes with AR and aortic
dimensions of 41 to 45 mm to participate in sports
with low risk of bodily contact (Class IIb; Level of
Evidence C).
7. Athletes with severe AR and symptoms (stage D),
LV systolic dysfunction with ejection fraction <50%
(stage C2), LVESD >50 mm or >25 mm/m2 (stage C2),
or severe increase in LVEDD (>70 mm or ≥35.3 mm/
m2 [men], >65 mm or ≥40.8 mm/m2 [women]) should
not participate in competitive sports (Class III; Level
of Evidence C).

Bicuspid Aortic Valves
Bicuspid aortic valve is present in 1% to 2% of the population1,2 and is the marker of connective tissue abnormalities that
affect both the aortic valve and aorta. That patients with bicuspid aortic valves are at increased risk for AS and AR is well
known, but these patients are also at increased risk for aortic
enlargement and aortic dissection, although the absolute risk
for these events is quite small,1,12 and it is not known whether
restriction of physical activity limits the risk or the rate of aortic enlargement or dissection.
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Evaluation
Patients with bicuspid aortic valves should undergo echocardiography to evaluate both aortic valve function and the size of
the aortic sinuses and ascending aorta. The Task Force 7 report11
in this document contains recommendations for sports participation in athletes with bicuspid aortic valves and dilated aortas.

Mitral Valve Disease
Mitral Stenosis
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The pathogenesis of mitral stenosis (MS) is almost always
rheumatic. Most patients with significant MS will be sufficiently symptomatic during exercise that participation in
competitive sports is not an issue, but patients with mild to
moderate MS may be asymptomatic even with strenuous
exercise. MS rarely causes sudden death; however, exercise
(with an increase in heart rate and cardiac output) can cause
sudden marked increases in pulmonary capillary and pulmonary artery pressures, at times resulting in sudden acute
pulmonary edema.13 Furthermore, the long-term effect of
repeated exertion-related increases in pulmonary artery
wedge and pulmonary artery pressures on the lungs or right
ventricle is unknown, nor is the effect of even periodic
strenuous exercise on the likelihood of developing atrial
fibrillation. When atrial fibrillation occurs, even patients
with mild MS must receive anticoagulation therapy. The
above considerations must be understood by the patient
and the family in considering participation in strenuous
competitive activity. Another problem associated with MS
is systemic embolization, which occurs most commonly in
the presence of atrial fibrillation, but there is no evidence
that this potential complication is provoked by strenuous
exercise.
Clues regarding the hemodynamic severity of MS may
often be obtained from the history and physical examination, but accurate noninvasive assessment of severity requires
2-dimensional and Doppler echocardiography in the majority
of patients. MS is categorized as severe when the mitral valve
area is <1.5 cm2, which corresponds to a mean transmitral
gradient of 5 to 10 mm Hg at normal resting heart rates.1 The
mean pressure gradient is highly dependent on the transvalvular flow and diastolic filling period and will vary greatly
with increases in heart rate during exercise. A mean transmitral gradient >15 mm Hg or pulmonary artery wedge pressure
> 25 mm Hg during exercise is indicative or significant MS.
Evaluation
In patients with MS and minimal or no symptoms who wish
to engage in competitive sports, exercise stress testing should
be performed to at least the level of activity that approximates
the exercise demands of the sport, particularly when there is a
question as to the severity of the MS. In addition, pulmonary
artery systolic pressure during exercise can be estimated noninvasively by Doppler echocardiography and may be helpful
in making a decision as to how much activity is safe, even if
the severity of MS in an individual patient is estimated to be
only mild.1

Recommendations
1. Athletes with MS should be evaluated annually to
determine whether sports participation can continue
(Class I; Level of Evidence C).
2. Exercise testing to at least the level of activity achieved
in competition and the training regimen is useful in
confirming asymptomatic status in patients with MS
(Class I; Level of Evidence C).
3. It is reasonable for athletes with mild MS (mitral
valve area >2.0 cm2, mean gradient <10 mm Hg at
rest) in sinus rhythm to participate in all competitive
sports (Class IIa; Level of Evidence C).
4. Athletes with severe MS (mitral valve area <1.5 cm2)
in either sinus rhythm or atrial fibrillation should not
participate in competitive sports, with the possible
exception of low-intensity (class IA) sports (Class III;
Level of Evidence C).
5. Patients with MS of any severity who are in atrial
fibrillation or have a history of atrial fibrillation, who
must receive anticoagulation therapy, should not
engage in any competitive sports involving the risk of
bodily contact (Class III; Level of Evidence C).

Mitral Regurgitation
Mitral regurgitation (MR) has a variety of possible causes,
the most common of which in an athletic population is mitral
valve prolapse (myxomatous mitral valve disease). Other
common causes are rheumatic heart disease, infective endocarditis, and connective tissue diseases (such as Marfan syndrome). Secondary forms of MR can develop in patients with
coronary artery disease and dilated cardiomyopathy because
of tethering of the mitral leaflets and restricted leaflet closure.
The recommendations outlined in this section are for athletes
with primary valvular MR rather than MR secondary to coronary artery disease or other conditions that cause LV dilation
or systolic dysfunction.
MR is detected by the characteristic systolic murmur,
confirmed and quantified by Doppler echocardiography.1,5
The severity of the MR is related to the magnitude of the
regurgitant volume, which results in LV dilation and increases
in left atrial pressure and volume. The majority of people
with mild or moderate MR are asymptomatic (stage B). The
increased LV diastolic volume enhances total LV stroke volume enough to accommodate the regurgitant volume and to
maintain the forward stroke volume within normal limits.
The low impedance presented by regurgitation into the left
atrium unloads the left ventricle during ventricular systole,
such that measures of LV pump function, such as ejection
fraction, tend to overestimate true myocardial performance.14
For purposes of this discussion, LV systolic dysfunction in
subjects with MR is defined as LV ejection fraction <60%
or LVESD >40 mm.1 As with AR, the distinction between
LV dilation caused by athletic training versus that caused
by severe MR is difficult when the LVEDD is <60 mm
(or <40 mm/m2). However, LVEDD measurements >60 mm
strongly suggest the presence of severe MR and perhaps the
need for surgical mitral valve repair and thus warrant further
investigation.
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In general, exercise produces no significant change or a
mild decrease in the regurgitant fraction because of reduced
systemic vascular resistance. However, patients with elevation
of heart rate (increased systolic ejection time per minute) or
blood pressure with exercise may manifest marked increases
in regurgitant volume and pulmonary capillary pressures.
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Evaluation
Athletes with MR should undergo yearly physical examinations, Doppler echocardiograms, and exercise stress testing
to at least the level of activity that approximates the exercise demands of the sport. In addition, pulmonary artery
systolic pressure during exercise can be estimated noninvasively by Doppler echocardiography and may be helpful in
making a decision as to how much activity is safe, particularly in athletes with greater severity of MR.1 In patients
with MR secondary to previous infective endocarditis or
ruptured chordae, the valve tissues theoretically could be
further damaged or torn by marked sustained increases in
LV systolic pressure, and thus, the recommendations below
should be tempered in patients with these mechanisms of
MR.

Recommendations
1. Athletes with MR should be evaluated annually to
determine whether sports participation can continue
(Class I; Level of Evidence C).
2. Exercise testing to at least the level of activity achieved
in competition and the training regimen is useful in
confirming asymptomatic status in patients with MR
(Class I; Level of Evidence C).
3. Athletes with mild to moderate MR who are in sinus
rhythm with normal LV size and function and with
normal pulmonary artery pressures (stage B) can
participate in all competitive sports (Class I; Level of
Evidence C).
4. It is reasonable for athletes with 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
[LVEDD <60 mm or <35 mm/m2 in men or <40 mm/
m2 in women]) to participate in all competitive sports
(stage B) (Class IIa; Level of Evidence C).
5. Athletes with severe 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 [LVEDD <60 mm or <35.3 mm/m2
in men or <40 mm/m2 in women]) can participate
in low-intensity and some moderate-intensity sports
(classes IA, IIA, and IB) (stage C1) (Class IIb; Level
of Evidence C).
6. Athletes with MR and definite LV enlargement
(LVEDD ≥65 mm or ≥35.3 mm/m2 [men] or ≥40
mm/m2 [women]), pulmonary hypertension, or any
degree of LV systolic dysfunction at rest (LV ejection fraction <60% or LVESD >40 mm) should not

participate in any competitive sports, with the possible exception of low-intensity class IA sports (Class
III; Level of Evidence C).
7. Athletes with a history of atrial fibrillation who
are receiving long-term anticoagulation should not
engage in sports involving any risk of bodily contact
(Class III; Level of Evidence C).

Athletic Participation After
Cardiac Valve Surgery
Despite advances in cardiac surgery, the long-term mortality
after valve replacement surgery is greater than that of a normal
population of similar age. A transvalvular gradient of varying
severity is present in most patients after valve replacement,
which may be aggravated during exercise.1,15 Moreover, after
implantation of a mechanical prosthesis, which is common in
young patients requiring valve replacement, chronic anticoagulation is required. These considerations are important in
determining an athlete’s suitability for competition after valve
replacement. In patients who have undergone aortic valve
repair or, more commonly, mitral valve repair, a different set
of issues regarding the risks of physical trauma during athletic
competition must be considered.
In assessing the athlete’s capacity for physical activity
after valve surgery, exercise stress testing to at least the level
of activity performed in the competitive sport is valuable. In
some cases, assessment of prosthetic valve function during
exercise will also provide useful information.

Recommendations
1. It is reasonable for athletes with aortic or mitral bioprosthetic valves, not taking anticoagulant agents,
who have normal valvular function and normal LV
function to participate in low-intensity and some
moderate-intensity competitive sports (classes IA, IB,
IC, and IIA) (Class IIa; Level of Evidence C).
2. Athletes with aortic or mitral mechanical prosthetic
valves taking anticoagulant agents with normal valvular function and normal LV function can reasonably participate in low-intensity competitive sports if
there is low likelihood of bodily contact (classes IA,
IB, and IIA) (Class IIa; Level of Evidence C).
3. It is reasonable for patients with MS who have undergone successful percutaneous mitral balloon valvotomy or surgical commissurotomy to participate
in competitive sports based on the residual severity
of the MS or MR and pulmonary artery pressures at
rest and with exercise (Class IIa; Level of Evidence C).
4. Athletes who have undergone mitral valve repair
for MR or surgical aortic valve repair, have no or
mild residual AR or MR, and have normal LV systolic function may be considered for participation in
sports at the discretion of the managing physician if
there is low likelihood of bodily contact (classes IA,
IB, and IIA) (Class IIa; Level of Evidence C).
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A

n elevation of blood pressure (BP) in the systemic circulation (hypertension) is the most common cardiovascular
condition in the general population and considered to be the
most ubiquitous cardiovascular risk factor in competitive athletes. Competitive athletes include those athletes involved in
organized sports that typically occur in schools, communities,
and professional leagues, including but not limited to intramural and league sports in which medical supervision is typically
required. Although most competitive athletes are between the
ages of 20 and 40 years, many younger people now participate
in competitive athletics. The 2013 update from the American
Heart Association using the National Health and Nutrition
Examination (NHANES) data from 2007 to 2010 estimates
that 9.1% of men aged 20 to 34 years and 6.7% of women
of that age are hypertensive, based on having an elevated BP
measurement or answering “yes” to the question, “Are you
taking antihypertensive medication or were you told that you
had hypertension?”1 The prevalence in children and adolescents is estimated to be ≈3.5%, with higher percentages in

older and obese children.2 The diagnosis of hypertension is
based on the subject having an elevated BP at or above certain
levels measured by routine sphygmomanometry under appropriate conditions on at least 2 separate occasions separated by
at least 1 week.3 However, BP measurements in the competitive athlete are typically obtained by different healthcare providers, which makes it particularly necessary that the testing
conditions be standardized before the diagnosis of hypertension is made. People >18 years of age with a BP >140 mm Hg
systolic and/or >90 mm Hg diastolic are considered to have
hypertension.3 In children and adolescents, hypertension is
defined as average systolic or diastolic BP levels greater than
the 95th percentile for sex, age, and height; however, earlier
physical maturation of the competitive athlete leaves open to
question when an adult age criterion for hypertension should
be applied to the adolescent.4 In determining the level of competitive athletic activity that a hypertensive person may engage
in, it is also important to determine the degree of hypertension-related target-organ damage. Although hypertension has
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been associated with an increased risk for complex ventricular
arrhythmias and sudden death, this cardiovascular risk factor
per se has not been implicated in sudden death in young competitive athletes.5 For the general population, increased levels
of noncompetitive recreational physical activity are generally
regarded as beneficial. With physical activity, BP typically
falls, the incidence of hypertension drops,6,7 and protection
against stroke is afforded.8 Those who are hypertensive derive
protection from both all-cause and cardiovascular mortality
by maintaining higher levels of cardiorespiratory fitness.9

Assessment of BP
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BP should be accurately measured in all people who wish to
participate in competitive athletics before they begin training. BP should be measured by standard techniques, using
the guidelines listed in the Table. It is common in young athletes to have their BP measured with an inappropriately sized
BP cuff because of their often larger (>33 cm) midarm circumference. In these people, BP measured this way is often
spuriously increased and results in unnecessary referrals to
clinicians for evaluation and consideration of antihypertensive
Table. Guidelines for Clinic (or Office) BP Measurement
Posture
 BP 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 BP is recorded.
Circumstances
 No caffeine should be ingested during the hour preceding the reading, and
no smoking during the 30 min preceding the reading.
 A quiet, warm setting should be available for BP measurements.
Equipment
 Cuff size
  The bladder should encircle and cover at least 80% of the length of the
arm; if it does not, use a larger cuff. If bladder is too short, misleadingly
high readings may result.
Manometer
 Use a validated electronic (digital) device, a recently calibrated aneroid or
mercury column sphygmomanometer.
Technique
 Number of readings
  On each occasion, take at least 2 readings, separated by as much time
as is practical. If readings vary by >10 mm Hg, take additional readings
until 2 consecutive readings are within 10 mm Hg.
  If the arm pressure is elevated, take the measurement in 1 leg to rule out
aortic coarctation (particularly in patients <30 y of age).
  Initially, take pressures in both arms; if the blood pressures differ, use the
arm with the higher pressure.
  If the initial values are elevated, obtain 2 other sets of readings at least
1 wk apart.
Performance
  Inﬂate the bladder quickly to a pressure 20 mm Hg above the systolic
BP, as recognized by the disappearance of the radial pulse; deﬂate the
bladder at 2 mm Hg/s.
  Record the Korotkoff phase I (appearance) and phase V (disappearance)
sounds. If the Korotkoff sounds are weak, have the patient raise the arm,
then open and close the hand 5–10 times, and then reinﬂate the bladder
quickly.
BP indicates blood pressure.

therapy. Also, there are often discrepancies between in-office
and out-of-office BP measurements. For example, elevations
induced by anxiety related to the medical examination are
seen in young people concerned about the potential negative consequences of the examination. Anxiety-related BP
elevations may be marked by elevations in heart rate, which
further complicates the interpretation of the physical examination findings. In such instances, it is advisable to obtain
unbiased and more comprehensive information through the
use of 24-hour ambulatory BP monitoring. In some people,
extremely high BPs may occur on a single measurement. In
this type of patient, ambulatory BP monitoring would help to
further stratify the athlete’s risk of hypertension at present or
in the future if borderline values were obtained. Ambulatory
BP measurement in people with elevated exercise BP values
improves the prediction of left ventricular hypertrophy (LVH)
by echocardiography and development of sustained hypertension according to 1 study with an 8-year follow-up.10

Evaluation
All people who are diagnosed as hypertensive, whether competitive athletes or not, need a thorough but directed history
and physical examination with a minimal number of laboratory tests. The history should be sure to determine whether
the person has a family history of hypertension or cardiovascular disease, symptoms suggestive of a pheochromocytoma
(paroxysmal hypertension, headache, diaphoresis, and palpitations) or if he or she uses nonsteroidal anti-inflammatory
agents or street drugs, especially cocaine or amphetamines.
Use of nonsteroidal anti-inflammatory agents is particularly
common among competitive athletes, who often have minor
injuries for which these analgesic agents are beneficial and
available without a prescription. Amphetamines are used to
increase mental alertness and decrease fatigue.11 Participation
in certain extracurricular activities, such as high-contact sports,
may influence male participants to misuse prescription stimulants as performance enhancers either on or off the playing
field. However, the use of these agents is not more common in
competitive athletes than in the general population. Although
anabolic steroid abuse is becoming increasingly uncommon in
athletes in competitive sports, an analysis of existing evidence
suggests that chronic anabolic steroid use does have a negative
impact on lipoproteins and BP in athletes.12
The physical examination should be used to look for clues
to an identifiable cause of hypertension (so-called secondary
hypertension) such as abdominal bruits, which may indicate
the presence of renal artery stenosis and renovascular hypertension, or a cushingoid body habitus or abdominal striae
suggesting adrenocortical hormonal excess. The laboratory
tests should also be limited to assessing the presence of other
cardiovascular risk factors such as dyslipidemias, glucose
intolerance, and diabetes mellitus, and particularly chronic
renal disease, a problem common among young black men
and that is often asymptomatic until its later stages. All competitive athletes should have a lipid profile (total cholesterol,
high-density lipoprotein cholesterol, and serum triglycerides)
performed; fasting serum glucose, electrolytes, and hemoglobin measured; and urinary protein estimated by dipstick.3,13
Although it is usually recommended that a lipid profile and
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glucose determination should be obtained after at least a
9-hour fast, this may be logistically difficult. Having the blood
drawn in the athletes in a fasting state may not be feasible in
most circumstances, and it may be more reasonable to obtain
the samples when convenient and only repeat the test in the
fasting state when it is abnormal.13
A 12-lead ECG is recommended but not mandated to
ascertain the presence of LVH or conduction abnormalities,
although the yield will be small. In those people with stage
2 hypertension (a systolic BP >160 mm Hg or a diastolic
BP >100 mm Hg) or who have a suggestion of target-organ
damage on history or physical examination, a screening echocardiogram is advisable to distinguish physiological hypertrophy attributable to physical exercise (athlete’s heart) versus
pathological LVH from hypertension. Athletes with normal
(or physiological) hypertrophy have echocardiographic and
other imaging evidence of increased posterior and septal wall
thicknesses with normal cavity chamber size accompanied
by normal rates of left ventricular filling during diastole14; in
contrast, hypertrophy caused by hypertension, although having similar structural findings, has both impaired rates of left
ventricular filling and slow isovolumic relaxation times.15 If
needed, the pathophysiology of cardiac hypertrophy attributable to physiological causes versus pathophysiological causes
(hypertension) can be discriminated with echocardiography
using Doppler imaging or magnetic resonance imaging as a
tertiary methodology. People with larger body size and blacks
may have an increase in wall thicknesses on echocardiography, which should be correlated with ECG, clinical signs and
symptoms, and family history before they are advised against
participation in competitive sports. It is rare for physiological
increased left ventricular wall thicknesses to exceed 13 mm
and indicates the advisability of a referring the patient for further evaluation for hypertrophic cardiomyopathy with ECG,
clinical assessment, and family history. Of note, LVH is more
prevalent in blacks and is an independent predictor of diminished cardiovascular survival.16 The ECG is widely available,
inexpensive, and has high specificity but poor sensitivity for
detection of LVH; however, the combination of an abnormal
ECG, any signs and symptoms of heart disease, and a positive
family history for premature cardiac death warrants further
evaluation. Cardiac stress testing is not warranted unless there
are symptoms that occur with maximal exercise. The competitive athlete need not routinely require orthostatic BP determinations unless the athlete is symptomatic in the upright
position in a volume replete state.
In an adolescent or young adult (ie, <25 years of age) with
stage 2 hypertension, it may be appropriate to refer this person
for further evaluation and therapy to a cardiologist or hypertension specialist. The workup for secondary forms of hypertension and proper pharmacological management is often
outside the scope of general pediatricians and family practitioners who might otherwise be seeing these athletes.

Effects of Exercise on BP
Both systolic and diastolic BP rise during resistance (static
or isometric) exercise, and strenuous aerobic or resistance

exertion may precipitate myocardial infarction and sudden
death in susceptible, untrained people. In the long term, both
systolic and diastolic BPs are lower with aerobic (dynamic)
exercise and remain lower for up to 24 hours.17 In a person
with normal BP at rest, a rise in systolic BP to >200 mm Hg
during an exercise treadmill test may suggest underlying
hypertension. This person may benefit from further investigation, including 24-hour ambulatory BP monitoring, to document true sustained hypertension.18 A hypertensive responsive
to exercise testing may also indicate an independent risk for
cardiovascular events and mortality.19

Recommendations
1. It is reasonable that the presence of stage 1 hypertension in the absence of target-organ damage
should not limit the eligibility for any competitive
sport. Once having begun a training program, the
hypertensive athlete should have BP measured
every 2 to 4 months (or more frequently, if indicated) to monitor the impact of exercise (Class I;
Level of Evidence B).
2. Before people begin training for competitive athletics, it is reasonable that they undergo careful assessment of BP, and those with initially high levels (>140
mm Hg systolic or >90 mm Hg diastolic) should
have comprehensive out-of-office measurements to
exclude errors in diagnosis. Ambulatory BP monitoring with proper cuff and bladder size would be
the most precise means of measurement (Class I;
Level of Evidence B).
3. Those with prehypertension (BP of 120/80 mm Hg–
139/89 mm Hg) should be encouraged to modify
their lifestyles but should not be restricted from
physical activity. Those with sustained hypertension
should have screening echocardiography performed.
Athletes with LVH beyond that seen with “athlete’s
heart” should limit participation until BP is normalized by appropriate antihypertensive drug therapy
(Class IIa; Level of Evidence B).
4. It is reasonable that athletes with stage 2 hypertension (a systolic BP >160 mm Hg or a diastolic BP
>100 mm Hg), even without evidence of target-organ
damage, should be restricted, particularly from
high static sports, such as weight lifting, boxing, and
wrestling, until hypertension is controlled by either
lifestyle modiﬁcation or drug therapy (Class IIa;
Level of Evidence B).
5. When prescribing antihypertensive drugs, particularly diuretic agents, for competitive athletes, it is
reasonable for clinicians to use drugs already registered with appropriate governing bodies and if
necessary obtain a therapeutic exemption (Class IIa;
Level of Evidence B).
6. 
When hypertension coexists with another cardiovascular disease, it is reasonable that eligibility for
participation in competitive athletics is based on the
type and severity of the associated condition (Class
IIa; Level of Evidence C).
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A

cute aortic dissection or rupture in Marfan syndrome or
other aortopathies is an important cause of sudden death
in athletes.1 Increased blood pressure and aortic stress during
intense physical exertion place the patient with Marfan syndrome, Loeys-Dietz syndrome, familial thoracic aortic aneurysm (TAA) and dissection syndrome, bicuspid aortic valve
(BAV) aortopathy, aortic aneurysm, or other genetically triggered aortic diseases at risk for aortic catastrophe from aortic
dissection or rupture or may accelerate aneurysm formation.
Therefore, for people with aortic disease or a condition associated with aortic disease, discussion about safe levels of
low-intensity, noncompetitive exercise should be emphasized
beginning at a young age. This is important for a healthy lifestyle and to prevent social stigmatization, which may occur
when physical activity is restricted excessively in young people.
Marfan syndrome, an autosomal dominant disorder of
connective tissue with an estimated prevalence of 1 in 5000
to 10 000, is caused by abnormal fibrillin-1 attributable to

mutations in the FBN1 gene.2 Manifestations involve multiple
organ systems, including the aorta, heart and valves, skeleton,
eye, lungs, and dura. FBN1 mutations can be identified in the
vast majority of patients satisfying the revised Ghent criteria
for Marfan syndrome.2 The diagnosis of Marfan syndrome
is made by use of clinical criteria, imaging, family history,
and genetic testing as outlined in the revised Ghent criteria
(Tables 1 and 2).2 Cardiovascular features of Marfan syndrome
include mitral valve prolapse, mitral regurgitation, aortic root
dilatation (most pronounced at the sinuses of Valsalva), and
aortic dissection.2 The descending aorta, although less commonly involved in young patients, is also at risk for aneurysm
formation and dissection.
Other genetically triggered aortic aneurysm syndromes and
conditions associated with aortopathy may increase the risk of
aortic dissection in competitive athletes. Loeys-Dietz syndrome
is caused by mutations in TGFBR1 and TGFBR2 and is characterized by craniofacial features, arterial tortuosity, and aneurysms
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Table 1. Revised Ghent Criteria for the Diagnosis of Marfan
Syndrome
In the absence of a family history of Marfan syndrome, any of the following:
1. Dilated aorta (z score >2) and ectopia lentis = Marfan syndrome*
2. Dilated aorta (z score >2) and FBN1 mutation = Marfan syndrome
3. Dilated aorta (z score >2) and systemic score >7 (see Table 2) = Marfan
syndrome*
4. Ectopia lentis and FBN1 associated with known aortic dilatation = Marfan
syndrome
In the presence of a family history of Marfan syndrome, any of the following:
5. Ectopia lentis and family history of Marfan syndrome = Marfan syndrome
6. Systemic score >7 and family history of Marfan syndrome = Marfan
syndrome*
7. Dilated aorta (z score >2 at age ≥20 y; z score >3 at <20 y of age)
and family history of Marfan syndrome = Marfan syndrome*
Downloaded from http://circ.ahajournals.org/ by guest on November 14, 2016

*Caveat: Without discriminating features of another connective tissue
disorder such as Loeys-Dietz syndrome, vascular Ehlers-Danlos syndrome,
or Shprintzen-Goldberg syndrome, and after mutation analysis for TGFBR1,
TGFBR2, TGFB2, SMAD3, SKI, COL3A1, or other genes as appropriate. Other
genes/conditions will emerge with time.
Modified with permission from Loeys et al.2 Copyright © 2010, British
Medical Journal Publishing Group.

of the aorta and branch vessels, as well as increased risk of dissection at relatively small arterial dimensions.3 Vascular EhlersDanlos syndrome, caused by mutations in COL3A1, is associated
with dissection and rupture of the aorta and branch vessels, even
at relatively normal arterial dimensions.
Table 2. Scoring of Systemic Features in the Marfan
Syndrome*
Feature

Points

Wrist and thumb sign

3

Wrist or thumb sign

1

Pectus carinatum deformity

2

Pectus excavatum or chest asymmetry

1

Hindfoot deformity

2

Plain pes planus

1

Pneumothorax

2

Lumbosacral dural ectasia

2

Protrusio acetabuli

2

Reduced upper-segment to lower-segment ratio (<0.85 in white
adults; <0.78 in black adults) and increased arm span–to-height
ratio (>1.05) and no severe scoliosis

1

Scoliosis or thoracolumbar kyphosis

1

Reduced elbow extension

1

Facial features (3 of 5): dolichocephaly, enophthalmos, down-slanting
palpebral fissures, malar hypoplasia, retrognathia

1

Skin striae

1

Myopia (>3 diopters)

1

Mitral valve prolapse

1

Maximum total, 20 points; score >7 indicates systemic involvement.
*A detailed explanation of the systemic score and nosology may be found at
http://www.marfandx.org.
Modified with permission from Loeys et al.2 Copyright © 2010, British
Medical Journal Publishing Group.

TAA or dissection may be familial and is inherited as an
autosomal dominant trait with decreased penetrance and variable
expression. Mutations in several genes have been recognized as
causing TAA disease, including ACTA2, TGFBR1, TGFBR2,
FBN1, MYH11, SMAD3, MLCK, and TGFB2. Familial TAA
syndromes may be associated with cerebral aneurysms or BAV;
some patients have nonvascular manifestations.4,5
BAV, which affects ~1% of the general population, may
be associated with dilatation of the aortic root or ascending
aorta.6 BAV with or without TAA may be familial, and the
specific gene loci responsible are yet to be determined. The
prevalence of BAV in first-degree relatives of a person with
BAV has been demonstrated to be ~9%.6 Cystic medial degeneration and abnormal aortic wall stress accompany BAV aortic
disease independent of the valvular lesion.6 BAV with aortic
aneurysm is a risk factor for aortic dissection.7 The risk of
aortic dissection differs among genetically triggered aortopathies, being higher in those with Loeys-Dietz syndrome and
Marfan syndrome than in BAV aortopathy.

Measuring the Aortic Root
and Ascending Aorta
The ascending aorta may be divided into 2 segments, the aortic
root and the upper ascending aorta. The aortic root begins at
the aortic valve, includes the sinuses of Valsalva, and extends
to the sinotubular junction. The upper portion of the ascending
aorta begins at the sinotubular junction and rises to join the
aortic arch. The normal aortic root diameter is dependent on
multiple factors, including age, sex, body size, location of the
aortic measurement, particular type of imaging modality used,
and accuracy of measurement ascertainment.4,8 In adults,
aortic diameters are larger in men than in women by 1 to 3
mm, whereas studies in children have not consistently demonstrated a sex difference in aortic diameter when corrected
for body surface area (BSA).8 Ascending aortic dimensions in
adults are also related to age, sex, and BSA.9
Variability in the measured aortic diameter may result
from the type of imaging modality used, whether contrast
is used, and whether internal or external aortic diameters
are recorded. For example, transthoracic echocardiographic
nomograms have reported aortic root diameters using sinusto-sinus measurements from a leading-edge technique at end
diastole,10 whereas z-score determinations validated in children have used maximal end-systolic diameter at the sinuses
of Valsalva using inner-edge–to–inner-edge measurements.11
Measurements should be taken perpendicular to the axis of
blood flow and should include the largest measured aortic
diameter (whether at the sinuses of Valsalva or the ascending aorta).4 Images taken from echocardiography, computed
tomography (CT), or magnetic resonance imaging may overestimate the true aortic diameter if oblique slices are obtained.
CT and magnetic resonance imaging measurements from
sinus to commissure are generally smaller than echocardiographic measurements from sinus to sinus.8 CT or magnetic
resonance imaging techniques are used when the extent of
aortic enlargement is not adequately or completely visualized by the echocardiogram. Imaging techniques that avoid
or minimize radiation are recommended whenever possible,
particularly when serial assessment is anticipated. Regardless
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Expected aortic root size : 2.423 + ( age [ years] × 0.009 )
+ ( BSA [square meters] × 0.461)

− ( sex [1 = man, 2 = woman ] × 0.267 );
standard error of estimate = 0.261 cm
z Score =
(observed aortic root size – expected aortic root size) / 0.261
For example, a 22-year-old man with a BSA of 2.0 m2 has
an aortic root diameter of 4.1 cm at the sinuses of Valsalva.
Thus, his expected aortic root size is calculated as follows:
2.423 + ( 22 × 0.009 ) + ( 2.0 × 0.461) − 0.267 = 3.276
4.1 ( observed aortic root size )
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− 3.28 ( expected aortic root size ) = 0.824
Figure. Schematic of the aortic root showing measurement of
the aortic root diameter at maximum width parallel to the aortic
annular plane by American Society of Echocardiography leadingedge convention (arrows). AO indicates aorta; LA, left atrium; and
LV, left ventricle. Reproduced with permission from Devereux
et al.8 Copyright © 2012, Elsevier Inc.

of which imaging technique is used, it is important that serial
measurements be made at the same location by the same
method for appropriate clinical correlation.
Older nomograms that predict normal and abnormal aortic
dimensions are limited by such factors as failure to account for
sex differences, limited age ranges of subjects studied (especially teenagers), marked jumps in “normal” aortic diameter
based on age-range strata, and the use of small sample sizes.8,10
z Scores
Notably, z scores that incorporate height, weight, age, and sex
are now preferred for determination of normal aortic diameter
as opposed to a single aortic dimension.8 The z score describes
how many standard deviations above or below a size or agespecific population mean a given measurement lies.12 They are
especially useful for evaluation of cardiac dimensions in the
young, whose normal values change during growth.
Aortic dilatation is recognized when the difference
between the observed sinus of Valsalva diameter and the value
predicted for age, sex, and BSA (z score) is >2.0, which corresponds to approximately the 98th percentile of the general
population.8 A z score of 3 corresponds to the 99.9th percentile.
Mild, moderate, and severe aortic dilatation may be defined by
z-score values of 2 to 3, 3.01 to 4.0, and >4.0, respectively.8,13
Reference values for ascending aortic diameter assessed by
echocardiography are also available from large databases.14
A formula for calculating aortic sinus of Valsalva diameter
z scores was derived recently from a data set of 1207 healthy
subjects >15 years old, in whom aortic root diameter ranged
from 2.1 to 4.3 cm.8 Aortic dimensions were calculated by
echocardiogram at end diastole from sinus to sinus using a
leading-edge–to–leading-edge technique (Figure). z Scores
are calculated from this database using the following equation8 (online-only Data Supplement aortic z-score calculator):

0.824 / 0.261 ( standard error of estimate ) = 3.16
Thus, the z score is 3.16, which is significantly abnormal
for this patient.

Aortic Dimensions in Athletes
Intense physical exertion is associated with hemodynamic
changes that increase aortic wall tension and may increase
aortic dimension.15–17 Chronic intense weight training may
influence aortic dimension.18 Furthermore, elite athletes have
slightly larger aortas at the sinuses of Valsalva than nonathletic control subjects.19 Although mild aortic enlargement may
be a normal adaptation to intense training, large increases in
aortic size are unusual in athletes and when present are more
consistent with an underlying pathological aortopathy, which
may be exacerbated by exercise training.19

Tall Athletes
Although increasing BSA is associated with larger aortic diameters, there is a nonlinear relationship, with a plateau, between
aortic root dimensions and height (>189 cm or 74.5 inches in
men; >175 cm or 69 inches in women) and BSA (>2.3 m2) in
very tall people.20 A small proportion of athletes will have an
aortic dimension slightly greater than the diameter considered
to be at the upper limits of normal (ie, >2 standard deviations
above the mean, or z score >2).15,16 Therefore, it is important
to avoid attributing the enlarged aorta in tall (or large) athletes
solely to height, BSA, or a physiological response to exercise.19
Mild aortic dilation in an athlete should trigger evaluation to
determine whether an underlying aortopathy is present and
whether the aortic size conveys an increased risk to the athlete.
We underscore that for athletes with aortic z scores above
the normal range for age, sex, and BSA (ie, z score >2 to 2.5),
evaluation by a knowledgeable specialist, and often by a multidisciplinary team that includes a medical geneticist and cardiologist, is recommended to exclude an underlying disorder
associated with aortic dilatation (such as Marfan syndrome,
familial TAA syndrome, or BAV disease). Indeed, systemic
features of some disorders may be subtle and often overlap
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with those in the general population. Referral to a specialized
center with expertise in the clinical and genetic evaluation of
genetic aortic disease may be necessary in some instances. In
selected cases, we recognize that it may not be possible to
distinguish pathological aortic dilatation from a nonpathological aortic size when the aortic measurement mildly exceeds
the normal range in very tall people or in those with large
BSA, especially when there is only a single evaluation at only
1 point in time.

Outcome and Risk of Aortic
Dissection and Rupture
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There is a paucity of data examining the long-term outcome of
athletes with unexplained aortic dilatation.16,17 Of 2317 Italian
athletes, 17 males (ages 25±7 years; height 188±10 cm; BSA
2.17±0.25 m2) had aortic diameters >40 mm and were allowed
to continue participation.16,17 Over an 8±5 year follow-up, the
aortic root increased mildly in diameter from 40.9±1.3 to
42.9±3.6 mm in these 17 athletes, and none experienced acute
aortic dissection. Two athletes had progressive aortic dilation
to 50 mm by ages 38 and 50 years, respectively.17
The risk of aortic dissection in the general population is
related to many factors, foremost of which is the severity of
aortic dilation, and is sometimes triggered acutely by heavy
weight lifting or strenuous exercise, including competitive
sports.21-22a However, some patients with acute aortic dissection do not have a markedly dilated aorta at the time of
dissection.23,24 In a series of 177 patients without the Marfan
syndrome phenotype or BAV who incurred an acute type A
dissection, aortic diameter was <50 mm in 42% and <45 mm
in 21% at the time of dissection. Furthermore, 12% of women
had a dissection at an aortic diameter <40 mm.23 Similarly,
in the International Registry of Acute Aortic Dissection, 40%
of acute type A dissections occurred with aortic diameters
<50 mm.24 There is no evidence that β-blockers, angiotensin
receptor blockers, or angiotensin-converting enzyme inhibitors protect athletes from aortic dissection or rupture during
intense competitive sports.
There are no prospective data available regarding the risks
of competitive athletics in patients who have undergone surgical correction for aortic aneurysm or dissection; however,
after aortic root replacement, patients with Marfan syndrome,
Loeys-Dietz syndrome, and familial TAA disease remain at
risk for distal aortic complications.3,5,25,26 Additionally, BAV
aortopathy may involve aortic segments distal to the root.27

Prior Recommendations for Athletes
The 36th Bethesda Conference Report (2005) recommended
that athletes with “unequivocal aortic root enlargement”
(therein defined as >40 mm in adults, >2 standard deviations
beyond the mean for BSA in children and adolescents, or a
z score of >2) only participate in low-intensity competitive
sports (class IA sports).28 Characterizing an aortic diameter
of >40 mm as enlarged in males is an arbitrary but also useful
definition, because very few apparently healthy young male
athletes have been reported with aortic root diameters >40
mm.17,19 For example, in a study of >2000 Italian athletes, the
99th percentile value of aortic diameter by echocardiogram
was 40 mm in males and 34 mm in females.16 In a Japanese

study, only 6 of 1562 male athletes (0.38%) had an aortic root
dimension >40 mm, and 2 of these also had phenotypic features of the Marfan syndrome.29 In an evaluation of >1000
female Italian athletes, the 99th percentile for aortic size at the
sinuses of Valsalva was 34 mm, and no woman had an aortic
diameter >36 mm.16,17
Guidelines for participation in competitive sports have
been lacking for those patients with mildly dilated aortic
dimensions (ie, z scores of 2–2.5, or 1–2 mm above the normal
ranges described above) and no diagnosis of an underlying
connective tissue disorder, family history of aortic disease, or
pathogenic gene mutation associated with aneurysm disease.17
In this situation, there are difficult individual choices regarding sports participation to be made on a case-by-case basis.
Discussion with the athlete, parents (when appropriate), and
coaches/trainers should include full disclosure and transparency regarding the potential risks of further training and competition. For instance, the mildly dilated aorta may represent a
pathological aortic condition, and the aorta may dilate further
with continued exercise and athletic participation, or it may
dilate years later. In such a person, absence of a pathogenic
genetic mutation does not exclude risk. Furthermore, although
the absolute risk of aortic dissection or rupture in this clinical
situation is unknown, it is not zero. If participation in competitive sports is continued, close aortic surveillance (ie, every
6–12 months) with echocardiography or magnetic resonance
angiography (MRA) should be performed to assess aortic
dimension.17 The frequency of imaging is dependent on the
absolute size of the aorta, the z score, stability of the aortic
size, and the intensity of the sport. In the athlete with a mildly
dilated aorta, continued aortic enlargement should not be
regarded as physiological but rather consistent with an underlying aortopathy; disqualification from competition should
result if the aorta continues to enlarge. Because some athletes
identified with only a mildly dilated aortic root have required
aortic aneurysm surgery several years later, long-term aortic
surveillance is recommended even after engagement in the
competitive athletic lifestyle has terminated.17,29

Recommendations
1. 
Athletes with Marfan syndrome should undergo
echocardiographic (and in some instances MRA or
CT) measurement of the aortic root dimension every
6 to 12 months, depending on aortic size (Class I;
Level of Evidence C).
2. 
Athletes with unexplained TAA, familial TAA syndrome, or known pathogenic mutation leading to
a familial TAA syndrome (ACTA2, MYH11, FBN1,
TGFBR1, TGFBR2, MLCK, SMAD3, TGFB2, and others) should undergo echocardiographic and (depending on the diagnosis) MRA or CT surveillance every
6 to 12 months to evaluate for progression of aortic or
branch vessel disease (Class I; Level of Evidence C).
3. 
Athletes with aortic dimensions mildly above the
normal range (z scores 2–2.5 or aortic root diameters
measuring 40–41 mm in tall men or 36–38 mm in tall
women) and no features of Marfan syndrome, LoeysDietz syndrome, or familial TAA syndrome should
undergo echocardiographic or MRA surveillance
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every 6 to 12 months, with imaging frequency dependent on aortic size and stability of measurements
(Class I; Level of Evidence C).
4. Athletes with BAV can participate in all competitive
athletics if the aortic root and ascending aorta are
not dilated (ie, z score <2, or <2 standard deviations
from the mean, or <40 mm in adults). The function
of the BAV (whether stenotic or regurgitant) is also
important in determining participation recommendations (see Task Force 5 on valvular heart disease30)
(Class I; Level of Evidence C).
5. Athletes with BAV and aortic dimensions above the
normal range (scores 2–3 or aortic diameters measuring 40–42 mm in men or 36–39 mm in women)
should undergo echocardiographic or MRA surveillance of the aorta every 12 months, with more frequent imaging recommended for increasing aortic z
score (Class I; Level of Evidence C).
6. It is reasonable for athletes with Marfan syndrome to
participate in low and moderate static/low dynamic
competitive sports (classes IA and IIA; see definition
of sports classification in Task Force 1 report31) if they
do not have ≥1 of the following (Class IIa; Level of
Evidence C):
a. Aortic root dilatation (ie, z score > 2, or aortic
diameter >40 mm, or >2 standard deviations from
the mean relative to BSA in children or adolescents <15 years old
b. Moderate to severe mitral regurgitation
Left ventricular systolic dysfunction (ejection
c. 
fraction <40%)
d. Family history of aortic dissection at an aortic
diameter <50 mm
7. It is reasonable for athletes with an unexplained TAA,
familial TAA syndrome, or known pathogenic mutation
leading to familial TAA syndrome (ACTA2, MYH11,
FBN1, TGFBR1, TGFBR2, MLCK, SMAD3, TGFB2,
and others) to participate in low static, low dynamic
competitive sports (class IA) if they do not have ≥1 of
the following (Class IIa; Level of Evidence C):
a. Aortic root dilatation (ie, score >2, or aortic diameter >40 mm, or >2 standard deviations from the
mean relative to BSA for children and adolescents
<15 years old)
b. Moderate to severe mitral regurgitation
c. Family history of aortic dissection
d. Cerebrovascular disease
e. Branch vessel aneurysm or dissection
8. It is reasonable for athletes with Loeys-Dietz syndrome or vascular Ehlers-Danlos syndrome to participate in low static, low dynamic sports (class IA)
if they do not have any of the following (Class IIa;
Level of Evidence C):
a. Aortic enlargement (score >2) or dissection, or
branch vessel enlargement
b. Moderate to severe mitral regurgitation
Extracardiac organ system involvement that
c. 
makes participation hazardous

9. It is reasonable for athletes with surgical correction of
the aortic root or ascending aorta for aneurysm disease or dissection and no evidence of residual aortic
enlargement or dissection to participate in low static,
low dynamic sports (class IA) that do not include the
potential for bodily collision (Class IIa; Level of evidence C).
10. For athletes with a BAV and a mild to moderately
dilated aorta (score 2–3.5 or aortic root or ascending aortic diameters measuring 40–42 mm in men
or 36–39 mm in women) and no features of associated connective tissue disorder or familial TAA syndrome, participation in low and moderate static and
dynamic competitive sports with a low likelihood of
significant bodily contact (classes IA, IB, IC, IIA,
IIB, and IIC) may be considered. For these athletes,
avoidance of intense weight training should be considered (Class IIb; Level of Evidence C).
11. For athletes with aortic dimensions mildly above the
normal range (scores 2–2.5 or aortic root diameters
measuring 40–41 mm in tall men or 35–37 mm in
tall women) and no features of Marfan syndrome,
Loeys-Dietz syndrome, familial TAA syndrome, or
BAV, participation in all competitive athletics may
be considered after a comprehensive evaluation for
an underlying genetic condition associated with aortopathy is performed. This may include analysis for
mutations in FBN1 and other genes associated with
aortopathies in certain circumstances (Class IIb;
Level of Evidence C).
12. For athletes with aortic dimensions mildly above the
normal range (scores 2–2.5 or aortic root diameters
measuring 40–41 mm in tall men or 35–37 mm in
tall women) and no features of Marfan syndrome,
Loeys-Dietz syndrome, familial TAA syndrome, or
BAV, avoidance of intense weight training may be
considered (Class IIb; Level of Evidence C).
13. For athletes with a BAV and a dilated aorta measuring 43 to 45 mm, participation in low-intensity
competitive sports (class IA) with a low likelihood of
bodily contact may be considered (Class IIb; Level of
Evidence C).
14. Athletes with Marfan syndrome, familial TAA syndrome, Loeys-Dietz syndrome, unexplained aortic
aneurysm, vascular Ehlers-Danlos syndrome, or a
related aortic aneurysm disorder should not participate in any competitive sports that involve intense
physical exertion or the potential for bodily collision
(Class III; Level of Evidence C).
15. Athletes with BAV and a severely dilated aorta (score
>3.5 to 4 or >43 mm in men or >40 mm in women)
should not participate in any competitive sports that
involve the potential for bodily collision (Class III;
Level of Evidence C).
16. Athletes with BAV and a markedly dilated aorta (>45
mm) should not participate in any competitive sports
(Class III; Level of Evidence C).
Athletes with chronic aortic dissection or branch
17. 
vessel arterial aneurysm or dissection should not
participate in any competitive sports (Class III; Level
of Evidence C).
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A

bridging, and coronary dissection, as well as infection such as
Kawasaki disease, vasculitis, and cardiac transplant vasculopathy, may also cause acute cardiac events during exercise. The
present section makes recommendations on how to evaluate
patients with disease of the coronary arteries and make appropriate recommendations for athletic competition. Anomalous
coronary arteries are considered in the Task Force 4 report.2
We searched PubMed for English language articles reporting exercise-related issues related to coronary diseases. This
search produced no clinical trials examining how competitive athletes with coronary artery diseases should be advised
regarding vigorous exercise in general or athletic competition
in particular. Consequently, the following recommendations
are based on case series, case reports, and consensus among
the committee members.

therosclerotic coronary artery disease (ASCAD) is the
leading cause of sudden cardiac death (SCD) and acute
myocardial infarction (AMI) in adult athletes, variously
defined as people older than age 30, 35, or 40 years.1 ASCAD
can occur in younger athletes who have inherited hyperlipidemia. For many adults, SCD or AMI is the first manifestation
of ASCAD, because most of these acute events are caused by
coronary plaque disruption and acute coronary thrombosis in
plaques that were previously not sufficiently narrowed to have
caused ischemia, even during intense exercise.1 There is universal agreement that vigorous exercise, such as athletic competition, acutely, albeit transiently, increases the risk of SCD
and AMI in previously healthy people.1 Vigorous exercise also
transiently increases the risk for SCD and AMI in people with
diagnosed ASCAD. These events may be caused by plaque disruption, but SCD in these patients may also be produced by
malignant arrhythmias caused by demand ischemia or originating in areas of myocardial scar.1 In addition to ASCAD, other
coronary conditions such as coronary vasospasm, myocardial

Atherosclerotic Coronary Artery Disease
Patients with ASCAD can be divided into clinically manifest
or symptomatic and clinically concealed or asymptomatic
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subgroups. The former have either experienced an acute cardiac event or have symptoms consistent with inducible myocardial ischemia, or they have findings of ischemia identified
by a diagnostic testing modality such as exercise testing with
or without adjunctive nuclear or echocardiographic imaging.
This group includes those with “silent ischemia” who have no
symptoms but have ischemia documented by provocative testing. Patients with clinically concealed ASCAD are presently
and previously asymptomatic and are diagnosed as having
ASCAD by the presence of coronary artery calcification on
computerized tomography or by the presence of noncalcified
plaque by coronary computed tomography angiography but
do not have evidence of ischemia on provocative testing.
Evaluation and recommendations for patients with
ASCAD are based on the following assumptions: (1) The risk
of an acute exertion-related cardiac event is greater in those
who have had a previous acute cardiac syndrome and lower in
those whose ASCAD is clinically silent and was diagnosed by
such techniques as coronary artery calcification scanning or
computed tomography angiography. (2) The risk of an acute
exertion-related cardiac event increases with increasing extent
of coronary artery disease, reduced left ventricular systolic
function, the presence and extent of ischemia, and increased
electrical instability. Unstable or “vulnerable” plaques are
often lipid rich,3 so it is also likely that the risk of an exertionrelated plaque disruption can be reduced by aggressive lipidlowering treatment, which has been shown to reduce the lipid
content of atherosclerotic plaques.4 (3) Patients with clinically
manifest ASCAD should strongly consider deferring their
possible return to athletic competition to permit lesion regression and regression of lipid from the plaque. The length of this
delay is not defined, but some have suggested 2 years, because
substantial lesion regression has been documented to occur
within 2 years of aggressive lipid management.5

Recommendations
1. 
Athletes with ASCAD should undergo maximal
exercise testing to evaluate exercise tolerance, the
presence of inducible ischemia, and the presence of
exercise-induced electrical instability. Testing should
be performed on the subject’s standard medical regimen, including β-adrenergic blocking medications
(Class I; Level of Evidence C).
2. Athletes with ASCAD should undergo an evaluation of left ventricular function (Class I; Level of
Evidence C).
3. Once informed of the results of the evaluations contained in recommendations 1 and 2, adult patients
with ASCAD should participate in the decision as
to whether the health and psychological benefits of
exercise for them outweigh the risk (Class I; Level of
Evidence C).
4. 
Athletes with ASCAD should undergo aggressive
risk factor reduction with high-intensity statin therapy to reduce the chance of plaque disruption6 (Class
I; Level of Evidence A).
5. It is reasonable for athletes with clinically concealed
ASCAD to participate in all competitive activities
if their resting left ventricular ejection fraction is

>50% and they have no inducible ischemia or electrical instability (Class IIb; Level of Evidence C).
6. It is reasonable for patients with clinically manifest ASCAD to participate in all competitive activities if their resting left ventricular ejection fraction
is >50%, they are asymptomatic, and they have no
inducible ischemia or electrical instability (Class IIb;
Level of Evidence C).
7. It is reasonable to restrict patients with clinically
manifest ASCAD that does not fulfill the criteria in
recommendation 6 to sports with low dynamic and
low to moderate static demands (Class IIb; Level of
Evidence C).
8. It is reasonable to prohibit patients with clinically
manifest ASCAD from competitive sport participation:
a. For at least 3 months after an AMI or coronary
revascularization procedure (Class IIb; Level of
Evidence C);
b. If they have increasing frequency or worsening
symptoms of myocardial ischemia (Class IIb;
Level of Evidence C).

Coronary Artery Spasm
Focal coronary artery spasm, usually in the presence of various
degrees of coronary atherosclerosis, is a defined but uncommon cause of life-threatening arrhythmias and SCD.7,8 It can
also be identified in the absence of identifiable atherosclerotic
lesions by provocation studies.9 Coronary artery spasm in its
classic form usually occurs with little or minimally obstructive coronary artery lesions. Although exercise-induced spasm
during stress testing has been documented, it is uncommon. In
most instances, it was induced during pharmacological stress
tests with either dobutamine or adenosine. Reports of cardiac
arrest survivors in whom coronary artery spasm has been
identified as the mechanism of cardiac arrest are limited,10
although the presence of coronary vasomotor spasm identifies people with a higher risk of sudden death than the general
population.11 However, susceptibility to spasm is not constant
over time, being dependent on the state of the endothelium.
Finally, there are also few data to suggest a specific propensity to coronary artery spasm and consequent arrhythmias in
competitive athletes. When coronary vasospasm is identified
or strongly suspected during exercise, treatment should be initiated with calcium blockers and nitrates to reduce the possibility of spasm and to control symptoms.

Recommendations
1. It is reasonable to restrict the small subset with silent
ischemia caused by coronary artery spasm who
have had documented life-threatening arrhythmias
and in whom the absence of clinical pain impedes
identification of an adequate response to therapy12
to sports with low dynamic and low to moderate
static demands (Class IIa; Level of Evidence C).
2. It is reasonable that athletes whose symptoms and
objective evidence of spasm can be controlled with
medications be allowed to participate in all levels of
competition (Class IIb; Level of Evidence C).
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Spontaneous Coronary Artery Dissection
Spontaneous coronary artery dissection refers to dissection
of the coronary arteries without underlying atherosclerosis.13
Spontaneous coronary artery dissection is associated with late
pregnancy and the peripartum state, female hormonal therapy,
Marfan syndrome, exercise, chest trauma,13 and fibromuscular
dysplasia.14 It is a rare cause of exercise-related cardiac events
but should be considered in any young person who develops
an acute cardiac syndrome during vigorous exercise or after
sports-related chest trauma.

Recommendation
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1. There are insufficient data to provide definitive recommendations for sports participation, but because
spontaneous dissection can occur with exertion, it
is reasonable that patients with prior spontaneous
coronary artery dissection be restricted to participation in sports with low to moderate dynamic and
low to moderate static demands (Class IIa; Level of
Evidence C).

Myocardial Bridging
Myocardial bridging is diagnosed when a portion of a major
epicardial coronary artery is completely covered by myocardium. Myocardial bridging is commonly observed by angiography as coronary artery compression during systole. It is
usually asymptomatic and of no clinical consequence but has
been rarely associated with exercise-induced ischemia and
exercise-related acute cardiac events.15 Pathological studies
suggest that vessels whose tunneled length is long and deeper
than 3 mm beneath the epicardium create the greatest vulnerability for cardiac events.

Recommendations
1. It is reasonable for athletes with myocardial bridging and no evidence of myocardial ischemia during
adequate stress testing to participate in all competitive sports (Class IIa; Level of Evidence C).
2. 
It is reasonable to restrict athletes with myocardial bridging of an epicardial coronary artery and
objective evidence of myocardial ischemia or prior
myocardial infarction to sports with low to moderate
dynamic and low to moderate static demands (Class
IIa; Level of Evidence C).
3. It is reasonable to restrict athletes who have undergone
surgical resection of the myocardial bridge or stenting
of the bridge to low-intensity sports for 6 months after
the procedure. If such athletes have no subsequent evidence of ischemia, they may participate in all competitive sports (Class IIa; Level of Evidence C).

Kawasaki Disease
Kawasaki disease is an acute febrile illness of unknown pathogenesis that is among the leading causes of acquired heart
disease in children. Kawasaki disease can produce coronary
artery aneurysms that predispose to myocardial ischemia,
myocardial infarction, and SCD. Aneurysms can be divided by
their internal diameter into small (<1.5 times normal, or <5

mm), moderate (1.5–4 times normal, or 5–8 mm), and large
(>4 times normal, or >8 mm) aneurysms.16 Prompt recognition and treatment of the acute phase of Kawasaki disease can
reduce the cardiac complications, but 20% of untreated people
and 4% of those treated with aspirin and intravenous immunoglobulin still develop coronary artery aneurysms.17 Risk scores
for prediction of coronary artery aneurysm development are
imperfect, and the broad use of intravenous immunoglobulin is
recommended. Ongoing surveillance of patients after the acute
phase is recommended, including serial stress tests in those
patients with manifest coronary artery disease.18 Treatment of
coronary artery aneurysms with antiplatelet agents, anticoagulant agents, or myocardial revascularization must be considered
in evaluating decisions about a patient’s return to competition.

Recommendations
1. Patients with ≥1 large coronary aneurysms should
continue antiplatelet therapy and possibly anticoagulant therapy. It is also reasonable for annual stress
tests to be performed and activity to be guided by
results, similar to adults with ASCAD (Class I; Level
of Evidence C).
2. Patients with myocardial infarction or revascularization should follow the guidance for adults with
ASCAD (Class I; Level of Evidence A).
Collision sports should be avoided in patients
3. 
undergoing antiplatelet therapy (Class I; Level of
Evidence C).
In the absence of exercise-induced ischemia or
4. 
arrhythmias, it is reasonable for patients to participate in low- to moderate-intensity static and
dynamic competitive sports. Patients with persistent small to medium-sized aneurysms in ≥1 coronary arteries should continue antiplatelet therapy
and undergo ongoing surveillance (Class IIa; Level
of Evidence C).
Patients with no coronary aneurysms during the
5. 
convalescent phase and with no exercise-induced
ischemia or arrhythmias may be considered for participation in all sports starting 8 weeks after the illness has resolved (Class IIb; Level of Evidence C).
6. 
Patients with transient coronary aneurysms and
with no exercise-induced ischemia or arrhythmias
may be considered for participation in all sports 8
weeks after illness resolution. Risk reassessment is
recommended at 3- to 5-year intervals or according
to current guidelines (Class IIb; Level of Evidence C).

Coronary Vasculitis
Coronary vasculitis attributable to causes other than Kawasaki
disease may affect competitive athletes of any age but is rare.
These diseases include polyarteritis nodosa, Takayasu arteritis, Buerger disease, and other specific and nonspecific forms
of coronary arteritis.16 SCD has been reported in previously
healthy young people with unsuspected coronary vasculitis at
autopsy.17 In a series of 50 cases of SCD associated with nonatherosclerotic coronary pathology (12 of whom died during
or immediately after physical exertion), 6 of the 50 (12%) had
autopsy evidence of coronary vasculitis.18
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There is no evidence that athletes are predisposed to coronary vasculitis at rates higher than the general age-corrected
population or that the course of these athletes’ disease is any
different from that of the general population. There is no
information in the medical literature to suggest care of the
athlete should differ.

Our literature search did not detect any reports of exerciserelated cardiac events in cardiac transplant recipients either
because transplant vasculopathy is not associated with the
same increase in exercise events as classic atherosclerosis or
because too few transplant patients have participated in competitive events to highlight this issue.

Recommendations

Recommendations

1. Athletes who have recovered from coronary vasculitis can participate in all sports without restriction
(Class I; Level of Evidence C).
2. 
Athletes with coronary vasculitis are likely at
increased risk for acute cardiac events during training or competition. It is reasonable to restrict participation in sports until the vasculitis has resolved
(Class IIa; Level of Evidence C).
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Cardiac Transplant Coronary Vasculopathy
The coronary arteries of orthotopic transplanted hearts develop
a diffuse vasculopathy that is the leading cause of death in
transplant recipients. Because the transplanted heart is initially denervated, recipients require surveillance, because they
may not experience classic symptoms of cardiac ischemia.

1. The transplant cardiologist should make the final
recommendations for athletic participation for
cardiac transplant recipients (Class I; Level of
Evidence C).
2. It is reasonable for cardiac transplant recipients
participating in competitive athletics to 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 regimen (Class IIa; Level of
Evidence C).
3. It is reasonable for cardiac transplant recipients with
an ejection fraction >50%, no evidence of cardiac
ischemia, and no electrical instability to participate
in all competitive activities commensurate with their
exercise tolerance (Class IIa; Level of Evidence C).
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A

broad range of variations in heart rates and rhythms, specific cardiac arrhythmias, and atrioventricular (AV) and
intraventricular conduction disturbances are observed in athletes.
Although most are common among nonathletes as well, the special circumstances and pressures related to athletic performance
demand a high level of attention. The distinction between normal variants, often exaggerated by the specific physiology of the
conditioned athlete, and arrhythmias that may be symptomatic
or life-threatening may be significant challenges.

sinus bradycardia will exhibit periods of low atrial or junctional escape rhythms with rates of 40 to 60 bpm. This is a
normal phenomenon, and these will become suppressed with
exercise-induced increases in the sinus rate.
Evaluation of the athlete with sinus bradycardia includes a
careful history to determine whether the athlete has symptoms
related to the bradycardia. In addition, physical examination
and an ECG are warranted, with selective use of additional
tests such as an echocardiogram and exercise stress test if
underlying structural heart disease is suggested. Stress testing
can also be used to verify a normal rate response to exercise,
if judged to be necessary. The same approach applies to the
sinus arrhythmia commonly observed in the athlete. Generally,
asymptomatic sinus pauses or sinus arrest (<3 seconds) are
not considered clinically significant unless accompanied by
symptoms. Pauses of longer duration may fall within the
spectrum of physiological responses to athletic conditioning;
however, when accompanied by symptoms, sinus bradycardia,

Bradycardia
Sinus Bradycardia
Sinus bradycardia, defined as a sinus rate <60 beats per minute (bpm), is common in the athlete.1 Generally, it is attributed to enhanced vagal tone caused by conditioning and is
thus physiological. Occasionally, heart rates can be as slow
as 30 to 40 bpm at rest in the highly conditioned athlete and
decrease to <30 bpm during sleep. Some athletes with marked
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sinoatrial exit block, and sick sinus syndrome with pauses at
the termination of a supraventricular tachycardia (SVT) are
considered abnormal. Athletes with symptoms potentially
associated with these arrhythmias should have an ECG,
24-hour ambulatory monitoring, and an exercise test. Clinical
assessment for structural heart disease and noninvasive assessment of sinus node function with ambulatory monitoring and
stress testing are also appropriate in symptomatic patients or
those with resting heart rates <30 bpm or pauses >3 seconds.
Invasive electrophysiology studies (EPS) play a very limited role in the assessment of sinus node function. An athlete
with symptoms related to sinus bradycardia caused by high
vagal tone related to training should restrict athletic training
and have clinical reassessment of symptoms and sinus node
function.1 Patients with symptomatic bradycardia not responsive to other measures such as deconditioning or the withholding of nonessential medications that are contributing to the
bradycardia may need to be treated with a permanent pacemaker, although this is very rarely needed in the athlete.2,3

Recommendations
1. Athletes with sinus bradycardia, sinus exit block,
sinus pauses, and sinus arrhythmia without symptoms can participate in all competitive athletic
activities unless otherwise excluded by underlying
structural heart disease or other arrhythmias (Class
I; Level of Evidence C).
2. Athletes with symptomatic bradycardia should be
evaluated for structural heart disease and be treated
for the bradycardia, generally by an implanted pacemaker. They should be restricted from training and
athletic competition while being evaluated. If treatment of the bradycardia eliminates symptoms, they
can participate in athletic training and competition
unless otherwise excluded by structural heart disease
or other arrhythmias (Class I; Level of Evidence C).

AV Block
Athletes with AV block should be assessed for symptoms
attributable to the block with a history and for any underlying
structural heart disease with a cardiovascular examination and
ECG. Other tests, including an echocardiogram, ambulatory
monitoring, exercise stress test, and invasive EPS, should be
used in a selective fashion.

First-Degree AV Block
In asymptomatic athletes with structurally normal hearts who
have first-degree AV block identified on a preparticipation
or other incidental ECG, the PR interval will shorten during
a stress test in most cases. However, stress testing is rarely
necessary for the evaluation of an athlete with a PR interval
<0.3 second and a normal QRS duration. An echocardiogram
is not necessary unless the cardiovascular examination or
ECG suggests structural heart disease. If the QRS complex is
abnormal, or the PR interval is excessively prolonged (≥0.3
second), an exercise stress test, 24-hour ambulatory monitor,
and echocardiogram are warranted. EPS is rarely necessary
but might be performed in selected cases, such as those with

exercise-induced AV block suspected of having type II AV
block, to determine the site and duration of conduction delay
(AV node or intra-His/infra-His) and ensure that the patient is
not at risk for progression to higher-degree block that would
cause symptoms. Patients with congenitally corrected transposition of the great arteries can exhibit first-degree AV block
with very little else on physical examination.

Recommendations
1. Asymptomatic athletes with no structural heart disease and first-degree AV block (PR interval <0.3 ms)
can participate in all competitive sports unless there
are findings that indicate that the person is at risk for
progression to higher-degree block that would symptoms (Class I; Level of Evidence C).
2. Asymptomatic athletes with first-degree AV block, in
whom type I second-degree AV block appears with
exercise, should be evaluated further for possible
intra-His or infra-His block with EPS (Class I; Level
of Evidence C).
3. If structural heart disease is present, athletic restrictions
should be recommended as appropriate for the type of
structural heart disease (Class I; Level of Evidence C).

Type I Second-Degree (Wenckebach) AV Block
Wenckebach type I AV nodal block can be present in otherwise
normal, well-trained endurance athletes. Type I second-degree
AV block (ie, Wenckebach) is observed more commonly during sleep in athletes than in the daytime when they are awake.
Athletes should be assessed for symptoms attributable to the
block and for any underlying structural heart disease with an
echocardiogram. In asymptomatic or symptomatic athletes
with Wenckebach block, a history, physical examination,
ECG, echocardiogram, and exercise stress test may be considered. If the QRS complex is abnormal, or the shortest PR
interval is excessively prolonged (≥0.3 second), 24-hour ECG
recording or other ambulatory monitor is warranted. EPS is
rarely necessary but might be performed in highly selected
cases to determine the site and duration of conduction delay
and ensure that the patient is not at risk for progression to
higher-degree block that would cause symptoms.

Recommendations
1. Asymptomatic athletes with structurally normal
hearts and Wenckebach AV block (type I seconddegree AV block) with improvement in conduction
with exercise or recovery can participate in all competitive sports (Class I; Level of Evidence C).
2. Asymptomatic athletes with structurally abnormal
hearts with improvement in Wenckebach AV block
with exercise can participate in all competitive sports,
unless there are restrictions based on heart disease
(Class I; Level of Evidence C).
3. Athletes with Wenckebach AV block that does not
improve with exercise should be evaluated with an
EPS for intra-His or infra-His block that may require
pacemaker therapy (Class I; Level of Evidence C).
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4. In athletes with Wenckebach AV block and coexisting
bundle-branch block or with any indication that they
are at risk for progression to higher-degree AV block,
EPS should be performed to identify the presence of
intra–His-Purkinje or infra–His-Purkinje block that
may require pacemaker therapy (Class I; Level of
Evidence C).

Type II Second-Degree (Mobitz) AV Block
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Type II second-degree (Mobitz) AV block is abnormal in athletes. Athletes with type II second-degree AV block should be
assessed with a history, physical examination and echocardiogram regardless of symptoms. In addition, it is important
to distinguish 2:1 Wenckebach physiology at the level of the
AV node from true Mobitz type II AV block. This can usually
be achieved by a stress test, but EPS may be required in rare
cases. Generally, Mobitz type II second-degree AV block is
considered an indication for a permanent pacemaker.2,3 The
recommendations for evaluation and treatment of Mobitz type
II second-degree AV block are the same as those for acquired
complete heart block below.

Recommendations
1. Athletes with Mobitz type II second-degree AV block
with a wide QRS, including isolated right bundlebranch block (RBBB) should receive a permanent
pacemaker (Class I; Level of Evidence C). Restrictions
for athletic participation for those with pacemakers are in the section on “Athletes With Permanent
Pacemakers.”
2. Permanent pacemaker implantation is reasonable for
athletes with asymptomatic Mobitz type II seconddegree AV block with a narrow QRS (Class IIa; Level
of Evidence C).

Complete RBBB
Athletes with a complete RBBB should have a cardiac evaluation
with a history, physical examination, ECG, echocardiogram, and
stress test. Ambulatory monitoring and EPS can be used in a very
selective fashion in patients with documentation of symptoms
possibly attributable to progression to type II second-degree AV
block or complete heart block.4 Progression is more likely if
left anterior fascicular block accompanies the RBBB.

Recommendation
1. Athletes with RBBB, who do not develop periods of
type II second-degree AV block or complete heart
block spontaneously or during exercise and who have
no symptoms or heart disease identified by appropriate testing that otherwise precludes participation,
can participate in all competitive athletics (Class I;
Level of Evidence C).

Complete Left Bundle-Branch Block
Athletes with a complete left bundle-branch block
(LBBB) should have a cardiac evaluation with a history,

physical examination, ECG, echocardiogram, and stress test.
Ambulatory monitoring and EPS can be useful in patients
with documentation of, or symptoms possibly attributable to,
progression to type II second-degree AV block or complete
heart block. Acquired LBBB may be associated with syncope
from paroxysmal AV block. In patients with syncope or presyncope, an invasive EPS should be strongly considered to
exclude intra-Hisian or infra-Hisian block. In contrast, ratedependent LBBB in the absence of symptoms or structural
heart disease may be benign, but long-term data are lacking.
However, because rate-dependent LBBB, particularly if at
slow rates, often occurs in the presence of structural heart
disease, a more complete evaluation is necessary to exclude
the latter.5

Recommendations
1. Athletes with permanent or rate-dependent LBBB
who do not develop spontaneous type II seconddegree AV block (Mobitz) or complete heart block
and who have no symptoms or heart disease identified by appropriate testing that otherwise precludes
participation, can participate in all competitive athletics (Class I; Level of Evidence C).
2. In athletes with concerning symptoms, an EPS is recommended. An athlete with a normal HV interval
and a normal AV conduction response to pacing can
participate in all competitive sports unless otherwise
restricted by their structural heart disease (Class I;
Level of Evidence C).
3. Athletes with abnormal AV conduction characterized
by an HV interval >90 ms or a His-Purkinje block
should have pacemaker implantation (Class I; Level
of Evidence C).

Congenital High-Grade or Complete Heart Block
Athletes with congenital complete heart block, and the rare
cases of congenital advanced type II second-degree heart
block, should be evaluated with a history, physical examination, ECG, echocardiogram, 24-hour ambulatory monitor, and
exercise stress test. The exercise stress test protocol should be
to maximum level of performance to assess ability to exercise to a level comparable to the relevant athletic activity. In
recent years, there has been a trend to implant pacemakers in
all patients with congenital complete heart block because of
concern of evolution of left ventricular dysfunction and heart
failure over time.6,7

Recommendations
1. Asymptomatic athletes without heart disease who
have a junctional escape rhythm that has a QRS
duration <120 ms, resting ventricular rates >40 bpm
that increase appropriately with exertion, and exercise capacity that approximates that of the relevant
sport can participate in athletic activity without
restriction (Class I; Level of Evidence C).
2. Athletes with symptomatic heart block, resting ventricular rates <40 bpm, or ventricular escape rhythm
with a QRS width >120 ms should have a pacemaker
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implanted before they participate in competitive
sports. Before athletes are allowed to resume sports,
an exercise test should be conducted to ensure patient
safety and that the exercise capacity of the athlete is
similar to that required for the relevant sport (Class
I; Level of Evidence C).
3. Athletes with structural heart disease and congenital
complete heart block should be restricted from, or
allowed to participate in, competitive athletics based
on the recommendations for the type of structural
heart disease with or without a permanent pacemaker (Class I; Level of Evidence C).

Acquired Complete Heart Block
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Athletes with acquired complete heart block should be evaluated with a history, physical examination, ECG, echocardiogram, and additional diagnostic testing as is clinically
appropriate. Acquired complete heart block, unless caused by
completely reversible factors, is an indication for placement of
a permanent pacemaker.2,3

Recommendations
1. Athletes with acquired complete heart block should
have a permanent pacemaker placed regardless of
symptoms, type of structural heart disease, and exercise capacity unless the heart block is attributable to
completely reversible causes and resolves completely
(Class I; Level of Evidence C).
2. Athletes with structural heart disease and acquired
complete heart block should be restricted from, or
allowed to participate in, athletic activities based on
the recommendations for the type of structural heart
disease (Class I; Level of Evidence C).
3. Before athletes with a permanent pacemaker are
allowed to engage in athletic activities, an exercise
test should be conducted to ensure that the exercise
capacity of the athlete is similar to that required by
the relevant sport (Class I; Level of Evidence C).

Athletes With Permanent Pacemakers
Many of the patterns of bradycardia and AV conduction variants observed in athletes do not require consideration of pacemaker therapy, but a few of the conditions described have
clear indications. The presence of a pacemaker is not an automatic impediment to clearance for athletic participation. The
presence or absence of underlying structural heart disease,
level of pacemaker dependence, risk of damage to device, and
symptoms are relevant modifiers.

Recommendations
1. Generally, athletes with permanent pacemakers
should be cleared for athletic participation if there
are no limiting structural heart conditions or symptoms (Class I; Level of Evidence C).
2. Athletes who are completely pacemaker dependent
should not engage in sports in which there is a risk
of collision that could result in damage to the pacemaker system (Class I; Level of Evidence C).

3. Athletes treated with a pacemaker who are not pacemaker dependent may participate in sports with a
risk of collision or trauma if they understand and
accept the risk of damage to the pacemaker system
and they have no structural heart disease that precludes participation (Class I; Level of Evidence C).
4. For athletes with permanent pacemakers, protective
equipment should be considered for participation in
contact sports that have the potential to damage the
implanted device (Class I; Level of Evidence C).

Supraventricular Tachycardia
SVTs are not more common in athletes than in the general population of a similar age distribution, with the possible exception of atrial fibrillation (AF).8,9 Treatment of these SVTs with
catheter ablation is likely to achieve a permanent cure and in
general is preferable to lifelong therapy with pharmacological
agents. SVT-associated symptoms include palpitations, weakness, lightheadedness, and occasionally syncope, all of which
may impair athletic performance, although the vast majority
of SVTs are not life threatening. Symptoms do not distinguish
between the different SVTs, and thus, a symptom-rhythm correlation is required. Rarely, a person with a sustained form of
SVT, such as atrial flutter (AFL) or AF, or more commonly in
young people, atrial or junctional tachycardias or the permanent form of junctional tachycardia, can present with a tachycardia-induced cardiomyopathy. The differential diagnosis of
SVTs in the athlete includes sinus tachycardia, although this
tachycardia should be relatively easily diagnosed by use of
resting ECGs.10

Atrial Fibrillation
There are some data suggesting that athletes are at increased
risk of AF, and in particular vagally mediated AF.8,9,11 Athletes
may be particularly prone to AF because of the high vagal tone
associated with extreme fitness, as well as cardiac remodeling,
which includes changes in chamber size and pressure. Other
causes, including fibrosis, inflammation, and sympathetic
discharge, can also play a role. All athletes with AF should
undergo a workup that includes thyroid function tests, ECGs,
echocardiograms, and queries for drug use, including performance-enhancing agents and illicit drugs. Athletes with AF
should be evaluated for hypertension and coronary artery disease. Further testing is warranted in some cases, including cardiac magnetic resonance imaging and stress testing. Patients
with underlying cardiac disease such as dilated cardiomyopathies, hypertrophic cardiomyopathy, Brugada syndrome,
and catecholaminergic ventricular tachycardia (VT) have an
increased risk of AF. AF in a child or adolescent athlete is
uncommon and should suggest a familial inheritance or the
presence of an accessory pathway.
The management options for AF in athletes include rate
control or rhythm control. Rate control, although an option,
may not be ideal for competitive athletes because of the
focus on performance and difficulty ensuring adequate rate
control during an athletic performance. A rhythm control
strategy is thus the preferred method of treatment in athletes.
Rhythm control can be achieved with antiarrhythmic agents
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or ablation procedures. Increasingly, ablation has shown a
sustained benefit, particularly in those with paroxysmal
AF in the presence of a normal heart, which would likely
be most athletes with AF12; however, longer-term observations are necessary to determine benefits over many years.
Antiarrhythmic drug therapy has efficacy and side effect
concerns, including proarrhythmic risk. In some cases, withdrawal from competitive sports or attempts at deconditioning
might be chosen. Conversely, some athletes may choose to
avoid any therapy and still participate because they tolerate
short episodes of AF during competition.
The other component of management is anticoagulation.
Most athletes will have a low risk of systemic thromboemboli
as manifested by a low CHADS2 score or a CHA2DS2-VASC
score of zero, and anticoagulation will rarely be necessary. If
anticoagulation is used, athletes should be restricted from participation in high-impact contact sports because of the bleeding risk.

Recommendations
1. Athletes with AF should undergo a workup that
includes thyroid function tests, queries for drug
use, ECG, and echocardiogram (Class I; Level of
Evidence B).
2. Athletes with low-risk AF that is well tolerated and
self-terminating may participate in all competitive
sports without therapy (Class I; Level of Evidence C).
3. In athletes with AF, when antithrombotic therapy,
other than aspirin, is indicated, it is reasonable
to consider the bleeding risk in the context of the
specific sport before clearance (Class IIa; Level of
Evidence C).
4. Catheter ablation for AF could obviate the need for
rate control or antiarrhythmic drugs and should be
considered (Class IIa; Level of Evidence B).

Atrial Flutter
AFL may also be more common in the athlete. The workup for
AFL is identical to that of AF: thyroid function tests, queries
for drug use, ECGs, and an echocardiogram. Anticoagulation
and rate control are also similar to that of AF. However, given
the high cure rates of ablation and the low complication risk,
AFL ablation should be the rhythm control strategy of choice
for those with typical cavotricuspid isthmus–dependent flutter.

Recommendations
1. Athletes with AFL should undergo an evaluation
that includes thyroid function tests, queries for drug
use, ECG, and echocardiogram (Class I; Level of
Evidence B).
2. Catheter ablation for typical AFL has a high likelihood of success and should be considered (Class I;
Level of Evidence B).
3. When anticoagulation, other than with aspirin, is
indicated in an athlete, it is reasonable to consider
the bleeding risk in the context of the specific sport
before clearance (Class IIa; Level of Evidence C).

AV Nodal Reentry Tachycardia, AV Reciprocating
Tachycardia, Atrial Tachycardia
These 3 tachycardias, AV nodal reentry tachycardia (AVNRT),
AV reciprocating tachycardia (AVRT), and atrial tachycardia
(AT), are considered together because of the many similarities they share,10 such as acute onset and termination, rates
between 150 and 250 bpm, a regular ventricular rhythm,
largely narrow QRS complex, and termination with adenosine. The latter is more likely to be effective in AVNRT and
AVRT than AT. In addition, AT can exhibit a progressive rate
increase at the onset and a gradual slowing before termination. The surface ECG may not reliably distinguish between
these 3, and both acute and long-term treatments for these 3
SVTs are similar. AVNRT occurs because of dual AV nodal
physiology; AVRT because of a bypass tract that allows conduction between the atria and ventricle other than via the AV
node; and AT because of microreentrant circuits, automatic
foci, and possibly triggered activity. The ECG in AT might
be confused with the permanent form of junctional tachycardia or atypical AVNRT because of a long RP interval, but it
is unlikely to be confused with AVRT and typical AVNRT,
which have a short RP interval. If preexcitation is present
on a surface ECG, then AVRT is likely; however, a definite
diagnosis often requires an invasive EPS. Occasionally, these
SVTs can present as a wide-complex tachycardia if a bypass
tract is present or if there is aberrant ventricular conduction
of RBBB or LBBB. Treatment options include β-adrenergic
blocking agents, nondihydropyridine calcium channel antagonists, multiple antiarrhythmic agents, and catheter ablation.
Given the high success rates of catheter ablation and the low
complication rate, catheter ablation is the treatment of choice
in this young healthy population.
There is no clear consensus regarding the asymptomatic
athlete with an ECG that demonstrates preexcitation. There
is concern regarding the increased but unquantifiable risk of
sudden cardiac death (SCD), most notably among athletes
with accessory pathways having short refractory periods that
allow very rapid ventricular rates during AF. A few studies
and opinions have advocated risk stratification for asymptomatic people with an ECG that shows preexcitation.13 A recent
consensus statement, endorsed by the Heart Rhythm Society
and the Pediatric and Congenital Electrophysiology Society,
recommends that people aged <21 years undergo initial stress
testing to determine whether there is sudden and complete
loss of preexcitation during exercise, which would denote low
risk because of an accessory pathway with a long refractory
period.14 If a person cannot be ascertained as being at low risk
by stress testing, then an invasive EPS is advocated, with ablation if the bypass tract has a high risk for SCD because of an
effective refractory period ≤250 ms.

Recommendations
1. Athletes with regular, acute-onset SVTs should
undergo cardiac assessment with ECG and echocardiogram (Class I; Level of Evidence B).
2. The treatment of choice for athletes with regular,
acute-onset, symptomatic SVTs should be catheter
ablation (Class I; Level of Evidence C).
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3. Athletes with short refractory period bypass tracts
capable of anterograde conduction and a history of
paroxysmal AF should have an ablation of the accessory pathway before clearance for competitive sports
because of risk for life-threatening arrhythmias
(Class I; Level of Evidence B).
4. In athletes with asymptomatic preexcitation, it is
reasonable to attempt risk stratification with stress
testing to determine whether the preexcitation
abruptly terminates at low heart rates. If low risk
is unclear, it is reasonable to recommend invasive
electrophysiological evaluation, with ablation of
the bypass tract if it is deemed high risk for SCD
because of a refractory period ≤250 ms (Class IIa;
Level of Evidence B).

Ventricular Arrhythmias
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A variety of ventricular arrhythmias can occur in competitive athletes across the age spectrum relevant to this document. Generally, the appearance of any ventricular arrhythmia
requires evaluation before clearance for participation in
athletic activities, but the level of workup depends on the
specific pattern of the arrhythmias, whether they are symptom-
provoking or not, and whether they occur in the presence of
structural, molecular, or inflammatory heart diseases.

Premature Ventricular Complexes
Premature ventricular complexes (PVCs) are most commonly
benign, but their appearance requires at least a minimal level
of evaluation before clearance. The major distinctions to be
made are whether they are isolated or occur in the presence
of a transient or chronic cardiac abnormality, as well as how
they respond to exercise.15 The minimal level of testing to
acquire prognostic information is a 12-lead ECG and exercise
stress test.16 In most instances, an echocardiogram will also
be performed to rule out a structural abnormality that cannot
be identified by either the ECG or stress test. Other imaging
studies can be considered, based on the circumstances of the
specific arrhythmias noted. These include computed tomography and magnetic resonance imaging for disorders such as
cardiomyopathies, anomalous coronary artery origins, and
subclinical myocarditis. In addition, a 24-hour ambulatory
monitor may be helpful in determining the frequency and
pattern of the arrhythmias. PVCs recorded at a frequency
of >2000 per 24 hours have a higher likelihood of association with underlying cardiac disease,15 estimated at 30% in
this subgroup. It is reasonable to conclude that palpitations
caused by PVCs in the absence of heart disease that occur
at rest, are suppressed with exercise, and are not accompanied by periods of nonsustained VT (NSVT; at most, PVC
couplets) are benign and should not limit full participation
in competitive physical activities.17 For the purpose of this
recommendation, multiform/multifocal single PVCs may be
equivalent to uniform/unifocal PVCs in terms of risk assessment, as in the case of other clinical settings.18 PVCs that
become more frequent or convert to runs of NSVT during
exercise should lead to further evaluation, depending on findings on the initial noninvasive testing.19

PVCs observed in the conditioned athlete without heart
disease may decrease on deconditioning and reappear with
reconditioning. This pattern does not indicate independently
heightened risk in the absence of other risk markers, and with
continued training, the frequency of ectopy decreases.20 There
may be as yet unrecognized implications for higher risk of
SCD associated with intense exercise in subjects in the general population who do not exercise regularly.21 This observation should be considered in deconditioned athletes who
immediately begin a very intense conditioning program.
Disorders that should be considered are structural abnormalities such as occult coronary artery disease and coronary
artery anomalies, including myocardial bridging, early evolution of hypertrophic cardiomyopathy, and arrhythmogenic
right ventricular cardiomyopathy. Athletes with persisting
frequent PVCs should remain under surveillance over time
for early evidence of development of PVC-induced cardiomyopathy. Annual cardiological evaluation is required in
athletes with PVCs >2000 per 24 hours.15 Contrast-enhanced
cardiac magnetic resonance may detect subtle changes seen
in hypertrophic cardiomyopathy and myocarditis.22 One
study suggests that electroanatomic mapping in athletes with
ventricular arrhythmias may identify evidence of subtle cardiomyopathies.23 The small number of subjects studied predominantly had sustained or NSVT or very frequent PVCs.
Molecular disorders possibly associated with increased
PVCs that should be considered are the various channelopathies, including long-QT syndrome and catecholaminergic polymorphic VT, and transient disorders such as a viral
myocarditis should be considered. If there is evidence for
the latter, the athlete should be retested after resolution of
myocarditis.

Recommendations
1. Athletes with single PVCs and complex forms no
greater than couplets at rest and during exercise testing without structural heart disease can participate
in all competitive sports. The exercise testing protocol should be based on maximal performance rather
than achieving 80% to 100% of the target heart rate
to come as close as possible to the level of exertion
achieved during their competitive sport (Class I;
Level of Evidence C).
2. Athletes with PVCs at rest that increase in frequency
during exercise or exercise testing and convert to
repetitive forms should have further evaluation by
appropriate imaging or monitoring strategies before
clearance for participation in high-intensity sports.
If uncontrollable exercise-induced arrhythmias produce symptoms of lightheadedness or near-syncope,
fatigue, or dyspnea, the athlete should be limited to
competitive sports below the level at which marked
frequency increase or symptoms evolved during testing (Class I; Level of Evidence C).
3. Athletes with defined structural heart disease who
are considered high risk based on the specific heart
disease and who have PVCs with or without treatment should be limited to low-intensity class IA competitive sports. This statement applies whether or not
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PVCs in this setting are suppressed by drug therapy
(Class I; Level of Evidence C). Some degree of risk
can still be present during class IA sports, however,
depending on the nature of the heart disease.
4. Ablation of PVCs may be considered in symptomatic patients with frequent PVCs resistant to medical
therapy (Class IIb; Level of Evidence C).

Nonsustained VT
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NSVT, defined as ≥3 consecutive PVCs up to a maximum duration of 30 seconds of repetitive activity that does not provoke
cardiovascular collapse, has a higher probability of reflecting
an underlying disorder than single PVCs.19 Nonetheless, short
runs of NSVT may be normal, but the potential for significant abnormalities must determine the workup and decision
making. NSVT may occur as monomorphic or polymorphic
forms. In general, patterns that are monomorphic and tend to
be slower (eg, <150 bpm) are more likely to be benign than
those that are polymorphic and faster. In all cases, the minimum workup should include a 12-lead ECG and stress test,
including echocardiography, either as part of the stress test or
separately. A 24-hour ambulatory monitor should also be conducted, with the patient instructed to perform his or her usual
levels of exercise with the monitor in place. The same limitations in regard to symptomatic worsening of the arrhythmias
that are described for PVCs apply to NSVT as well. Athletes
with NSVT at rest that is suppressed with exercise and who
have no evidence of structural heart disease, molecular/genetic
disorders, or transient abnormalities at the time of evaluation
can be cleared for competitive athletics without limitations.
If structural heart disease is identified, the athlete should be
limited to class IA competitive sports.

Recommendations
1. Athletes with a structurally normal heart and no
evidence of molecular/genetic or inflammatory disorders with suppression of the arrhythmia during
exercise can participate in competitive athletics at
any level. The exercise testing protocol should be
based on maximum performance rather than achieving 80 to 100% of the target heart rate to come as
close as possible to the level of exertion achieved during the athlete’s competitive sport. Consideration of
advanced therapy such as catheter ablation in an
attempt to cure the runs of NSVT is optional (Class I;
Level of Evidence C).
2. For athletes without structural heart disease who
have NSVT that is suppressed by drug therapy, especially β-blockers, documentation of both ambient and
exercise-induced NSVT should be required before
general clearance for participation in higher-level
competitive athletics. Specifically, the athlete should
not compete in sports with a classification greater
than IA unless it is documented by exercise testing
or electrophysiological testing that the arrhythmia
is no longer inducible under the circumstances in
which it was induced before therapy (Class I; Level
of Evidence C). β-Blockers might exacerbate exerciseinduced asthma.

3. Athletes with structural disorders or active myocarditis and documented NSVT should only participate
in low-intensity class IA sports. In the case of myocarditis, reevaluation is recommended after there
is clinical and laboratory evidence of healing of the
myocarditis, with return to athletics a minimum of
3 months after clinical resolution (Class I; Level of
Evidence C).

Sustained Monomorphic VT
Sustained monomorphic VT may be a benign arrhythmia, but
it has a higher probability of reflecting an underlying structural
disorder. Generally, the benign forms of sustained monomorphic VT appear at low levels of exercise and are suppressed
during higher levels, although catecholamine-dependent
forms of right ventricular outflow tract tachycardia may occur
with increasing physical stress. The forms that are present at
rest or at low levels of activity and are suppressed with greater
levels of activity do not require therapy if the patient is asymptomatic, whereas those that appear with exercise or appear to
be catecholamine dependent often respond to β-blocker therapy. In the absence of structural heart disease, athletes with
this pattern, particularly if relatively slow (<150 bpm during
peak activity) and asymptomatic, can be cleared to participate
in athletics without restrictions, but the workup to reach this
level of recommendation must be thorough, including stress
testing and appropriate imaging, particularly to exclude occult
heart disease. The prognosis for these patterns occurring at
faster rates (eg, >170 bpm) is less clear. Ablation is a reasonable therapy for idiopathic sustained monomorphic VT. If
successful and there is no recurrence after a reasonable time
interval (3 months), then return to play is allowed. For patients
with structural, molecular, or inflammatory disorders who
have sustained monomorphic VT at rest or exercise, athletic
activity is prohibited. For acute forms of myocarditis, return
to athletic activities is permissible if and when the disorder
resolves.

Recommendations
1. Athletes with structurally normal hearts and monomorphic sustained VT amenable to catheter ablation
who undergo ablation and remain free of spontaneous or induced VT at least 3 months after the procedure can resume full competitive activities (Class I;
Level of Evidence C).
2. Athletes with structurally normal hearts and monomorphic sustained VT who elect to undergo drug
suppression with pharmacological therapy should
not compete in any sports for at least 3 months after
the last VT episode. In the absence of clinical recurrences or inducibility of the arrhythmia by exercise/
exercise testing or EPS, all competitive sports may
then be permitted (Class I; Level of Evidence C).
3. For the athlete with structural heart disease and
sustained monomorphic VT, moderate- and highintensity competition is contraindicated regardless
of apparent therapeutic response, although participation in low-intensity class IA competitive sports is
permitted (Class III; Level of Evidence C).

e322  Circulation  December 1, 2015

Sustained Polymorphic VT, Ventricular Flutter, and
Ventricular Fibrillation
Athletes who manifest these arrhythmias in the presence
or absence of structural heart disease or defined molecular/
genetic disorders generally receive implantable cardioverterdefibrillators (ICDs). Athletes who have these arrhythmias
in the setting of transient inflammatory or electrolyte disorders may be an exception in that they may not receive ICDs,
and if they remain free of episodes of these arrhythmias
for 3 months after resolution of the inflammatory process,
they may be considered for reevaluation of clearance to
participate.

Recommendations
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1. Athletes who have survived a cardiac arrest caused
by ventricular fibrillation or VT or who have had
documented symptomatic rapid VT associated with
a defined nonreversible cardiac abnormality (structural or molecular) or unidentified cause should
have an ICD placed. See “Athletes With ICDs” for
recommendations regarding competitive sports participation after ICD implantation (Class I; Level of
Evidence A).
2. Class IIb athletes who have survived a cardiac arrest
caused by ventricular fibrillation or VT or who have
had documented symptomatic rapid VT associated
with a defined reversible abnormality (eg, resolved
acute myocarditis or a controllable electrolyte abnormality) may be considered for reinstitution of participation after reevaluation at 3 months (Class I; Level
of Evidence C).

Syncope
Syncope is a transient loss of consciousness caused by transient global cerebral hypoperfusion characterized by rapid
onset, short duration, and spontaneous complete recovery.24–26
Syncope in the athlete can result from relatively benign causes
such as cerebral hypoperfusion because of physiology similar
to that found with the common faint or neurally mediated syncope.27–30 Less frequently, syncope results from serious cardiovascular conditions that result in transient loss of cerebral
blood flow because of an obstruction or arrhythmias associated with underlying structural heart disease.31 Primary electrical disorders can result in syncope in the absence of any
structural heart disease.32
Syncope or presyncope in an athlete mandates a thorough
evaluation by a qualified clinician.33 The purpose of the evaluation is to determine the cause of syncope, with particular emphasis on detecting structural or electrical heart disease that may
lead to sudden death. The evaluation should include a detailed
history that includes specific details of the event and observations of witnesses when available. The distinction between syncope during exercise and postexertional syncope is clinically
important. Most syncopal episodes that occur immediately after
exercise are benign. This pattern is believed to be a result of
transient postural hypotension caused by lower-extremity pooling of blood once the athlete stops the activity (from exerciseinduced vasodilation) and the resultant impairment of cardiac

baroreflexes.34 It may be potentiated by relative or absolute bradycardia attributable to a parasympathetic surge at the cessation
of exercise. By contrast, syncope during exercise has a higher
probability of being caused by serious underlying cardiovascular disease; however, neurally mediated syncope also can be
induced by prolonged intense exercise.
The history should include asking about a family history
of syncope, cardiovascular disease, and sudden death. A careful physical examination with particular attention to the cardiovascular examination should be performed in all athletes.
Subsequent diagnostic testing in all patients should include an
ECG and an echocardiogram, with selective use of additional
cardiovascular tests. These tests may include a tilt table test,
exercise stress test, ambulatory monitoring, and an implantable loop monitor. The sensitivity and specificity of tilt table
testing for the diagnosis of syncope in the competitive athlete
are lower than for the general population, and some experts
believe there is not a role for tilt testing in the workup.35 For
those patients in whom the cause of syncope remains uncertain,
especially if the syncope raises concern for arrhythmic causes,
contrast-enhanced magnetic resonance imaging, cardiac computed tomography, coronary angiography, and invasive electrophysiological testing may be indicated. Provocative testing
with stress testing, epinephrine, procainamide, or isoproterenol should be considered to identify otherwise concealed
cases of long-QT syndrome, catecholaminergic polymorphic
VT, and Brugada syndrome. Genetic testing may be clinically
useful in selected cases.36
Neurally mediated syncope is generally compatible with
continued athletic participation once measures are taken to
mitigate the syncope. The primary responsibility of the clinician is to definitively exclude structural heart disease or primary electrical disorders that may predispose to sudden death
or recurrent syncope. In a significant minority of athletes, the
cause of syncope cannot be established despite a thorough
evaluation. Athletes with syncope of unknown cause should
not participate in athletics in which the transient loss of consciousness can be hazardous.

Recommendations
1. Athletes with exercise-induced syncope should be
restricted from all competitive athletics until evaluated by a qualified medical professional (Class I;
Level of Evidence B).
2. Athletes with syncope should be evaluated with a history, physical examination, ECG, and selective use
of other diagnostic tests when there is suspicion of
structural heart disease or primary electrical abnormalities that may predispose to recurrent syncope or
sudden death (Class I; Level of Evidence C).
3. Athletes with syncope caused by structural heart
disease or primary electrical disorders should be
restricted from athletic activities according to the
recommendations for their specific underlying cardiovascular condition (Class I; Level of Evidence C).
4. Athletes with neurally mediated syncope can resume
all athletic activities once measures are demonstrated to prevent recurrent syncope (Class I; Level
of Evidence C).
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5. Athletes with syncope of unknown cause, based on
a ruling out of structural or molecular pathogenesis,
should not participate in athletics in which transient
loss of consciousness can be hazardous (Class III;
Level of Evidence C).

Athletes With ICDs
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As ICDs achieved recognition of efficacy for primary and secondary prevention of SCD, based on clinical trial and observational data, the specific question of participation of ICD
recipients in competitive athletics arose. Although the various
guideline documents have not addressed this issue directly,
the 36th Bethesda Conference offered both general opinion37
and several disease-specific recommendations that athletes
with ICDs should limit competitive sports to class IA–level
activities. This was based largely on reasoned notions, in the
absence of observational data, concerning the effect of the
physiology and biochemistry of high-intensity activities and
underlying structural disease states on reliability of device
therapy, the possibility of device malfunction, and the risk
of injury to the athlete or damage to the device by trauma.
Appropriate or inappropriate discharges were also cited as
potential concerns. The recommendation against competition
sports participation by athletes with ICDs is being reevaluated
on the basis of reported practice patterns and recently generated observational data.38,39

Recommendations
1. ICD indications for competitive athletes should not
differ from those applicable to the general population with appropriate diagnoses and clinical profiles
(Class I; Level of Evidence C).
2. Recommendations should be based on existing evidence
for benefit and risk and should include discussions
of potential impact on sport-specific participation
and performance (Class I; Level of Evidence C).
3. Participation in sports classified as IA for athletes
with an ICD is reasonable if they are free of episodes of ventricular flutter or ventricular fibrillation
requiring device therapy for 3 months (Class IIa;
Level of Evidence C).
4. Participation in sports with higher peak static and
dynamic components than class IA may be considered if the athlete is free of episodes of ventricular
flutter or ventricular fibrillation requiring device
therapy for 3 months. The decision regarding athletic
participation should be made with consideration of,
and counseling of, the athlete regarding the higher
likelihood of appropriate and inappropriate shocks
and the potential for device-related trauma in highimpact sports (Class IIb; Level of Evidence C).
5. The desire of the athlete to continue athletic competition should not represent the primary indication for
use of an ICD (Class III; Level of Evidence C).
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T

he cardiac channelopathies are a collection of primary,
genetically mediated heart rhythm disorders (also referred
to as the primary electrical disorders) that are generally associated with a structurally normal heart and a propensity for
syncope, seizures, or sudden cardiac arrest precipitated by a
channelopathy-mediated episode of nonsustained or sustained
polymorphic ventricular tachycardia (torsade de pointes) or
ventricular fibrillation. These cardiac channelopathies include
long-QT syndrome (LQTS), catecholaminergic polymorphic
ventricular tachycardia (CPVT), Brugada syndrome (BrS), early
repolarization syndrome, short-QT syndrome, and potentially
idiopathic ventricular fibrillation. Approximately 1 in 1000 people are affected by a cardiac channelopathy, with LQTS being
most common, involving an estimated 1 in 2000 people.1
Presently, these channelopathies should be viewed as
potentially lethal but highly treatable conditions. However,
unlike the various bradyarrhythmias and tachyarrhythmias
detailed in the Task Force 9 report,2 there remains significant
variability and heterogeneity among pediatric and adult heart

rhythm specialists in terms of their ability to diagnose, risk
stratify, and treat patients with these conditions. For example,
in 1 study, 40% of the patients who received a second opinion
evaluation at a LQTS specialty center for a previously rendered diagnosis of LQTS by a heart rhythm specialist were
reclassified as otherwise normal, having insufficient evidence
to merit that diagnostic consideration.3 This is explained in part
by the advanced knowledge and training required to evaluate
and treat these less common channelopathies. Accordingly,
any return-to-play decision for an athlete suspected of having
a cardiac channelopathy necessitates that the athlete be evaluated, risk stratified, treated, and counseled by a heart rhythm
specialist or genetic cardiologist with sufficient experience
and expertise in these syndromes.4
For the most part, restriction from virtually all competitive sports has been the guideline-based recommendation since
2005 for athletes with a cardiac channelopathy, regardless of the
underlying channelopathy.5,6 This universal recommendation
was given despite the observation that exercise or competitive
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athletics has only been established as a potentially proarrhythmic trigger for CPVT and LQTS (particularly LQT1).7,8
Since 2005, there have been 4 fundamental developments
that inform these current recommendations. First, genetic
testing is now a widely available clinical test used routinely
in the evaluation of a patient with a suspected channelopathy. The first Heart Rhythm Society/European Heart Rhythm
Association–sponsored guideline as to the clinical use of
genetic testing for the cardiac channelopathies was published
in 2011.9
Second, despite increased discovery of more family
members (athletes and nonathletes alike) with genotype
positive/phenotype-negative (ie, concealed disease) status
secondary to the availability and use of genetic testing,
there has been no report of athletes with concealed channelopathic substrates in the United States experiencing their
sentinel event during sport. Thus, consistent with our expert
opinion–based recommendations from a decade ago, there
has been no observational evidence to support the European
position to disqualify an athlete based solely on a positive
genetic test.5,6
Nevertheless, it remains prudent for an athlete with a
channelopathy, whether concealed or manifest, to exercise
simple precautionary measures, including (1) avoidance of
QT-prolonging drugs for athletes with LQTS (http://www.
crediblemeds.org), (2) avoidance of drugs that exacerbate
the BrS in affected athletes (http://www.brugadadrugs.org),
(3) electrolyte/hydration replenishment and avoidance of
dehydration for all, (4) avoiding/treating hyperthermia
from febrile illnesses or training-related heat exhaustion/
heat stroke for athletes with either LQTS or BrS, (5) acquisition of a personal automatic external defibrillator as part
of the athlete’s personal sports safety gear, and (6) establishing an emergency action plan with the appropriate
school/team officials.
Third, observational evidence, derived from a large series
of athletes with either concealed, electrocardiographically
manifest, or symptomatic LQTS who chose to remain competitive despite the 2005 guideline-based recommendations
for their disqualification, now exists.10,11 In this single-center
study of LQTS athletes, only 1 of the 130 athletes with LQTS
(LQT1 specifically) experienced 2 LQT1-triggered events
that resulted in appropriate ventricular fibrillation–terminating implantable cardioverter-defibrillator (ICD) therapies
while playing baseball on 1 occasion and soccer on another
occasion in >650 athlete-years of observation. An important caveat is that every athlete underwent an extensive 2- to
3-day evaluation that included being diagnosed, risk stratified, treated, and counseled by a single LQTS specialist. This
program’s experience has been reproduced independently in
a study involving sports participation in genotype-positive
children at another center.12
At this point in time, no similar data exist for athletes
with CPVT. Given that CPVT is likely the channelopathy
most vulnerable to exercise as a proarrhythmic trigger, the
likelihood of a CPVT-triggered breakthrough event despite
β-blocker use is much higher than in LQTS,7 and the potential for an arrhythmia/ICD storm is greatest in patients with
CPVT,13 competitive sports (beyond class IA sports) are not

recommended for the athlete with CPVT and documented
exercise-induced frequent premature ventricular contractions/
nonsustained ventricular tachycardia. Whether or not such an
athlete could be cleared in the setting of combination drug
therapy (for example, β-blockers and flecainide) or after left
cardiac sympathetic denervation would require consultation
with a CPVT disease specialist.
Fourth, the observational experience from the North
American ICD Sports Registry currently comprising >340
athletes with an ICD suggests that these athletes with an ICD
can continue to participate with negligible mortality (0 deaths
with 31 months’ average follow-up to date) and no discernible excess in damage to the implanted device or inappropriate
shocks to the patient.13 The most common heart disease represented among these athletes with an ICD was LQTS, followed
by hypertrophic cardiomyopathy and arrhythmogenic right
ventricular cardiomyopathy.
Despite these 4 new developments over the past decade,
there remains an overall lack of data or evidence regarding the
true risk that an athlete with a channelopathy faces by remaining in competitive sports. As such, these recommendations are
buttressed by only Level of Evidence C.
For the purposes of this document, a previously symptomatic athlete describes one who has experienced at least 1 channelopathy-triggered/suspected syncope, seizure, or aborted/
resuscitated cardiac arrest. On the other hand, an athlete with
a concealed channelopathy describes an asymptomatic athlete
with a positive genetic test who lacks electrocardiographic
evidence on a 12-lead ECG at rest (ie, corrected QT interval
<460 ms for LQTS, no spontaneous type 1 Brugada electrocardiographic pattern in the right precordial leads for BrS, no
horizontal or downsloping early repolarization pattern in the
inferolateral leads for early repolarization syndrome, or corrected QT interval >380 ms for short-QT syndrome) or during exercise stress testing for CPVT (ie, no exercise-induced
premature ventricular contractions in bigeminy, couplets, or
worse). An athlete with a concealed channelopathy is also
referred to as genotype positive/phenotype negative.
In addition, for the purposes of this document, diseasespecific treatments may include either drug therapy, denervation therapy (ie, left cardiac sympathetic denervation for
LQTS and CPVT), device therapy (generally an ICD rather
than a pacemaker if device therapy is indicated), or a combination thereof. The athlete’s treatment program should be
based primarily on the severity of the disease phenotype and
should not be unduly influenced by the patient’s athlete status.
In other words, an ICD should not be implanted just because
the patient happens to be an athlete in order for the patient
to remain an athlete. This individualized treatment program
should be sought from a center or program dedicated to
patients with cardiac channelopathies and implemented by a
heart rhythm specialist or genetic cardiologist with sufficient
experience and expertise with these disorders.4 Finally, it may
be prudent to temporarily restrict an athlete who experiences
a cardiac event and is suspected of having a channelopathy or
the athlete with a known channelopathy who experiences a
breakthrough cardiac event for 3 months to ensure adequate
time for evaluation, counseling, and initiation or modification
of the athlete’s treatment program.
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1. For athletes with a suspected/diagnosed cardiac
channelopathy, a comprehensive evaluation by
a heart rhythm specialist or genetic cardiologist with sufficient experience and expertise with
these disorders is recommended (Class I; Level of
Evidence C).
2. It is recommended that symptomatic athletes with
any suspected or diagnosed cardiac channelopathy be restricted from all competitive sports until
a comprehensive evaluation has been completed,
the athlete and his or her family are well informed,
a treatment program has been implemented, and
the athlete has been asymptomatic on therapy for 3
months (Class I; Level of Evidence C).
3. It is reasonable for an asymptomatic athlete with
genotype-positive/phenotype-negative (ie, concealed
channelopathy) LQTS, CPVT, BrS, early repolarization syndrome, idiopathic ventricular fibrillation, or
short-QT syndrome to participate in all competitive
sports with appropriate precautionary measures,
including (1) avoidance of QT-prolonging drugs
for athletes with LQTS (http://www.crediblemeds.
org), (2) avoidance of drugs that exacerbate the
BrS in affected athletes (http://www.brugadadrugs.
org), (3) electrolyte/hydration replenishment and
avoidance of dehydration for all, (4) avoidance or
treatment of hyperthermia from febrile illnesses or
training-related heat exhaustion or heat stroke for
athletes with either LQTS or BrS, (5) acquisition of
a personal automatic external defibrillator as part
of the athlete’s personal sports safety gear, and (6)

establishment of an emergency action plan with the
appropriate school or team officials (Class IIa; Level
of Evidence C).
4. Competitive sports participation may be considered
for an athlete with either previously symptomatic or
electrocardiographically evident BrS, early repolarization syndrome, or short-QT syndrome assuming
appropriate precautionary measures and diseasespecific treatments are in place and that the athlete
has been asymptomatic on treatment for at least 3
months (Class IIb; Level of Evidence C). If therapy
includes an ICD, refer to the Task Force 9 report.2
5. For an athlete with either symptomatic LQTS or
electrocardiographically manifest LQTS (ie, corrected QT interval >470 ms in males or >480 ms in
females), competitive sports participation (except
competitive swimming in a previously symptomatic LQT1 host) may be considered after institution
of treatment and appropriate precautionary measures assuming the athlete has been asymptomatic
on treatment for at least 3 months (Class IIb; Level
of Evidence C). If treatment includes an ICD, refer
to the Task Force 9 report2 for recommendations
regarding restrictions after the procedure, lead
replacements, and so forth.
6. For an athlete with previously symptomatic CPVT or
an asymptomatic CPVT athlete with exercise-induced
premature ventricular contractions in bigeminy, couplets, or nonsustained ventricular tachycardia, participation in competitive sports is not recommended
except for class IA sports (Class III; Level of Evidence
C). Exceptions to this limitation should be made only
after consultation with a CPVT specialist.

Disclosures
Writing Group Disclosures

Writing Group Member

Employment

Michael J. Ackerman

Mayo Clinic

Richard J. Kovacs
Barry J. Maron
Douglas P. Zipes

Research
Grant

Other Research
Support

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Interest

Consultant/
Advisory Board

NIH (R01
grants)†

None

None

None

None

Boston Scientific*;
Gilead Sciences*;
Medtronic*; St. Jude
Medical*

Other
Transgenomic†

Indiana University

None

None

None

None

None

None

None

Minneapolis Heart
Institute Foundation

None

None

None

None

None

None

None

Indiana University

None

None

None

None

None

None

None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person
receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of
the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding
definition.
*Modest.
†Significant.

Ackerman et al   Competitive Athletes: The Cardiac Channelopathies   e329
Reviewer Disclosures

Reviewer

Employment

Research
Grant

Other Research
Support

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Interest

Consultant/
Advisory Board

Other

Linnea M. Baudhuin

Mayo Clinic

None

None

None

None

None

None

None

Robert M. Campbell

Children’s Healthcare of Atlanta

None

None

None

None

None

None

None

Michael S. Emery
Bulent Gorenek

Greenville Health System

None

None

None

None

None

None

None

Eskisehir Osmangazi University,
Eskisehir (Turkey)

None

None

None

None

None

None

None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more during
any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $10 000 or more
of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

References
Downloaded from http://circ.ahajournals.org/ by guest on November 14, 2016

1. Schwartz PJ, Stramba-Badiale M, Crotti L, Pedrazzini M, Besana A, Bosi
G, Gabbarini F, Goulene K, Insolia R, Mannarino S, Mosca F, Nespoli
L, Rimini A, Rosati E, Salice P, Spazzolini C. Prevalence of the congenital long-QT syndrome. Circulation. 2009;120:1761–1767. doi: 10.1161/
CIRCULATIONAHA.109.863209.
2. Zipes DP, Link MS, Ackerman MJ, Kovacs RJ, Myerburg RJ, Estes NAM
3rd; on behalf of the American Heart Association Electrocardiography and
Arrhythmias Committee of the Council on Clinical Cardiology, Council
on Cardiovascular Disease in the Young, Council on Cardiovascular
and Stroke Nursing, Council on Functional Genomics and Translational
Biology, and the American College of Cardiology. Eligibility and disqualification recommendations for competitive athletes with cardiovascular abnormalities: Task Force 9: arrhythmias and conduction defects: a
scientific statement from the American Heart Association and American
College of Cardiology. Circulation. 2015;132:e315–e325. doi: 10.1161/
CIR.0000000000000245.
3. Taggart NW, Haglund CM, Tester DJ, Ackerman MJ. Diagnostic miscues
in congenital long-QT syndrome. Circulation. 2007;115:2613–2620. doi:
10.1161/CIRCULATIONAHA.106.661082.
4. Priori SG, Wilde AA, Horie M, Cho Y, Behr ER, Berul C, Blom N,
Brugada J, Chiang CE, Huikuri H, Kannankeril P, Krahn A, Leenhardt
A, Moss A, Schwartz PJ, Shimizu W, Tomaselli G, Tracy C. Executive
summary: HRS/EHRA/APHRS expert consensus statement on the diagnosis and management of patients with inherited primary arrhythmia syndromes. Heart Rhythm. 2013;10:e85–e108.
5. Zipes DP, Ackerman MJ, Estes NAM 3rd, Grant AO, Myerburg RJ, Van
Hare G. Task Force 7: arrhythmias. J Am Coll Cardiol. 2005;45:1354–
1363. doi: 10.1016/j.jacc.2005.02.014.
6. Pelliccia A, Fagard R, Bjørnstad HH, Anastassakis A, Arbustini E, Assanelli
D, Biffi A, Borjesson M, Carrè F, Corrado D, Delise P, Dorwarth U, Hirth
A, Heidbuchel H, Hoffmann E, Mellwig KP, Panhuyzen-Goedkoop N,
Pisani A, Solberg EE, van-Buuren F, Vanhees L, Blomstrom-Lundqvist C,
Deligiannis A, Dugmore D, Glikson M, Hoff PI, Hoffmann A, Hoffmann
E, Horstkotte D, Nordrehaug JE, Oudhof J, McKenna WJ, Penco M,
Priori S, Reybrouck T, Senden J, Spataro A, Thiene G; Study Group
of Sports Cardiology of the Working Group of Cardiac Rehabilitation
and Exercise Physiology; Working Group of Myocardial and Pericardial
Diseases of the European Society of Cardiology. Recommendations for
competitive sports participation in athletes with cardiovascular disease:
a consensus document from the Study Group of Sports Cardiology of
the Working Group of Cardiac Rehabilitation and Exercise Physiology
and the Working Group of Myocardial and Pericardial Diseases of the

7.

8.

9.

10.

11.

12.

13.

European Society of Cardiology. Eur Heart J. 2005;26:1422–1445. doi:
10.1093/eurheartj/ehi325.
Priori SG, Napolitano C, Memmi M, Colombi B, Drago F, Gasparini M,
DeSimone L, Coltorti F, Bloise R, Keegan R, Cruz Filho FE, Vignati G,
Benatar A, DeLogu A. Clinical and molecular characterization of patients
with catecholaminergic polymorphic ventricular tachycardia. Circulation.
2002;106:69–74.
Schwartz PJ, Priori SG, Spazzolini C, Moss AJ, Vincent GM, Napolitano
C, Denjoy I, Guicheney P, Breithardt G, Keating MT, Towbin JA, Beggs
AH, Brink P, Wilde AA, Toivonen L, Zareba W, Robinson JL, Timothy
KW, Corfield V, Wattanasirichaigoon D, Corbett C, Haverkamp W,
Schulze-Bahr E, Lehmann MH, Schwartz K, Coumel P, Bloise R.
Genotype-phenotype correlation in the long-QT syndrome: gene-specific
triggers for life-threatening arrhythmias. Circulation. 2001;103:89–95.
Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, Calkins H, Camm
AJ, Ellinor PT, Gollob M, Hamilton R, Hershberger RE, Judge DP, Le
Marec H, McKenna WJ, Schulze-Bahr E, Semsarian C, Towbin JA, Watkins
H, Wilde A, Wolpert C, Zipes DP. HRS/EHRA expert consensus statement
on the state of genetic testing for the channelopathies and cardiomyopathies
this document was developed as a partnership between the Heart Rhythm
Society (HRS) and the European Heart Rhythm Association (EHRA). Heart
Rhythm. 2011;8:1308–1339. doi: 10.1016/j.hrthm.2011.05.020.
Johnson JN, Ackerman MJ. Competitive sports participation in athletes
with congenital long QT syndrome. JAMA. 2012;308:764–765. doi:
10.1001/jama.2012.9334.
Johnson JN, Ackerman MJ. Return to play? Athletes with congenital long QT syndrome. Br J Sports Med. 2013;47:28–33. doi: 10.1136/
bjsports-2012-091751.
Aziz PF, Sweeten T, Vogel RL, et al. Sports participation in genotype
positive children with long QT syndrome. JACCEP. 2015;1: 62–70. doi:
10.1016/j.jacep.2015.03.006.
Lampert R, Olshansky B, Heidbuchel H, Lawless C, Saarel E, Ackerman
MJ, Calkins H, Estes NAM, Link MS, Maron BJ, Marcus F, Scheinman
M, Wilkoff BL, Zipes DP, Berul CI, Cheng A, Law I, Loomis M, Barth
C, Brandt C, Dziura J, Li F, Cannom D. Safety of sports for athletes
with implantable cardioverter-defibrillators: results of a prospective,
multinational registry. Circulation. 2013;127:2021–2030. doi:10.1161/
CIRCULATIONAHA.112.000447.

Key Words: AHA Scientific Statements ◼ athletes ◼ Brugada syndrome
◼ cardiovascular abnormalities ◼ channelopathies ◼ heart rhythm disorders
◼ long QT syndrome

Downloaded from http://circ.ahajournals.org/ by guest on November 14, 2016

Eligibility and Disqualification Recommendations for Competitive Athletes With
Cardiovascular Abnormalities: Task Force 10: The Cardiac Channelopathies: A Scientific
Statement From the American Heart Association and American College of Cardiology
Michael J. Ackerman, Douglas P. Zipes, Richard J. Kovacs and Barry J. Maron
on behalf of the American Heart Association Electrocardiography and Arrhythmias Committee
of the Council on Clinical Cardiology, Council on Cardiovascular Disease in the Young,
Council on Cardiovascular and Stroke Nursing, Council on Functional Genomics and
Translational Biology, and the American College of Cardiology
Circulation. 2015;132:e326-e329; originally published online November 2, 2015;
doi: 10.1161/CIR.0000000000000246
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2015 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/132/22/e326

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

AHA/ACC Scientific Statement
Eligibility and Disqualification Recommendations
for Competitive Athletes With Cardiovascular
Abnormalities: Task Force 11: Drugs and
Performance-Enhancing Substances
A Scientific Statement From the American Heart Association
and American College of Cardiology

Downloaded from http://circ.ahajournals.org/ by guest on November 14, 2016

N.A. Mark Estes III, MD, FACC, Chair; Richard J. Kovacs, MD, FAHA, FACC;
Aaron L. Baggish, MD, FACC; Robert J. Myerburg, MD, FACC;
on behalf of the American Heart Association Electrocardiography and Arrhythmias Committee
of the Council on Clinical Cardiology, Council on Cardiovascular Disease in the Young, Council
on Cardiovascular and Stroke Nursing, Council on Functional Genomics and Translational
Biology, and the American College of Cardiology

T

related substances, β2-adrenergic agonists, stimulants, and
diuretic agents.1,2 Multiple masking agents are also prohibited
because they are used to hide or prevent detection of a banned
substance.1,2 Drugs used for enhancement of oxygen transfer, such as erythropoietin, or techniques of autotransfusion
are also prohibited.1,2 Many drugs and substances considered
“recreational” rather than performance enhancing, including
narcotics, cannabinoids, and alcohol, are also prohibited.1,2
Of the many adverse effects of performance-enhancing
substances, those that affect the cardiovascular system are
among the most serious and will be the focus of this document.3 This section also summarizes the best available, albeit
limited, data on the adverse cardiovascular effects of prohibited substances in athletes. In addition, strategies for effective
implementation of antidoping programs will be discussed, and
specific recommendations for healthcare professionals will
be made. To ensure harmonized, coordinated, and effective

he use of performance-enhancing drugs and substances,
or doping, is one of the most important and difficult challenges in contemporary sports. Doping occurs when a prohibited substance or its metabolite is documented in a bodily
specimen or when a prohibited method is used to increase athletic performance.1 Most commonly, the substances or methods used for doping have not been evaluated for therapeutic
use. The abuse of counterfeit or designer drugs that are not regulated is a particular threat to the athlete’s health. Doping also
threatens the integrity of sport. The use of artificial enhancements to gain an advantage over others in competition is fundamentally unfair to athletes who train and compete by the rules.
Athletic governing organizations maintain updated lists
of prohibited substances.2 The prohibition of these agents is
based on preventing an unfair athletic advantage and eliminating the health risks of doping. Generally, these drugs fall
into categories that include anabolic agents, hormones and
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antidoping programs at the international and national level
with regard to detection, deterrence, and prevention of doping,
a World Anti-Doping Code has been accepted by almost all
international athletic organizations.4 Ultimately, all stakeholders, including athletic governing organizations, athletes, trainers, and physicians, have a shared responsibility to discourage
the use of doping in sports.
The evidence base for performance-enhancing drugs and
substances is subject to limitations not usually encountered
in the assessment of risk and benefit for cardiovascular drugs
approved by the US Food and Drug Administration (FDA).
Scientifically designed studies of efficacy are lacking, and
many reports or opinions are subjective and often specific to
an individual sport. The application of randomized clinical
trials has not been feasible and in many cases may be considered unethical because of the listing of the drug or substance on lists of banned substances.5 Searches of the medical
literature for randomized trials demonstrate very few clinical
trials that evaluated the efficacy and safety of performanceenhancing drugs or substances. One prospective randomized
trial of supraphysiological doses of testosterone combined
with strength training demonstrated an increased fat-free mass
and muscle size and strength in normal men with this steroid.6
The ClinicalTrials.gov Web site does not list any currently
enrolling trials when searched under the terms of sports or
performance.7 Because many of the substances in question are
regulated by the FDA as food supplements, claims of efficacy
are not substantiated by randomized clinical trials.
The evidence base for safety is somewhat more extensive
but is also limited by its observational nature and the absence
of randomized trials with placebo controls in most cases.
Excellent summaries of the detrimental cardiovascular effects
of performance-enhancing substances have been published.5,8
FDA efforts are largely directed at individual product recalls
and warning letters for unwarranted claims rather than published trial data. However, in its ban of ephedra-containing
dietary supplements in the United States in 2004, the FDA
based its decision on the principle of “unreasonable risk,” a
risk-benefit analytical method based on even a small potential
for harm in the absence of any scientifically reliable support
for benefit.9 The FDA avoided the principle of “significant
risk,” which would have required a higher level of scientific
reliability of specific risk than was available.9 Gaps in the evidence base may continue to expand. The number of performance-enhancing substances available to athletes continues
to increase, and the substances are readily available via the
Internet. Large numbers of youth are being prescribed stimulant drugs to treat attention-deficit hyperactivity disorder, with
a prevalence estimated to be as high as 10% of the relevant age
group.10 Participation of these patients in competitive sports
will require assessment of the risk and benefit. Finally, athletes will continue to explore new substances to enhance performance, without the benefit of adequate trials of efficacy or
measures of safety published in the medical literature.
The term antidoping program refers to any organized
system designed to prevent the use of banned substances in
sport. Such programs have been designed and implemented
with the dual objectives of ensuring fair sport competition
and protecting the health of athletes. There are numerous key

stakeholders in an effective antidoping program, including
athletic governing bodies, athletic league directors and administrators, healthcare professionals, athletic trainers, coaches,
and athletes themselves. Collectively, this group should work
to promote awareness about the consequences of the use of
performance-enhancing drugs and substances (education),
design and implement transparent and evidence-based drug
testing protocols (detection), impart and uphold fair sanctions
for athletes who abuse performance-enhancing drugs and substances (enforcement), and provide resources for athletes who
develop medical or psychiatric complications (treatment).
Athletic governing organizations play a crucial role in
the effort to curb abuse of performance-enhancing drugs and
substances among athletes. Historically, these organizations
were created to generate and maintain lists of prohibited substances and to develop policies for the detection and punishment of users.1,2 These fundamental objectives remain their
primary focus. The antidoping organization community now
includes members at the international, regional, national, and
local levels. Over the past decade, their role has expanded to
include development of widespread educational campaigns,
support of scientific research focused on abuse, certification
of clinical laboratories for testing, arbitration of complex
cases with disputed athlete culpability, oversight of therapeutic use exemptions, and the creation of novel abuse detection
strategies, including biological passports. Athletic governing
bodies should continue to revise and update lists of banned
substances as new agents become available. These lists should
be published in easily accessible places, should be constructed
in language that can be interpreted by stakeholders from all
backgrounds, and should include known medical and psychological complications of use.
Athletes of all ages and across all competition levels
should be educated with guidance from physicians and relevant athletic organizations regarding the risks of illicit drugs.
This includes life-threatening consequences such as sudden
death with cocaine use.11 The use of performance-enhancing
drugs and substances such as anabolic-androgenic steroids,
growth hormone, and red cell boosting agents, as well as
medications such as diuretic agents, β2-adrenergic agonists,
and glucocorticoids, may jeopardize athletic eligibility. Use
of these drugs and substances, including many commercially
available nutritional supplements, can be harmful and result in
athletic disqualification. Athletes should disclose all prescription medication and supplement use to healthcare providers
and governing organizations such that therapeutic use exemptions can be arranged when and if necessary.
A therapeutic use exemption is an official authorization
from a governing agency that indicates that an athlete may
take a prescription medication that is otherwise considered a
banned substance without jeopardizing athletic eligibility. The
international standard for the therapeutic exemption process
was created in 2004 by the World Anti-Doping Agency and
is updated on a regular basis.12 At the present time, national
governing agencies are responsible for all aspects of the therapeutic drug exemption application and granting process. This
is contingent on 3 key criteria: (1) The athlete would experience significant health problems without taking the prohibited
substance or method; (2) the therapeutic use of the substance
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would not produce significant enhancement of performance;
and (3) there is no reasonable therapeutic alternative to the
use of the otherwise prohibited substance or method. The US
Anti-Doping Agency provides an algorithm for determining
an individual athlete’s need for a therapeutic drug exemption
based on the competition level and the medication in question.12 All US athletes are required to submit applications
through the US Anti-Doping Agency. Medications in routine
clinical practice that most frequently prompt the need for
therapeutic drug exemption include β2-adrenergic agonists,
glucocorticoids, stimulants (including methylphenidate),
and β2-adrenergic blockers. Appropriate therapeutic drug
exemption use requires a collaborative approach between the
athlete, clinician, and appropriate governing body. It is the
athlete’s responsibility to file an application for a therapeutic
drug exemption if he or she is taking a banned medication.
Clinicians play a crucial role in this process, because they
must justify the necessity of the medication in question and
the absence of comparable alternatives.
Athletes considering the use of banned or unregulated
substances should be aware that the efficacy and safety of
most agents have not been assessed in rigorous scientific fashion. Athletes should not ingest any substances in an attempt
to improve performance or expedite recovery from injury or
training unless prescribed by a healthcare professional who
abides by governing organization recommendations.
Healthcare providers should recognize that performanceenhancing drug and substance abuse is a potential issue with
each athlete encountered. This applies to asymptomatic
athletes evaluated during health screening visits and those
presenting with symptoms that suggest occult performanceenhancing drug and substance use. An essential element of
the comprehensive clinical encounter with an athlete includes
careful and direct questioning about performance-enhancing
drug and substance use. Providers are encouraged to ask
about access to and use of common agents by name and to
counsel patients about the known and uncertain medical consequences of abuse. It is the responsibility of all clinicians

who care for athletes to know which prescribed medications
have been included on banned substance lists and to support
an athlete’s therapeutic exemption application when appropriate. Clinicians who discover performance-enhancing drug and
substance abuse should counsel patients about the necessity
of abstinence, treat all attendant medical complications, and
refer the patient to specialists, including addiction counselors, sport psychologists, and medical subspecialists as deemed
appropriate on a case-by-case basis.

Recommendations
1. 
Athletes should have their nutritional needs met
through a healthy, balanced diet without dietary
supplements (Class I; Level of Evidence C).
2. As a matter of general policy, the use of performance-enhancing drugs and supplements should be
prohibited by schools, universities, and other sponsoring/participating organizations as a condition for
continued participation in athletic activities (Class I;
Level of Evidence C).
3. The principle of “unreasonable risk” (the potential
for risk in the absence of defined benefit) should be
the standard for banning or recommending avoidance of substances being evaluated for use by athletes (Class I; Level of Evidence C).
4. Prohibited stimulants and other medications should
be subject to exceptions based on a specific medical
benefit, such as a β2-adrenergic blocker or a bronchodilator. Medical need should be determined by a
treating physician on a case-by-case basis and authorized by the procedures defined by the US AntiDoping Agency (Class I; Level of Evidence B).
5. Athletes should receive formal education and counseling by physicians and athletic department staff on
the potential dangers of recreational drugs and performance-enhancing substances, including the risk
of sudden death and myocardial infarction (Class I;
Level of Evidence C).
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T

Basics of AEDs

he ability to resuscitate cardiac arrest victims is a
critical component of health-related topics in the athlete population. Even with screening, there will remain
people who experience sudden cardiac arrest. An effective
resuscitation strategy requires multiple elements, including planning for an event, appropriate team members who
can provide cardiopulmonary resuscitation (CPR), rapid
availability of automated external defibrillators (AEDs)
and other appropriate equipment, and calls for emergency
medical services (EMS). The chain of survival as articulated by the American Heart Association (AHA) calls for
immediate recognition of cardiac arrest and activation of
EMS, early CPR, rapid defibrillation, effective advanced
life support, and integrated post–cardiac arrest care.1,2
Inadequacy in any one of these facets will reduce the
chances of survival.

AEDs are portable devices capable of detecting and terminating ventricular tachycardia and fibrillation. All require human
input to place the pads and turn on the device. Some are fully
automated in that they will analyze the rhythm and provide
a shock if the arrhythmia is deemed shockable. However,
most are semiautomated in that they require continued human
input, including activation to analyze the rhythm, and then
if the arrhythmia is deemed shockable, further activation to
shock. Ease of use has been demonstrated for both automated
and semiautomated AEDs. AEDs are manufactured by many
companies, with subtle differences in sensing algorithms and
shock energy.
The sensitivity and specificity of AEDs are excellent and
likely better than human analysis of arrhythmias.3 In arrhythmia libraries, the sensitivity of most devices approaches
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100%, as does the specificity.3 Whether one manufacturer’s
algorithms are more accurate than others is not clear. Some
devices will correct for CPR artifact, analyze the quality of the
CPR, or both. Nearly all current AEDs incorporate biphasic
waveforms; however, the specifics of the waveform and the
energy vary among manufacturers. In addition, some AEDs
use escalating energies, whereas others have fixed energy output. Whether one type of waveform or energy level is better
than another is not clear; however, the ability to terminate ventricular fibrillation is generally excellent.
AEDs may be used in children; however, the AHA recommends the use of pediatric dose attenuator systems and pediatric pads, if available, for people aged 1 to 8 years.3 AEDs
require routine maintenance; battery life and system integrity
require at least monthly checks, and pads have a limited shelflife span of ≈2 years. Thus, AEDs should be part of an emergency action plan and should not be placed in isolation.
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Initial Response to Suspected Cardiac
Arrest in the Sports Environment
The AHA guidelines regarding response to out-of-hospital
cardiac arrest generally apply to the circumstances in which
athlete-related cardiac arrests occur.4–6 These include immediate assessment of level of consciousness and cardiovascular
status of the athlete who has collapsed unexpectedly, as well
as institution of chain-of-survival actions when cardiac arrest
is identified. Because sport-related cardiac arrest has a higher
probability of being witnessed by appropriately trained
bystander staff than does cardiac arrest that occurs in the general population, a beneficial outcome is more likely if delays
in recognition and responses are avoided. Although benign
forms of syncope and near syncope may occur in these settings, it is important to recognize that the onset of cardiac
arrest may be heralded by a brief period of drifting in and out
of consciousness because of unstable rhythms before a full
arrest. It should not be assumed that such patterns are benign.
An important additional factor in many sport-related
incidents is the distinction between primary cardiac arrest
and cardiac arrest caused by chest wall trauma (commotio
cordis). It is critical to determine quickly whether impaired
consciousness is associated with loss of pulse and respiration
and to institute appropriate resuscitative therapy immediately.
The responder must also distinguish loss of pulse caused by
an extreme vagal response from a true cardiac arrest. Vagal
responses are usually transient and may be associated with
marked bradycardia and reduction of blood pressure; respirations typically continue. It is also important, but often difficult, to make the sometimes subtle distinctions between
involuntary seizure-like movements associated with cardiac
arrest and epilepsy-related seizures. Distinguishing between
true spontaneous respirations and gasping respirations is also
important, the latter being a part of cardiac arrest physiology,7
which supports the recognition of true cardiac arrest.

Basic Life Support and AED Deployment
for the Athlete in Cardiac Arrest
If the pulse and spontaneous respirations are absent, it should
be assumed that a cardiac arrest is present, and the initial steps

in resuscitation should be effected immediately. If an AED
is immediately available, it should be deployed simultaneous with the act of contacting emergency rescue personnel.4
In some sports settings, primarily during competitive events
with large attendance, a rescue vehicle may be stationed at the
scene, but that is less likely during practices or sports events
in small facilities. Nonetheless, AEDs are being deployed
increasingly in public venues, including schools, universities,
and various sports and exercise facilities. Both campus security personnel and EMS should be contacted immediately. It
is recommended that the devices be deployed in a manner that
results in a maximum access time of 5 minutes to any site on
a school campus or sporting venue.8–10
While the AED is being brought to the victim’s side and
deployed, compression of the chest should be started by
bystanders. According to the most recent guidelines, compression alone (“hands-only CPR”) should be started at a rate of
100 to 120 compressions per minute without interruption for
rescue breaths.1 Trained professional providers should include
rescue breathing. As soon as the defibrillator is attached and
powered up, the rhythm is analyzed. A single shock should be
delivered if the device senses a shockable rhythm.11 If the initial rhythm is nonshockable (ie, asystole or pulseless electrical
activity), CPR should be continued. If an initial shock fails
to restore a spontaneous rhythm with return of spontaneous
circulation, compressions should be resumed for 2 minutes
before another shock is attempted. The previous concept of
delivering 2 or 3 consecutive shocks before resuming CPR is
no longer advised, and no more than 1 shock at a time is given,
with 2 minutes of chest compressions between each shock.
Once emergency rescue personnel are on the scene, advanced
life support activities will be implemented as needed. These
may include intubation with respiratory management and
pharmacological interventions.
The likelihood of survival with good neurological status is directly related to the time between onset of cardiac
arrest, implementation of CPR, and return of spontaneous circulation. In the adequately prepared athletic environment, including both trained staff and appropriate
equipment, with the onset of the event witnessed, it is a
reasonable goal to begin CPR within 60 to 90 seconds
and deliver an initial shock to an athlete with a shockable
rhythm in <3 minutes.

Emergency Response Plans
Comprehensive emergency response plans are as important
as the individual aspects of CPR and AEDs.6 The initial recognition of an arrest and immediate CPR must cascade into
activation of the emergency response plan, which includes
early access to a defibrillator and placement of calls to the
local EMS (for example, 9-1-1 in most of the United States).
An emergency response plan includes preparation for cardiac
arrests, including anticipation of events, placement of AEDs
and training of people to use them, access to emergency services, and simulations of real-life events. Included in emergency response plans are monthly AED checks for integrity
and battery life.
Similar to treatment of other out-of-hospital cardiac
arrest patients, therapeutic hypothermia (also referred to as
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targeted temperature management) should be started as soon
as possible in the victim who is comatose after successful
return of spontaneous circulation. Emergency response plans
should consider transfer to facilities that are capable of therapeutic hypothermia.12,13

Emergency Response: Legal Considerations
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There are multiple legal and regulatory considerations that
minimize legal risks of AED ownership, use, or medical
oversight.14 To address liability concerns, state and federal
Good Samaritan legislation currently protects responders
using AEDs.15,16 Good Samaritan legislation statutes provide
immunity from claims of negligence for volunteers aiding
others with CPR and AED use. The Federal Cardiac Arrest
Survival Act (CASA) was enacted in 2000 with provisions to
encourage AED use in federal buildings and to create immunity for AED users.15 CASA provides conditional immunity
from legal liability for harm resulting from use or attempted
use of an AED by lay responders. All 50 states have Good
Samaritan laws that vary in scope and conditions but that
supplement the basic protections from liability afforded by
federal regulations.17 The state AED program requirements
generally include the provisions of Good Samaritan immunity,
medical oversight, agency notification, policies, quality assurance measures, training, AED maintenance, and postevent
reporting. The AHA has developed a policy statement with
the objective of guiding policymakers and other stakeholders in writing new legislation or revising existing legislation
to remove potential barriers to implementation of emergency

response programs that include AEDs.18 Those considering
starting an AED program should consult and adhere to state
regulations to minimize potential risks associated with AED
ownership, oversight, or use. Healthcare professionals should
be aware of the clinical benefits of AEDs and the limited liability associated with their use. They should also consider the
potential liability that could arise from failure to use AEDs as
a matter of prudent public protection.

Recommendations
1. Schools and other organizations hosting athletic
events or providing training facilities for organized
competitive athletic programs should have an emergency action plan that incorporates basic life support and AED use within a broader plan to activate
EMS6,10 (Class I; Level of Evidence B).
2. Coaches and athletic trainers should be trained to recognize cardiac arrests and to implement timely and
AHA guideline–directed CPR (100 to 120 beats per
minute and compression depth of 2 inches) along with
AED deployment4,6 (Class I; Level of Evidence B).
3. AEDs should be available to all cardiac arrest victims within 5 minutes, in all settings, including competition, training, and practice9,10 (Class I; Level of
Evidence B).
4. Advanced post–cardiac arrest care, including targeted temperature management, should be available
at sites to which patients are taken by EMS19,20 (Class
I; Level of Evidence A).
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C

ommotio cordis is defined as sudden cardiac death triggered by a relatively innocent blow to the precordium.1
Although initially thought to be extremely rare, it is now
increasingly reported in the United States and worldwide.2,3
Enhanced recognition of commotio cordis, rather than an
increase in event frequency, likely accounts for the greater
visibility of those events. Commotio cordis is one of the most
common causes of sudden cardiac death in recreational and
competitive sports, instantaneously resulting in a potentially
fatal arrhythmia.4 Commotio cordis is distinct from cardiac
contusion, in which structural damage to the heart with resultant arrhythmias develops within 24 hours after severe chest
impact.5

males (95% of cases), with a mean age of 14 years.2 Impacts
occur over the left chest wall and are generally sustained
with a hard spherical object such as a baseball, hockey puck,
lacrosse ball, or softball. Collapse is instantaneous or within a
few seconds; when a defibrillator is used rapidly, the arrhythmia is typically ventricular fibrillation (VF).
An experimental model of commotio cordis has confirmed
the arrhythmia induced by a chest blow is VF.6 Impact must occur
over the cardiac silhouette, and harder balls are more likely to
induce VF.6–8 In addition, this model has demonstrated the critical
importance of timing in that only those blows that occur during
a narrow time segment of the T-wave upstroke reliably produce
VF.6 These laboratory experiments have also shown the importance of size and shape of the object.9 Blows must occur directly
perpendicular to the chest wall to produce VF, and impact velocities optimal to produce commotio cordis are those just slightly
less than velocities which produce cardiac damage (in the swine
model 40 mph optimal; 50 mph creates cardiac damage).10

Risk Factors for Commotio Cordis
Risk factors for a commotio cordis have been defined by a
Commotio Cordis Registry of clinical events and an experimental swine model. Human cases occur largely in adolescent
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Initially, it was thought that successful resuscitation was more
difficult to achieve in commotio cordis victims than in sudden
cardiac death in other conditions.1 This perception was based on
the poor rate of survival of commotio cordis victims reported
to the Commotio Cordis Registry before 1995.1 Registry data
reported in 2002 showed that survival had increased to 15%.11
More recent data from the Commotio Cordis Registry demonstrate that the survival rate has increased steadily over the past
15 years (Figure),12 and survival in the most recent years is now
>50%. The reasons for improved survival are multifactorial,
including greater recognition of commotio cordis, which leads
to a shorter time interval after collapse to cardiopulmonary
resuscitation and defibrillation; more dissemination of automated external defibrillators in the community; and a greater
number of people who have been trained and are willing to perform cardiopulmonary resuscitation and defibrillation.
Barriers remain to a successful outcome for victims of
commotio cordis. In the Registry, blacks had a much lower
survival rate than whites, and events that occur at home or
during recreational sports are associated with lower survival
than those in the setting of competitive sports, likely because
of more rapid response times.

Prevention
Data from the Commotio Cordis Registry show that commotio
cordis events can occur despite the use of safety baseballs and
chest protectors.13 Although most baseball events have occurred
with a standard baseball, there have been a small number that
occurred with safety baseballs.11 Without knowing the relative
number of chest impacts with standard versus safety baseballs, it is not possible to assess from these data whether safety
baseballs are protective. In an experimental model, the risk
for commotio cordis decreased incrementally with softer balls
(age-dependent safety baseballs), but safety baseballs were not
absolutely protective against commotio cordis.6,8 This decrease
was observed with chest wall impacts at both 30 and 40 mph.
Of the commotio cordis events that occurred in competitive
sports, chest protectors were worn in 37%.12 Despite the use
of these chest barriers, commotio cordis still occurs; in some

sports, such as hockey, the chest protector can be raised with
lifting of the arms, thereby uncovering the precordium and thus
failing to provide protection. However, in other sports, such as
baseball and lacrosse, the chest protectors have remained over
the heart, and impact occurred through the barrier. Again, without knowing the relative number of impacts with or without
chest protectors, these data cannot be interpreted with regard
to risk. However, it is apparent that even with chest protection,
prevention of commotio cordis is not absolute. In the swine
model, commercial chest protectors for lacrosse and baseball
did not lower the risk of commotio cordis.14 At impact velocities
of 40 mph, the incidence of VF was similar among chest protectors and control impacts in which no chest protector was worn.

Return to Play
Commotio cordis victims must undergo a complete cardiac
workup to rule out structural heart disease. This includes but is
not restricted to ECGs, echocardiograms, magnetic resonance
imaging, ambulatory ECG monitoring, and stress testing.
Pharmacological testing for Brugada and long-QT syndromes
should also be considered in the presence of typical electrocardiographic features. Age-based electrocardiographic criteria should be applied, because T-wave abnormalities and QT
intervals may be greater in the young.15 In those instances
in which long-QT syndrome is a persistent concern, genetic
testing could be considered. If underlying cardiac disease is
absent, implantable cardioverter defibrillators are not recommended for survivors of commotio cordis.
Return-to-play decisions are largely dictated by the presence versus absence of underlying cardiac disease. Given the
large number of variables necessary to be confluent to trigger
commotio cordis, a randomly occurring second event would be
unlikely. Still, given some animal data for individual susceptibility to commotio cordis,16 it would be prudent to avoid sports
that involve chest wall impact. Maturation of the chest wall with
age also should lower the risk of recurrent commotio cordis.

Conclusions
Commotio cordis is an unusual event but still an important
cause of morbidity and mortality in youth sports, as well as

Figure. Increasing survival from commotio cordis
reported to the national Commotio Cordis Registry.
Reprinted from Maron et al12 with permission.
Copyright © 2013, Heart Rhythm Society.
Published by Elsevier Inc. All rights reserved.
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in many other circumstances. Absolute prevention will likely
never be completely attainable, and thus, the most reasonable
focus should be on recognition and resuscitation, including
timely cardiopulmonary resuscitation and defibrillation.

Recommendations
1. Measures should be taken to ensure successful
resuscitation of commotio cordis victims, including training of coaches, staff, and others to ensure
prompt recognition, notification of emergency medical services, and institution of cardiopulmonary
resuscitation and defibrillation2,12,17 (Class I; Level of
Evidence B).

2. A comprehensive evaluation for underlying cardiac
pathology and susceptibility to arrhythmias should
be performed in survivors of commotio cordis2,4
(Class I; Level of Evidence B).
3. It is reasonable to use age appropriate safety baseballs
to reduce the risk of injury and commotio cordis6,8
(Class IIa; Level of Evidence B).
4. Rules governing athletics and coaching techniques to
reduce chest blows can be useful to decrease the probability of commotio cordis (Class IIa; Level of Evidence C).
5. If no underlying cardiac abnormality is identified,
then individuals can safely resume training and competition after resuscitation from commotio cordis
(Class IIa; Level of Evidence C).
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S

ickle cell trait (SCT), in which a normal hemoglobin gene
and an abnormal mutated β-globin sickle gene (HbS) are
inherited, occurs in 8% of blacks in the United States (0.08%
of nonblacks).1,2 SCT has been regarded as a benign condition that generally does not expose affected people to health
risks, although for many years it has also been recognized as
a potential cause of death in military training recruits during vigorous and intense physical exertion.3 More recently,
evidence has been assembled proposing SCT as a cause of
sudden death in competitive athletes, usually during training
and conditioning.4,5 In 2010, the National Collegiate Athletic
Association (NCAA) mandated SCT screening (with solubility testing) for all student-athletes in division I sports (division
II, 2012; division III, 2013). In addition, all newborns have
been routinely tested for SCT shortly after birth since 1987 in
accordance with a National Institutes of Health recommendation.1,6 Much of the controversy regarding SCT and athletes
has focused on mandatory screening measures for the genetic
defect, an issue that we have not addressed in this statement.

That SCT can be responsible for lethal sudden collapse,7
including on the athletic field, is based on evidence from
the forensic-based US National Sudden Death in Athletes
Registry4,8,9 and other databases,10 as well as numerous case
reports and considerable expert experience acquired in athletic venues.5 The epidemiology and characterization of SCTrelated events in athletes are evolving. A large experience
from the US Sudden Death in Athletes Registry documented
SCT-associated collapse and death in 0.9% of 2462 athletes.
This outcome occurred in 3.3% of the blacks in the registry.4
Ages of the victims were 12 to 22 years, and 90% were male.
Events were most common in college football players during
conditioning drills.
A distinctive clinical presentation has emerged that
involves gradual deterioration over several minutes.
Symptoms include cramping, dyspnea, muscle pain and
severe weakness, and fatigue and exhaustion, provoked by
vigorous physical exertion, often with sequential brief bursts
of sustained maximal physical activity (eg, interval training).
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Events typically occur early in the training season or after
periods of deconditioning, often in ambient temperatures
≥80°, at high altitude, or associated with development of
rhabdomyolysis.4,11–14 Notably, this scenario is in striking
contrast to collapse caused by cardiovascular disease with
ventricular tachyarrhythmias, which is typically virtually
instantaneous.8,9
Although the pathophysiology and clinical determinants
of death in people with SCT participating in intense exercise are not fully understood, cardiovascular collapse likely
occurs under conditions that (in laboratory studies) promote
HbS polymerization and erythrocyte sickling. These include
hyperthermia, dehydration, acidosis, and hypoxemia.11–14 It is
possible that with intense exercise, a cascade of events ensues
under unpredictable circumstances that recreates some of the
laboratory conditions that lead to HbS polymerization and
erythrocyte sickling, thereby triggering vascular occlusion,
endothelial damage, and impaired muscular blood flow.12–16
This exertional sickling scenario could promote rhabdomyolysis and disseminated intravascular coagulation, which
in turn could lead to hyperkalemia, lactic acidosis, worsening hypoxia, impaired cardiac and renal function, and lethal
arrhythmias. However, widespread sickling in the heart and
other organs identified at autopsy does not itself represent
definitive evidence for SCT-related death, because postmortem HbS polymerization and erythrocyte sickling are an
expected consequence of the diminished oxygen environment
at death.
These considerations have advanced specific precautionary recommendations for targeted and tailored measures during training for athletes with SCT to enhance the
prevention of sudden death.15,16 These precautions, which
can also benefit all athletes, include more gradual conditioning at the beginning of the training season (or after
periods of deconditioning) with attention to modifying
pace, providing adequate rest and hydration during conditioning drills, and promoting a high index of suspicion to

immediately cease physical activity should muscle weakness, cramping or pain, fatigue, and disproportionately
excessive dyspnea occur.
Indeed, collapse of an athlete with SCT is a medical emergency that requires support of vital signs, administration of
supplemental oxygen, intravenous hydration, possibly cooling to protect against fulminating rhabdomyolysis, and likely
rapid transport to a medical facility. A metabolic insult with
lactic acidosis, hyperkalemia, and hypocalcemia can lead to
pulseless electrical activity, so that the effectiveness of external defibrillation in this clinical setting is unpredictable. Such
modified conditioning strategies and surveillance are now
widely used by athletic trainers and coaching staffs in college
athletic programs to prevent SCT-related complications and
catastrophes.
SCT should now be included among the myriad of nontraumatic risks of sports participation capable of leading to
the demise of some susceptible athletes, the vast majority of
whom are black.

Recommendations
1. Recognition of SCT status is not itself a justification
for disqualification from competitive sports (Class I;
Level of Evidence C).
2. Recommended preventive strategies (including adequate rest and hydration) should be performed to
minimize the likelihood of an event occurring on the
athletic field in a person known to have SCT (Class I;
Level of Evidence B).
3. It is critical to be prospectively aware of acute emergency medical strategies should suspicion of an
emerging event arise in an athlete known to have
SCT (Class I; Level of Evidence C).
4. Particular caution should be exercised for athletes
known to have SCT who are competing or training in
high environmental temperatures or at extreme altitude (Class I; Level of Evidence C).
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F

rom a legal perspective and medical perspective, protection of the health and safety of an athlete (as well as
that of others potentially endangered by his or her participation) and avoidance of exposure to a significant risk of sudden cardiac death during competitive athletics should be the
primary factors determining the exercise of clinical judgment
and the making of medical recommendations regarding athletic participation by those with a cardiovascular abnormality.
A physician’s general legal duty is to conform to accepted,
customary, or reasonable medical practice providing medical sports participation recommendations consistent with an
athlete’s medical best interests from both a short- and longterm perspective.1,2 Courts generally have recognized that
guidelines established by national medical associations are
evidence of good medical practice, but they are not conclusive
evidence of the medical or legal standard of care.3–5 Avoidance
of the unnecessary restriction of competitive athletic activity
is a legitimate objective, but a physician’s medical judgment
should not be compromised by an athlete’s strong desire to

play a sport and willingness to assume a medically unreasonable risk, or by the team’s need for an athlete’s talents.6,7
Knapp v Northwestern University,8 a 1996 federal appellate court case brought by a student-athlete claiming the legal
right to play intercollegiate basketball contrary to a university
team physician’s medical recommendation (which was consistent with the then-current 26th Bethesda Conference guidelines),9 established the current legal framework for resolving
athlete challenges to medical disqualification based on cardiovascular abnormalities or events.10 Nicholas Knapp sued
Northwestern University, claiming that its refusal to allow him
to play on its basketball team violated the Rehabilitation Act,
a federal law prohibiting educational institutions that receive
federal funds from discriminating against people with covered
disabilities. Although Northwestern agreed to honor Knapp’s
full athletic scholarship (which had been awarded before his
incident of cardiac arrest), the university prohibited him from
playing on its intercollegiate basketball team on the basis of
its team physician’s medical recommendation.
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Knapp experienced sudden cardiac arrest while playing recreational basketball during the summer before his senior year
in high school, which required cardiopulmonary resuscitation
and defibrillation to restore sinus rhythm. Thereafter, he had
an implantable cardioverter-defibrillator inserted and resumed
playing recreational basketball without any subsequent cardiovascular events, although he did not play interscholastic basketball during his senior year. Northwestern’s team physician
refused to clear Knapp to play intercollegiate basketball on the
basis of his medical records and history, the then-current 1994
26th Bethesda Conference recommendations, and the opinions
of 2 consulting cardiologists who concluded that Knapp would
expose himself to a medically unacceptable risk for ventricular
fibrillation during competitive athletics, although 3 other cardiologists medically cleared him to play college basketball.
The Chicago, Illinois–based United States Court of Appeals
for the Seventh Circuit held that a university has the legal right
to establish legitimate physical qualifications for its intercollegiate athletes and that Northwestern did not violate the
Rehabilitation Act by following its team physician’s reasonable
medical advice. It ruled that an intercollegiate athlete may be
medically disqualified and excluded from a sport if necessary
to avoid a “significant risk of personal physical injury” (which
requires consideration of both the probability and severity of
potential harm, including the risk of death or serious injury)
during competitive athletics that cannot be eliminated through
the use of medication, monitoring, or protective equipment.
The court explained that Northwestern’s decision to
exclude Knapp from its basketball team was legally justified:
“We do not believe that, in cases where medical experts
disagree in their assessment of the extent of a real risk
of serious harm or death, Congress intended that the
courts—neutral arbiters but generally less skilled in
medicine than the experts involved—should make the
final medical decision. 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 disqualification 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.”8
The court recognized that one of the factors a physician
may rely on is then-current consensus medical guidelines:
“Although the Bethesda Conferences were not convened by public health officials and such guidelines
should not substitute for individualized assessment of
an athlete’s particular physical condition, the consensus recommendations of several physicians in a certain
field do carry weight and support the Northwestern
team doctors’ individualized assessment of Knapp.”8
Consistent with the Knapp case, although some specialists provided medical clearance, another court also declined
to “substitute its judgment” for a university team physician’s
“conservative” medical opinion that is “reasonable and rational” and consistent with other specialists’ recommendations in

federal disability discrimination litigation by a medically disqualified intercollegiate athlete against a university.11 These 2
cases hold that the federal disability discrimination laws (the
Americans With Disabilities Act and the Rehabilitation Act)
require only that a student-athlete’s exclusion from an interscholastic or intercollegiate sport be based on an individualized
medical evaluation and that disqualification must have a reasonable medical basis.8,11–13 Even if other physicians disagree, these
laws are not violated if an educational institution accepts its
team physician’s reasonable medical judgment that a studentathlete should not be permitted to participate in a sport.
On the other hand, in Mobley v Madison Square Garden LP,14
a New York federal district court ruled that Cutino Mobley, a former NBA (National Basketball Association) basketball player,
may have a valid state law disability discrimination claim against
the New York Knicks for refusing to allow him to play basketball
with hypertrophic cardiomyopathy during the 2008-2009 season
based on his medical disqualification by 2 cardiologists. In his
complaint, Mobley alleged that he had been medically cleared to
play NBA basketball from 1999 to 2008 (subject to his signing a
liability waiver) and that 3 other cardiologists had examined him
and concluded there was no material change in his heart condition and that he was as fit to play basketball in the fall of 2008
as he had been in 1998 and 2012. The court held that Mobley
pled sufficient facts to contradict the medical opinions of the 2
cardiologists who had disqualified him and that it was “plausible
that he was qualified to perform safely the essential functions
of a professional basketball player,” which he ultimately had to
prove to prevail on his New York disability discrimination law
claim against the Knicks.
Mobley suggests that some courts may be willing to adopt
an “athlete informed consent model” for professional athletes,
in contrast to the Knapp court’s “team physician medical judgment model, which requires only that there be an individualized
and reasonable medical basis for medically disqualifying college or high school athletes from participation in a sport.”12 By
contrast, an “athlete informed consent model” would enable a
professional athlete to choose to participate in a sport despite an
individualized and reasonable medical disqualification by the
team physician, if other competent medical authority clears him
to play. However, it is important to understand that cases that
apply federal and state disability discrimination laws such as
Knapp and Mobley do not address or alter a physician’s legal
duty to provide athletic participation recommendations consistent with good medical practice and necessary to protect an
athlete’s health and safety, nor does either case rule that a liability waiver is enforceable and will immunize a physician from
tort liability for failing to conform to acceptable, customary, or
reasonable medical practice when making medical clearance
recommendations for athletes at any level of competition.1,6 It is
important to understand that Mobley does not hold that a physician’s “conservative” medical disqualification of an athlete with
a cardiovascular abnormality constitutes malpractice, or that the
decision of a professional team (or an educational institution) to
exclude the athlete from participation based thereon necessarily
violates federal or state disability discrimination laws.
To date, there is no legal precedent holding a physician liable for refusing to medically clear an athlete with a
known or probable cardiovascular abnormality or implantable
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cardioverter-defibrillator consistent with consensus guidelines,
or declining to do so based on a medically reasonable belief that
participation in a sport would expose the athlete or others to a
significantly enhanced risk of sudden cardiac death or serious
injury. The most similar case is Penny v Sands, a 1989 lawsuit in
which Anthony Penny alleged that a cardiologist was negligent
for misdiagnosing his heart condition as cardiomyopathy and
medically disqualifying him to play college basketball when
other cardiologists had medically cleared him.6 Penny died
while playing professional basketball in England before the
court decided the merits of his medical malpractice claim, so
this case does not establish any legal precedent. To avoid interfering with a physician’s medical judgment and recommendations to protect athletes’ health and safety, it is unlikely that a
court would impose malpractice liability for refusing to provide
medical clearance to an athlete to participate in a competitive
sport with a properly diagnosed cardiovascular abnormality or
implantable cardioverter-defibrillator.6
Like the 26th Bethesda Conference guidelines in 19949
and the 36th Bethesda Conference guidelines in 2005,15 the
updated 2015 American Heart Association/American College
of Cardiology recommendations regarding the medical appropriateness of participation in particular competitive sports
for a person with a confirmed or probable cardiovascular
abnormality are “generally conservative,” although some of
them are less restrictive on the basis of additional data and
athletic participation experiences since 2005. As stated in the
Preamble,16 the current recommendations in this document
“are not intended to establish absolute mandates” that must be

followed in all cases or the medical standard of care. Rather, it
is “a consensus reference document that is potentially helpful
in resolving predictably difficult clinical dilemmas.”
In specific cases, it may be consistent with accepted, customary, or reasonable medical practice for a physician to deviate from the American Heart Association/American College
recommendations by providing medical clearance based on
individualized factors evidencing that participation by an athlete with a cardiovascular abnormality in a particular sport
would not create a significant risk of sudden cardiac death or
other serious injury to the athlete or others. If a physician does
so, it is important to fully inform the athlete of the potential
material risks of participating in a competitive sport, preferably in writing, even if they are deemed to be medically reasonable.1,6 It also would be legally permissible for a physician
to medically disqualify an athlete consistent with the 36th
Bethesda Conference guidelines in individualized situations
if there is a reasonable medical, scientific, or clinical basis for
doing so. In other words, although the current American Heart
Association/American College guidelines could permit athletic
participation in a sport with the subject cardiovascular abnormality or an implantable cardioverter-defibrillator, or although
some athletes (including Nicholas Knapp, who played intercollegiate basketball for 2 years at Ashland University after he left
Northwestern) have done so without serious adverse health consequences,17–20 the current guidelines do not require that medical clearance be provided in such cases. Rather, these guidelines
are one of the factors a physician should consider in exercising
medical best judgment in individual situations.
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