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La mort subite d’origine cardiaque chez les sportifs : les Recommandations de Lausanne

Résumé

Objectifs :

Cette étude collecte les données de la littérature scientifique concernant la mort subite
d’origine cardiaque chez les sportifs et a pour but d’aboutir & un protocole d’investigation de
préparticipation globalement acceptable, approuvé par la conférence de consensus du Comité
International Olympique(CIO), et recommandé par ce dernier.

Données cliniques :

La mort subite chez les athletes de moins de 35 ans, engagés dans des sports de compétition,
est un événement bien connu, dont I’incidence est plus élevée (~2/100000/an) que chez les
non-athlétes (2,5 :1). La cause est cardiovasculaire dans plus de 90% des cas.

Meéthodes :

Une revue systématique de la littérature a mis en évidence les causes de mort subite d’origine
cardiaque, le sexe, I’age, les maladies cardiaques sous-jacentes et le type de sport, ainsi que
les protocoles d’investigation de préparticipation utilisés. Les méthodes nécessaires pour
détecter des anomalies cardiaques préexistantes sont discutées pour formuler un protocole
d’investigation de préparticipation pour la commission médicale du CIO.
(http://www.olympic.org/uk/organisation/commissions/medical/full story uk.asp?id=1182)
Résultats :

1101 cas de mort subite d’origine cardiaque ont été rapportés (1966-2004) chez des athlétes
de moins de 35 ans, 50% présentant des anomalies cardiaques congénitales et des
cardiomyopathies et 10% une athérosclérose a début précoce. 40% des athletes avaient moins
de 18 ans, 33% moins de 16 ans ; le rapport femme/homme était de 1/9. La mort subite
d’origine cardiaque était reportée dans presque tous les sports ; ceux impliqués le plus
fréquemment étaient le football(30%), le basketball(25%), et la course a pied(15%). Les tests
de préparticipation étaient de qualité et de contenu variables.

La conférence de consensus du CIO a accepté les « Recommandations de Lausanne »
proposées, basées sur cette recherche et des opinions d’experts.
(http://multimedia.olympic.org/pdf/en_report 886.pdf)

Conclusions :

La mort subite d’origine cardiaque touche plus souvent qu’attendu les jeunes athlétes et est
principalement due a des anomalies cardiaques congénitales préexistantes. Les atteintes
athérosclérotiques précoces forment une autre cause importante de déces chez les jeunes
adultes. L’acceptation par le CIO de « Recommandations de Lausanne » a permis d’aboutir a
un protocole d’investigation de préparticipation globalement acceptable.
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Objectives This study reports on sudden cardiac death (SCD) in sport in the literature and aims at achieving a generally
acceptable preparticipation screening protocol (PPSP) endorsed by the consensus meeting of the International Olympic
Committee (10C).

Background The sudden death of athletes under 35 years engaged in competitive sports is a well-known occurrence; the
incidence is higher in athletes (~2/100 000 per year) than in non-athletes (2.5: 1), and the cause is cardiovascular in over
90%.

Methods A systematic review of the literature identified causes of SCD, sex, age, underlying cardiac disease and the type
of sport and PPSP in use. Methods necessary to detect pre-existing cardiac abnormalities are discussed to formulate a
PPSP for the Medical Commission of the 10C.

Results SCD occurred in 1101 (1966-2004) reported cases in athletes under 35 years, 50% had congenital anatomical
heart disease and cardiomyopathies and 10% had early-onset atherosclerotic heart disease. Forty percent occurred in
athletes under 18 years, 33% under 16 years; the female/male ratio was 1/9. SCD was reported in almost all sports; most
frequently involved were soccer (30%), basketball (25%) and running (15%). The PPSP were of varying quality and content.
The 10C consensus meeting accepted the proposed Lausanne Recommendations based on this research and expert
opinions (http://multimedia.olympic.org/pdf/en_report_886.pdf).

Conclusion SCD occurs more frequently in young athletes, even those under the age of 18 years, than expected and is
predominantly caused by pre-existing congenital cardiac abnormalities. Premature atherosclerotic disease forms another
important cause in these young adults. A generally acceptable PPSP has been achieved by the |I0C’s acceptance of the
Lausanne Recommendations. Eur J Cardiovasc Prev Rehabil 13:000-000 © 2006 The European Society of Cardiology

European Journal of Cardiovascular Prevention and Rehabilitation 2006, 13:000-000
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introduction

Active participation in sports is generally considered to be
beneficial for the health and well being of the individual
[1]. The increased risk of sudden death in adolescents
and young adults engaged in competitive sports, a well-

underlying cardiac disease (~90%) [5-7], triggering
sudden death during intensive physical exercise. The
non-cardiac causes of sudden death include asthma
(or other pulmonary conditions), heat stroke, drug abuse,
cerebral embolism, ruptured cerebral artery and some

known and much feared occurrence, seems to contradict
this adagium [2-4]. The leading cause of this mortality is
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unexplained causes.

The incidence of sudden cardiac death (SCD) in young
athletes (aged 12-35 years) is 0.5-2/100000 per year
[4,6,8-10], and is approximately 2.5 times higher than in
non-athletes [11]. This increased mortality has led to the
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implementation of various preparticipation screening
protocols (PPSP), showing a wide difference depending
on the mandating organizations or countries. Some are
quite specific and involve serious physical examinations,
whereas others are merely questionnaires. The quality of
each of these PPSP depends greatly on the way the
examinations are carried out, and varies from inadequate
to thorough.

A generally accepted and implemented PPSP would be
preferable, but the difficulty in achieving a consensus is
located in the vast number of governing bodies involved.
Several governments have by law implemented different
regulations, various sports organizations have started to
use their own PPSP, and a diversity of medical organiza-
tions have issued, sometimes very different, guidelines.

The aim of our review of the literature was to analyse the
reported cases of SCD among young athletes, to identify
the sports with the highest risk of SCD, and to compare
the PPSP in use.

This was to allow an evaluation of the effect of the
different methods and to assemble the parameters
required to propose to the International Olympic Com-
mittee (IOC) a generally acceptable and safe screening.

Methods

For a meta-analysis of the existing literature on sudden
death in sports and the effectiveness of PPSP the
following databases were searched: Medline (OVID Web,
1966-2004), PubMed (1966-2004), Cochrane Database
of Systematic Reviews, EBM Reviews — ACP Journal
Club, Cinahl 1982-2004, Heracles, Web of Science,
Scopus < 1960-2004. We used ‘sudden cardiac death’
and ‘preparticipation’ as keywords, combined with
‘sports’, ‘sports medicine’, ‘athletic injuries’, ‘exercise’
and ‘athletes’. Restrictions were English language and
human subjects. To be overinclusive, there were no
restrictions concerning age, sex, or study methodology.
The keyword search yielded MeSH headings, which were
exploded before they were combined. For study and data
selection, we reviewed the results of the search and
selected and grouped all studies reporting on SCD
(reported cases) and the use of PPSP. Sudden death in
athletes by other causes such as neurovascular, heat and
doping were excluded and will not be discussed.

The initial search identified 2866 articles (SCD 1493
plus PPSP 1532) after duplicates were removed.

Sudden cardiac death

A total of 1493 articles were identified by the initial
search; 124 were relevant to SCD in athletes, and were
available, after review of all the titles and abstracts. We
focused on athletes under 35 years of age, as the causes of

SCD change past 35 years, atherosclerotic coronary artery
diseases becoming much more frequent (84 versus 2%
before 35 years) [5,12-18]. Content experts within the
medical profession were contacted as well as the relevant
sports organizations to identify studies missed by
electronic searches.

We used the following criteria to select the articles
relevant to our study: articles reporting cases of SCD in
athletes, aged up to 35 years, exercise-related, and in the
absence of evidence of drug abuse.

SCD is defined as a death occurring within 1h of the
onset of symptoms in a person without a previously
recognized cardiovascular condition that would appear
fatal. An athlete is defined as a person participating in an
organized team or individual sport that requires systema-
tic training and regular competition against others, and
that places a high premium on athletic excellence and
achievement [19,20].

There were 47 articles left after this final selection
(Table 1), which we analysed.

Preparticipation screening protocols

A total of 1532 articles were identified by the initial
search; 108 were relevant to PPSP in athletes, and were
available, after review of all the titles and abstracts.
Content experts within the medical profession were
contacted as well as the relevant sports organizations to
identify studies missed by electronic searches.

We used the following criteria to select and group the
articles relevant to our study: (i) articles describing
the PPSP procedure (cardiovascular part) and using it
(= reported cases; Table 2); (i) articles describing the
PPSP procedure (cardiovascular part) but not using it
(no reported cases; Table 3); (iii) articles about PPSP,
specifically electrocardiography (ECG) or echocardiography
[41,43,45,46,48,50-53]. Thirty-one articles were selected,
with 11 in (i), 11 in (ii), and nine in (iii), and were analysed.

These groupings were reviewed and approved by an ad
hoc consensus meeting of the IOC working group on
Sudden Death in Athletes including several authors of
the primary studies included and the Medical and
Scientific Director of the I0C Medical Commission.

Outcomes of the studies were summarized for strength of
evidence. The definitions of outcome of the authors of
the studies included were accepted.

Results

Sudden cardiac death

Forty-seven articles were analysed and are represented
in Table 1. The references of the articles were noted



Table 1 Selected articles on sudden cardiac death (SCD)

Authors/journal Type of article/study No. of cases Sex (m, male; Previous symptoms Clinical data Autopsy Cardiovascular diagnosis
of SCD f, female)

[21] Basso, JACC 2000 Review 27 22 m/5 f Yes in 10 Yes in 12 27 27 AOCA

[22] Bharati, JACC 1983 Case reports 3 2 m/1f ? Yes 3 1 MVP

3 Sclerosis of ventricular septum with involvement
of conduction system

[23] Biffi, JACC 2002 Prospective 1 Tm ? Yes ? 1 ARVD
[24] Burke, JACC 1993 27 17 m/10 1 Yes in 4 ? 27 27 Presumed cardiac arrhythmias by non-athero-
sclerotic narrowing of the AV node artery
[25] Burke, Am Heart J 1991 34 31 m/3 f ? ? 30 9 Severe atherosclerosis
8 HCM
3 ldiopathic LV hypertrophy
4 Anomalous coronary artery
2 Myocarditis
1 RV dysplasia
1 Kawasaki
6 Unknown (2 tunnel arteries)
[26] Cheitlin, Circulation 1974 9+1 9m+1m ?+yes ? 9 (+1 aborted SCD) 9+1 ACCA
[27] Corrado, Circulation Prospective 31 24 m/7 Yes in some ? 31 31 ARVD
2001
[28] Corrado, Am | Med 1890 Post-mortem 22 19 m/3 f Yes in 9 Yes in some 22 6 ARVD
4 Atherosclerotic CAD
3 Conduction system pathology
2 AOCA
2 MVP
2 Mechanical causes
3 Cerebral causes
[11] Corrado, JACC 2003 Prospective 55 50 m/5 f Yes in 18 Yes in some 55 12 ARVD
10 Atherosclerotic CAD
7 AOCA
6 MVP

5 Myocarditis
4 Conduction system pathology
2 Myocardial bridge
1 HCM
1 DCM
1LATS
2 Mechanical causes
7 Non-cardiovascular causes
[29] Corrado, Br Heart J 1992 Postmortem 12 8 m/4 f Yes in 6 Yes in some 12 3 AOCA
5 Intramyocardial course of LADCA
1 Intramyocardial course of LMCA
1 Slit-like lumen of left coronary ostium
2 Valve-like ridge of right coronary ostium
[30] Corrado, NEJM 1998 Prospective 49 44 m/5 f Yes in 14 Yes in some 49 11 ARVD
Cf. study 9
9 Coronary atherosclerosis
6 AOCA
5 mMvp
4 Disease of conduction system
3 Myocarditis
2 Myocardial bridge
1 DCM
1 HCM
2 Mechanical causes
5 Other
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Table 1 (continued)

Authors/journal Type of article/study No. of cases Sex (m, male; Previous symptoms Clinical data Autopsy Cardiovascular diagnosis
of SCD f, fernale)
{311 Deady, J Emerg Med Case report 1 1m No ? 1 1 Commotio cordis
1999
[33] Fomes, Am J Forens Med 19 18 m/1 § No ? 19 4 ARVD
Pathol 2003
4 HCM
3 CAD (1 +thrombosis)
2 Bridging of LADCA
2 Myocarditis (1 chronic + 1 acute)
1 Anatomical anomaly of CA
3 Mechanical cause (rupture of aortic aneurysm)
[33] Goldschmidt, Lancet Case report 1 1m No Yes 1 1 CAD
1996
[34] Hoogsteen, Netherlands Case reports 2 2m Yes in 1 Yes 2 2 ARVD
Heart J 2004
[35] Iskandar, Med Sci Sports Case report 1 im Yes Yes 1 1 Coronary artery anomaly
Exerc 2004
[36] Joki, JAMA 1970 Case reports 2 2m ? ? 2 1 AOCA with underdevelopment of the entire
arterial system
1 Subacute myocarditis
[37] Khoury, Eur Heart J 1994 Case report 1 1m ? ? No {aborted SCD}
[38] Kramer, Chest 1988 Retrospective 24 ? Yes in some Yes in some 24 7 Myocarditis
6 HCM
3 Ischaemic heart disease
3 MVP
2 Marfan's syndrome
1 Congestive cardiomyopathy
1 Conduction abnormality
1 AOCA
[39] Larsson, APMIS 1999 Retrospective i6 15 m/1 f Yesin5 Yes in most 16 7 Myocarditis
Cf study by Wesslen
4 ARVD or ARVD-like
3 Fibrosis + hypertrophy
1 Fibrosis, fatly infiltration
1 WPW syndrome
[40] Lesauskaite, Am J For- Case report 2 cases 2male 20 and 22 Yes Yes Yes 2 Hypoplastic CAD myocardial hypoperfusion
ensic Med Pathol 1998 years
[42] Link, Chest 1998 Case report 1 im No Yes after event No {aborted SCD) 1 commotio cordis
[44] Maron, JACC 2003 18 Competitive 286 256 m/30 f Yes in 55 Yes in 252 286 102 HCM
sports
192 cases
basketball or 37 AOCA
football

29 Indeterminant, possibly HCM
20 Myocarditis

12 Ruptured aortic aneurysm
11 ARVC

11 Tunnelled coronary artery
10 Aortic valve stenosis

10 Atherosclerotic CAD

9 Idiopathic DCM

9 MVP

8 Coronary artery hypoplasia
8 Other congenital anomalies
3 Cardiac sarcoidosis

00 ON €1 [OA '000% uonpejyiqeyey pue uojjueadld IB[NdSBAO]PIRD JO |BUINO[ ueadoing




[8] Maron, JACC 1998
{47] Maron, JAMA 2002

[49] Maron, NEJM 1895
[12] Maron, JACC 1996

[2] Maron, Circulation 1980

[3] Maron, JAMA 1996

[54] Menke, Chest 1985

[56] Morentin, Arch Dis Child

2000

[58] Nilsson, Lancet 1999
[9] Phillips, JAMA 1986

Retrospective 3 3m No Yes
Retrospective 128 cases | 107 122 m/6 f ? ?
fatal

Retrospective 25 24 m/1f ? ?

Retrospective 2 Tm/if No Yes
Prospective and 29 26 m/3 f Yes in 8 Yes in 7

retrospective

Retrospective 134 SCD (+7 120 m/14 f Yes in 24 Yes in 115

commotio cordis)

Case report 1 im No Yes

Population-based 10 9m/1f Yes in some Yes in some
observational study
Case studies 2 2m Yes Yes
Retrospective 19 189 m ? ?

Yes in 82

22
2

29

Yes

3LaTs

3 Congenital heart disease

1 Myocardial-infarction

1 AOCA

1 Congenital aortic valve stenosis’ (bicuspid)
1 Myocarditis

79 Commotio cordis

16 Commotio cordis

1 Anomalous LMCA

1 Atherosclerotic CAD
14 HCM

4 AOCA

5 Idiopathic concentric LV hypertrophy

3 Coronary heart disease

2 Ruptured acrta

1 Unknown

48 HCM

14 Unexplained increase in cardiac mass (HCM?)

17 Aberrant coronary arteries

8 Other coronary anomalies

6 Ruptured aortic aneurysm

6 Tunnelled LADCA

5 Aortic valve stenosis

4 Lesion consistent with myocarditis

4 Idiopathic dilated cardiomyopathy

4 ARVD

4 ldiopathic myocardial scarring

3 MVP

3 Atherosclerotic CAD

2 Other congenital heart syndrome

1 Long QT syndrome

1 Sarcoidosis

1 Sickle cell trait

3 ‘Normal’ heart

1 Hyoplastic coronary arteries and high takeoff
position of the right coronary ostium

3 Arrhythmogenic cardiomyopathy

2 HCM

1 DCM

1 Myocarditis

1 AOCA

1 Tetralogy of Fallot

1 WPW syndrome

2 Myocarditis

8 Myocarditis

3 Coronary anomalies

2 HCM

1 Floppy mitral valve

1 Shone's syndrome (parachute mitral valve and
subaortic stenosis) +sickle cell trait

1 Focal subendocardial fibrosis and calcification
with normal coronary arteries

3 No aetiological DX
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Table 1 (continued)

Authors/journal Type of article/study No. of cases Sex (m, male; Previous symptoms Clinical data Autopsy Cardiovascular diagnosis
of SCD f, female)
[15] Quigley, JAMA 1986 Retrospective study 51 | 11< 35y 50 m/1f Yes in some ? 11 3 Atherosclerotic CAD
2 Aortic stenosis
1 HCM
1 Congenital coronary artery anomaly
1 Cardiac arrhythmia
1 Multiple areas of fibrosis on myoccardium
2 Non-cardiac
{61] Rozin, Am J Forens Med Retrospective 1 im No ? 1 1 Kawasaki disease
Pathol 2003 review
[62] Schignning, Am J Forens Retrospective 3 2m/lf Yes in one Yes in 2 3 3 ARVD
Med Pathol 1997
[63] Scoville, Am J Prev Med  Population-based 59 ? ? ? 59 27 Coronary artery abnormality
2004 review
12 Myocarditis
5 Cardiomyopathy
6 Atherosclerotic cardiovascular disease
3 Conduction system abnormality
3 Cardiac valvular disease
2 Myocardial fibrosis
1 Ephedrine-induced arrhythmia
[64] Tabib, Circulation 2003 Retrospective 7 3 m/4 f ? ? 7 7 ARVD
[66] Tabib, Eur Heart J 1999 Retrospective 80 77 m/3 f No ? 80 27 Atherosclerotic CAD (1<30y)
19 HCM
9 DCM
8 ARVD
5 His bundle structural anomalies
2 Scarred myocardial bruising
2 Muscular bridging in LADCA
2 Congenital aortic bicuspid stenosis
1 Aneurysm (Kawasaki disease)
1 Asymmetric HCM
1 Tawarien mesothelioma
1 Marfan disease
1 MVP +IAC +fibrosis of His bundle trunk
[55] Taylor, J Am Coll Cardiol Retrospective 242 autopsies | 34 201 m/41 f Yes in some ? 34 18 LMCA and RCA from R Ao sinus
1992 cardiac and
exercise-related
6 RCA and LMCA from L Ao sinus
3 Hypoplastic CA
2 LMCA or LAD from pulmonary trunk
2 RCA and/or LMCA from posterior Ao sinus
2 Single RCA ostium from aorta
1 Single LCA ostium from aorta
[69] Tecce, Catheterization Case report 1 1m No ? No {aborted SCD) 1 Spasm of left anterior descending artery
and Cardiovasc Diagnosis
1994
[71] Thakore, J Accid Emerg Case reports 2 2m No ? 2 1 Commotio cordis
Med 3000 B — - - -
[73] Trusty, AACN Clinical Case report 1 1m No Yes No (aborted SCD) 1 HCM
issues 2004
[75] Warren, West J Med Case report 1 1f Yes Yes 1 1 Familial cardiomyopathy (HCM?)

1979
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(4<35y)
7 Cardiomyopathy (<35 y)

20 Atherosclerotic cardiovascular disease
4 Myocarditis (<35 y)

1 Fibrosis, fatty infiltration + hypertrophy

1 Anatomical basis for pre-excitation
1 Early healing myocarditis + HCM?

1 Earlier myocarditis?
1 Fibrosis of bundle of His (<35 y)
1 Commaotio cordis (<35 y)

17 (Autopsy 6 days after death)
1 Undetermined (<35 y)

5 Active myocarditis

4 ARVD-like alterations

1 HCM + healed myocarditis

1 Marfan syndrome (<35 y)

1 MVP (<35 y)

8 Ischaemic heart disease (CAD)

16
36

Yes in 16
Yes in 19

Yes in 5
Yesin 2

15 m/ f
3B m/tf

18
36

Retrospective for
14/16 cases
Retrospective
Retrospective case
series

1996
2000
RCA, right coronary artery; RV, right ventricle; WPW, Wolff-Parkinson—-White; Y, years old; In italics, articles about cases already reported (the most recent or complete was considered). Underlined, cases of commotio

HCM, hypertrophic cardiomyopathy; IAC, intra-atrial communication; LADCA, left anterior descending coronary artery; LMCA, left main coronary artery; LOTS, long QT syndrome; LV, left ventricle; MVP, mitral valve prolapse;
cordis.

Ao, Aorta; AOCA, anomalous origin of coronary artery; ARVD, arrhythmogenic right ventricular dysplasia;‘ AV, atrioventricular; CA, coronary artery; CAD, coronary artery disease; DCM, dilated cardiomyopathy; DX, diagnosis;

[77] Wesslen, Eur Heart )
[17] Yanai, J Clin Forens Med
[80] Young, MJA 1999
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(classified in alphabetical order according to the last
name of the first author), the type of article, the number
of reported cases, the age and sex of the cases, the
activity when SCD occurred, the eventual presence of
previous symptoms and clinical data, whether an autopsy
was carried out, and finally the cardiovascular diagnosis.

The articles were either case reports, relating the death
of one or several athletes, or larger retrospective, some-
times prospective, studies. They were published between
1970 and 2004. The total of reported cases of SCD in
athletes is 1101 cases (articles reporting the same cases
are excluded, and appear in italics). This total includes
the 103 cases of commotio cordis (blunt trauma to the
chest, not particularly violent, that causes arrhythmias
potentially followed by death) found in the articles
(underlined).

The 1101 cases were grouped after pathology, according
to the cardiovascular diagnosis, into 10 groups and 31
subgroups, as shown in Table 4. Coronary artery
anomalies, half of them being anomalies of the origin of
the coronary artery, the other half anomalies of the course
of the coronary artery, and hypertrophic cardiomyopathy
(HCM) are the two largest groups, with 262 and 261
cases, respectively. Traumatic cases of SCD being
excluded (103 cases), there are 998 remaining cases, as
shown in Fig. 1.

Focusing on the youngest athletes, 80 out of 199 were
under 18 years of age, which represents as much as 40% of
the cases, and 67 were under 16 years, 20% of the cases,
with all types of underlying cardiac pathologies.

The cases were also grouped according to the sports the
athletes were engaged in when sudden death occurred
(Fig. 2). In 388 cases the sport practised when SCD
occurred was mentioned. Deaths by commotio cordis
(103) are not included in this figure.

Preparticipation screening protocols

A total of 108 articles were considered, and 31 articles
were examined more closely, separated into three groups.
(i) Articles describing the PPSP procedure (cardiovas-
cular part) and using it (* reported cases): 11 articles.
The articles were classified in Table 2, by alphabetical
order of the first author. We looked at the population
screened, where the PPSP was produced and when, who
was performing the PPSE at what frequency, what was
the content of the PPSP (medical history, physical
examination, non-invasive tests), the number of athletes
screened, the number of athletes disqualified by the
PPSP and the number of SCDs. (ii) Articles defining the
PPSP procedure (cardiovascular part) but not using it; no
reported cases: 11 articles. The articles were classified in
Table 3, by alphabetical order of the first author. We
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Table 2 Articles describing the preparticipation screening protocols procedure (PSPP) and using it

for]
Authors Population screened Origin of Persons performing PPSP Frequency of Content No. of athletes No. of athletes No. of SCD E
protocol screening screened disqualified .g
©
[68] Bader, 2004 School grades 7-12 USA 2001 Healthcare professionals Every 2 years MH - - - 2
PhE 5
NiTa =
[81] Brukner, 2004 Athletes <35 years Australia Doctors On admission + MH - - - H
regular basis =
PhE -
NIT® Q
[82] Cantwell, 1998 Athletes USA Doctor ? MH - - - a
PhE e
NIT2 2
[30]-Corrado, 1998 Athletes <35 years ltaly ? ? MH 33735 1058: CV cause: 269 SD, 49 in 2
(prospective study) 6211 SD compet. athletes o
PhE o
NIT o
3016 Echo ®
[70] Fuller, 1997 High school: 13-19 years USA MH, BP, ECG by cardiac technician ? MH 5815 22 1 Aborted SCD 2
(prospective study) Cardiologists g
PhE o
NIT 582 Echo 2
[72] Gilover, 1998 High school, grades 9~12 USA 21/51 Others than physicians OK ? MH - - - g
PhE =g
[74] Koester, 2003 High school USA 72/154 OK by nurse practitioner ? MH - - - =
39/154 OK by physician assistant PhE =
22/154 OK by chiropractors =
12/164 OK by naturopathic clinicians ]
[83] Maron, 1987 College: 17-30 years USA 3 Clinicians member of Health Center Annual MH 501 Athletes 0 -
(prospective screening) staff P
PhE S
NIT 90 Echo =
[76] Pfister, 2000 College USA Team physician 603/713 (451 Annual in 446/879 MH - - - E
orthoped surg, 149 internal med, -
32 pediatr) «
135 OK by nurse practitioners On college entry in PhE OZ
433/879 o]
244/713 OK by athletic trainers NIT in 58 ©
[78] Smith, 1998 High school USA Physicians and residents + therapists, Every 8 years MH 2739 Athletes 58 (10 for cardiac -
dietitians, secretaries, nurse counsellor reasons)
in sports psychology
Final decision by physician PhE +17 cases with CV
anomalies where fol-
low-up was recom-
mended
UClJ, 2003 Cyclists Switzerland Team doctor 6 Months—2 years MH 14 Cyclists with life- 14 1 8CD (ARVD)
+in case of symp- threatening CV pro- before disqual.
toms blems (21-35 years)
PhE
NIT (echo and stress 7 SCD after disqual.
ECG every other
year)

ARVD, Arrhythmogenic right ventricular dysplasia; BP, blood pressure; CV, cardiovascular; ECG, electrocardiogram; MH, medical history; NIT, non-invasive tests; PhE, physical examination; SCD, sudden cardiac death; SD,
sudden death. *Not routine.



Sudden cardiac death in athletes Bille et al. 9

Table 3 Articles describing a preparticipation screening protocols procedure, without using it

Authors Origin of protocol, year when Persons performing PPSP Frequency of screening Content
introduced
[79]) Armsey, 2004 Athletes high school and college  Sporis medicine team (PPSP stations) Every 3-4 years {some places MH
(USA) every year): full PPSP screening
Athletic training staff Yeatrly: medical history PhE
Team orthopaedists Further testing not
discussed
Team medical staff (medical exam,
orthopaedic assessment and checkout
by physician)
[84] Backermann, Athletes high school and college ? AHA 1996 recommends: every 2 MH
2004 Stanford CA (USA) years for young athletes + annual
BP for college athletes
PhE
NIT
[85] Drezner, 2000 Athletes high school and college ? AHA 1986 recommends: for high MH
(USA) school athletes every 2 ysars
+interim history in intervening
years. For college athletes,
history and BP every year
PhE
NIT*
[86] Glorioso, 2002 AHA recommendations + Marfan ? ? MH
screening
PhE
NIT
[87] Gomez, 1999 Survey of 500 US high schools— ? ? MH Further testing
254 responses. Recommenda- not discussed
tions from the American Acad-
emy of Pediatrics.
[88] Kurowski, 2000  Preparticipation athletic evaluation, ? ? MH
lllinois (USA)
PhE
NIT®
[89] Lyznicki, 2000 CV screening of student athletes,  Trained healthcare worker, preferably For high school athletes, every MH
AHA recommendations (18) a physician (AMA recommends only 2 years with an interim history
PPSP Task Force (18) licensed physicians) in intervening years
PhE
. NIT?
[90] Maron, 1996 AHA scientific statement (USA) Healthcare worker with requisite training.  Before participation then every MH
(+1998 addendum)  1996. High school and collegiate  Preferably a licensed physician 2 years. Interim history in
athletes intervening years + BP
PhE
NIT®
[91] Metzl, 2001 PPSP of the adolescent (USA)} Physician ? MH
(NB: not focused on CV system)
PhE Refer to
cardiologist for further
investigations
[92] O'Connor, 1998  AHA recommendations (American ? Before participation then every 2 MH

Academy of Family Physicians)

[93] Soni, 1997 Children

Physician

years. Interim history in interven-
ing years
PhE Refer to cardiolo-
gist for further
investigations
MH
PhE
NIT (*by specialist)

To be reviewed on an ongoing basis

AHA, American Heart Association; AMA, American Medical Association; BP, blood pressure; MH, medical history; NIT, non-invasive tests; PPSP, preparticipation

screening protocol; PhE, physical examination. *Not routine.

looked at the origin of the protocol, the persons
performing the PPSP, the frequency of screening and
the content of the protocol. (iii) Articles about PPSP,
specifically ECG or echocardiography: nine articles
[41,43,45,46,48,50-53]. We focused on the utility of the
test for diagnosing underlying cardiovascular diseases, the
indications for using the test, the cost-effectiveness, and
the opinion of the author on the test.

Discussion

Physical activity is promoted and encouraged in society. It
is considered healthy, with positive effects on the body
and the mind. Healthcare and educational systems incite
the population to be active in sports. The increased risk
of exercise-related sudden death [10,55,57] might pose
an irrelevant question mark on this statement, which is
not justified because the positive effects of regular
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Table 4 Causes of sudden cardiac death

Fig. 1

Pathology No. of Pathology subgroups No. of
groups cases cases
Congenital 326  Coronary artery anomalies: 262
Origin (L>R) 126
Course (L>R) 124
Spasm (LCA) 1
Hypoplasia 12
Cardiac valve diseases: 50
Mitral valve prolapse 27
Aortic valve stenosis 20
Unspecified 3
Shone's syndrome 1
Cardiomyopathies 308  Hypertrophic cardiomyopathy 261
Dilated cardiomyopathy 24
Unspecified 12
Myocardial scarring 6
Sickle cell trait 1
Fibrosis + fatty infiltration 5
Unspecified 13
Arrhythmia 126 Arrhythmogenic right ventricular 97
cardiopathy/dysplasia
Long QT syndrome [
Conduction system pathology 20
Wolf-Parkinson-White 1
syndrome
Anatomical basis for 1
preexcitation
Ephedrine-induced arrhythmia 1
Unspecified 1
Atherosclerotic 112 Atherosclerotic coronary artery 112
disease
Trauma 103  Commotio cordis 103
Infectious 78  Myocarditis 78
Degenerative 31 Cardiac sarcoidosis 4
Marfan's syndrome 4
Ruptured aorta (aneurysm) 23
Undetermined 10 10
Acquired 3  Kawasaki 3
‘Normal heart’ 3 . 3
Total 1101 1101
L, Left; LCA, left coronary artery; R, right.
physical activity far outweigh the negative effects.

Exercise-related sudden death can have many causes,
such as cardiac, asthma or other pulmonary conditions,
heat stroke (hyperthermia and dehydration), cerebral
embolism or ruptured cerebral artery, trauma of the spine
or head, drug abuse and doping. Doping is often
considered to be the main cause of sudden death by
the media and lay people [59], which seems unlikely, as
underlying cardiac diseases account for approximately
90% of exercise-related sudden deaths [5-7].

The incidence of SCD in young athletes is 0.5-2/100 000
per year [6,8-10]. Although the underlying forms of
cardiac pathology are infrequent, they are represented in
the athletic population as they are in the general
population. The intense physical training and competi-
tion, with the accompanying higher cardiovascular
demands, enhances the risk of athletes suffering serious
consequences from their underlying cardiovascular dis-
ease [2,3]. The identification of the pre-existing pathol-
ogy suggests that sport itself is not per s the cause of the
increased mortality; it rather acts as a trigger upon

8% 39
11% ) °ow

31%

Causes of sudden cardiac death. 3, Congenital anatomical; &,
cardiomyopathies; O, arrhythmias; £, atherosclerotic; &, infectious;
f@l, degenerative; [, undetermined; [J, acquired; &, ‘normal heart',

underlying cardiovascular diseases, predisposing to life-
threatening ventricular arrhythmias during physical
exercise.

The unfortunate absence of national or international
registers, which could provide precise data, suggests that
SCD, although the present numbers are already impress-
ive, is probably under-reported. The absence of precise
data makes our/any analyses of reasons for SCD fragile
and probably biased. For example, coronary artery
diseases and HCM are the leading causes of SCD but
are also the easiest to find; more difficult to find causes
such as arrhythmias and arrhythmogenic right ventricular
dysplasia may be under-represented. Cardiac causes of
sudden death in the cases reported are listed in Table 4.
Congenital coronary anomalies, such as abnormal origin
and abnormal course of the coronary arteries and HCM
are the leading causes of SCD [3,4,6,7,17-19,60]. The
reported leading causes of SCD, however, vary greatly
from author to author. Corrado er &/ [11] reported
coronary artery anomalies (atherosclerotic and non-
atherosclerotic) as by far the leading group with 30% of
cases, whereas HCM accounts for only 7% [27,29,30].
Hoogsteen ez @/ [34] reported 38% of cases caused by
HCM, with 26% of coronary artery anomalies.

The low proportion of SCD with a normal heart at
pathological examination is another point of interest,
which probably has to do with the interest of the
pathologist or cardiologist to report on clearcut pathology
rather than normal conditions, together with the fact that
in our study we excluded all potential doping-related
events.

A remarkable point is that atherosclerotic coronary artery
disease already plays an important role in SCD in the
young athlete; this premature form of atherosclerosis
accounts for 2-20% of the cases of SCD depending on the
study, and has long been overlooked.
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Number of cases of sudden cardiac death (SCD) by sport.
Table 5 Classification of sports
Examples Low isotonic Moderate isotonic High isotonic
Low isometric Golf Volley-ball Soccer
Moderate isometric Equestrian Running sprint Basketball
High isometric Gymnastics Downhill skiing Cycling

Congenital anatomical heart diseases, cardiomyopathies
and atherosclerosis represent 75% of the cases of SCD
reported, if traumatic causes (commotio cordis) are
excluded (Fig. 1). The various percentages of cardio-
pathic causes can be explained by the different
incidences of the cardiopathies, HCM having an in-
cidence of only 1/500 [4,6,65,67], whereas anatomical
anomalies of the coronary arteries have an incidence of
0.3-1/100 [5,55].

A strikingly high percentage of very young athletes suffer
from SCD. We found that approximately 40% of the total
of SCD, in which the age was specified, occurred in
athletes under 18 years of age, 80 of 199 athletes (out of

the total 998 cases), 67 of these were even younger than
16 years. In the remaining 799 (998-80) the age was not
specified.

To assess the risk of SCD, sports can be classified
depending on the dynamic (isotonic) and static (iso-
metric) work (Table 5). We grouped the reported cases
by sport in Fig. 2, which shows that football/soccer,
basketball and running/orienteering are the largest but
not necessarily the most dangerous groups. They
probably encompass the largest population of sports
participants, because of their popularity. This does not
mean that although these sports provide the largest
number of SCD they necessarily are the sports with
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Table 6 Lausanne Recommendations: sudden cardiovascular death in sport. Preparticipation cardiovascular screening. Under the umbrella
of the International Olympic Committee Medical Commission, 10 December 2004

Step 1: For all'participants

Potentially detectable cardiovascular conditions

Personal history: Questionnaire by examining physician
Have you ever fainted or passed out when exercising?
Do you ever have chest tightness?
Does running ever cause chest tightness?
Have youi ever had chest tightness, cough, wheezing, which made it difficult
for.you to perform in sports?
Have you ever been treated/hospitalized for asthma?
Have you ever had a seizure?
Have you ever been told that you have epilepsy?
Have you ever been told to give up sports because of health problems?
Have you ever been told you have high blood pressure?
Have you ever been told you have high cholesterol?
Do.you have trouble breathing or do you cough during or after activity?
Have you ever been dizzy during or after exercise?
Have you ever had chest pain during or after exercise?
Do you have or have you ever had racing of your heart or skipped heartbeats?
Do you get tired more quickly than your friends do during exercise?
Have you ever been told you have a heart murmur?
Have you ever been told you have a heart arrhythmia?
Do you have any other history of heart problems?
Have you had a severe viral infection (for example myocarditis or mononucleosis)
within the past month?
Have you ever been told you had rheumatic fever?
Do you have any allergies?
Are you taking any medications at the present time?
Have you routinely taken any medication in the past two years?
Family history: Questionnaire by examining physician
Has anyone in your family less than 50 years old:
Died suddenly and unexpectedly?
Been treated for recurrent fainting?
Had unexplained seizure problems?
Had unexplained drowning when swimming?
Had unexplained car accident?
Had heart transplantation?
Had a pacemaker or defibrillator implanted?
Been treated for irregular heart beat?
Had heart surgery? )
Has anyone in your family experienced sudden infant death (cot death)?
Has anyone in your family been told they have Marfan syndrome?
Physical examination:
General:
Peripheral pulses
Marfan stigmata
Cardiac auscultation:
Rate/rhythm
Murmur: systolic/diastolic
Systolic click
Blood pressure
Diagnostic tests:
12-lead rest ECG:
(after the onset of puberty)

Step 2: Selected cases with positive personal history, family history of potentially
inherited cardiac disease, or positive physical or ECG findings in Step 1
require further evaluation by an age-appropriate cardiac specialist to qualify
the athlete for sports participation

Further evaluation may include transthoracic echocardiography, maximal exercise
testing, and 24-h ECG monitoring. In addition, non-invasive screening of family
members may provide valuable information about inherited cardiovascular
disease

Any cardiovascular condition

Inherited cardiomyopathy (hypertrophic,
arrhythmogenic RV, dilated)

Inherited heart rhythm problem/cardiac ion
channel diseases (long and short QT
syndrome, Brugada syndrome, Lenégre
disease, catecholaminergic polymorphic VT)

Connective tissue disorders

Coarctation of the aorta
Aortic dilatation, mitral valve prolapse

Ventricular ectopic beats

Structural heart disease, outflow tract

obstruction

Aortic valve disease

Hypertension

Abnormal heart rate for age (unexplained sinus tachycardia or bradycardia)
Abnormal heart rhythm

PR/ORS: WPW

QTc/T wave: long or short QT syndrome

T wave inversion/flattening: myopathy

ECG, electrocardiogram; IOC, international Olympic Committee; RV, right ventricle; VT, ventricular tachycardia; WPW, Wolff-Parkinson-White syndrome.

the highest risks. The sports with the highest cardio-
vascular demands and the highest isotonic work
remain therefore to be more at risk of SCD, but because
of a smaller number of participants have a smaller
absolute number of SCD. This does not mean that

the mentioned examples of sports per se represent a risk
of SCD.

After reviewing the causes of SCD and the sports with
the highest risk of a cardiac event, the PPSP was



considered. The studies reviewed reveal that the
protocols are often considered as recommendations, and
are only partly used. Some are considered inadequate for
cardiovascular evaluation and contain four or fewer items
recommended by the American Heart Association. The
existing protocols all include a medical history and a
physical examination, in some cases diagnostic tests, of
varying content. The person performing the screening is
also variable, some places allowing non-physicians
[19,68,70,72,74,76,78,79,89,90] to conduct the examina-
tion, which decreases the chances of positive findings.
One wonders what the results will be when technicians,
nurses, chiropractors, or athletic trainers perform the
cardiovascular screening.

Even if a general consensus concerning the need for
screening did exist, cost-effectiveness and the fact that it
is not possible to prevent all deaths constitute a major
problem. The Italian screening programme, consisting of
history, physical examination and ECG seems to be cost-
effective and efficient. Abnormal ECG lead to further
investigations (often echocardiography) to detect cardi-
ovascular diseases at risk of sudden death in athletes. As
only 9% are false positives, the low cost of the ECG
justifies this small percentage of unnecessary echocardio-
graphies. As sport is a voluntary activity, death should not
occur or at least be prevented as much as possible.
Knowing the amount of money spent on top sports, the
budget should also allow for the most efficient screening,
to be performed by professionals.

The articles studied in the PPSP parts (i) and (ii) show a
striking lack of uniformity, considering both quantity, the
number of questions and tests, and quality. Although the
protocols studied are aimed at detecting underlying
cardiovascular diseases, in some the application of the
recommendations is so limited that the usefulness of
such screenings is questionable. The quality of the
screening will not change its cost, as far as medical history
and physical examination are concerned.

When it comes to the diagnostic tests, there are varying
approaches, depending mostly on the population
screened. Mass screenings in high schools and colleges
most often do not comprise routine diagnostic tests, but
in some places an ECG is included [30,70,83,84,93].
Suspect cases are referred to specialists for further
investigations. In screening protocols for elite athletes,
ECG and echocardiography at least are often routine
[94]. This is the case for example in the programme of
obligatory examinations of the International Cycling
Union.

ECG and echocardiography each have their strong and
weak points, and uniformity is-not reached here either.
ECG can often be abnormal in well-trained athletes
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[4,41,95-97], with patterns resembling those found in
cardiovascular diseases such as HCM, which is the origin
of many false positives. Despite this disadvantage, it is
still considered a valuable screening tool because of its
high negative predictive value and its low cost. Echo-
cardiography on the contrary is expensive, but can reveal
the pathologies most frequently encountered in SCD.

Our meta-analysis aims to provide a well furnished
literature basis and form a platform for a generally
accepted PPSP. The cooperation with the I0C and the
consensus meeting on SCD in athletes organized by the
Medical Commission of the IOC provided a tool to come
to a generally acceptable screening procedure adopted by
the IOC as the Lausanne Recommendations.

The Lausanne Recommendations (Table 6) are aimed at
preventing SCD. We have assembled elements from the
various existing protocols and studies that will help us
best detect underlying cardiovascualr diseases that could
cause SCD in athletes. It is a stepwise approach.

Step 1 is the basic screening that should be offered to
every athlete. It is focused on detecting underlying
cardiovascular diseases and includes a detailed personal
history, a family history, a physical examination and a 12-
lead ECG. The questionnaire consists of preconceived
closed questions, in which a ‘yes—no’ answer has to be
given. Any ‘yes’ requires further enquiry. The family
history is focused on cardiovascular diseases, either
congenital or acquired, and premature sudden death. It
is important that the physician performing the screening
is trained to focus on the possible cardiac problems of
intense sport, and that he/she can read the 12-lead ECG.

Step 2 follows step 1 in case of positive findings in the
medical history (personal or family history) or in the
diagnostic tests of the first step. These further evalua-
tions and investigations are the concern of a cardiologist.
The tests in step 2 are chosen according to the type of
positive finding,

These Recommendations should be offered to the
athletes with an explanation of the tests performed and
the results that can be expected, and it should be clear
that it is a voluntary participation for the athlete.
Therefore his/her participation in the screening should
be preceded by the signing of a form stating the written
and informed consent and his/her right not to know
should be respected in the case of refusal. Most recently,
shortly after the acceptance of the Lausanne Recom-
mendations, both the European Society of Cardiology
[98] and the American Heart Association [99,100]
published their recommendations. The European Society
of Cardiology report recommendations coincide with
the Lausanne recommendations (including the use of
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a 12-lead ECG), whereas the Bethesda Conference
discussed the use of an ECG, but felt it was currently
inappropriate to advise for use in the United States.

Limitations of the study

Several limitations in this study need to be specified. The
definition of an athlete is very vague, without any
quantitative values. Gompetition does not either have a
quantitative definition.

The most important limitation however is that SCD in
young athletes as reported in the published and studied
papers is certainly underestimated. Most of the events
occur in youth potentially involved in sports activities,
which are not reported in the literature. SCD is therefore
likely to have comprised more than the 1101 athletes in
the 38-year period across the world, which we reported.
The lack of national or international registers and the
uncertainty of the number of athletes involved forms the
basis of this problem. An effort to inventory all cases of
SCD in the future scems mandatory.

A bias resides in the fact that some articles do not give
the precise age of every case reported, but sometimes
only an age range for the whole group considered.

Certain sports are under-reported in the articles studied,
such as cycling and rowing/canoeing. There are newer
articles on cycling [101], which show significant numbers
as reported to the smaller groups concerned. The
International Cycling Union Cardiology Subcommission
reports 14 competitive cyclists with major life-threaten-
ing cardiovascular problems. The athletes had trained and
participated in competition for at least 5 years. They all
seem to have developed an acquired form of right
ventricular electrical instability.

Despite these limitations, this article tries to report facts
and draw conclusions and cannot provide a final answer,
but may provide a uniform format to help diminish this
mortality. Further studies of efficacy are needed.

Conclusion

Sudden death in athletes is a serious problem that
requires serious attention. The vast majority of these
sudden deaths are caused by underlying cardiovascular
diseases. Therefore, the general idea that most sudden
deaths in sports are related to doping is contradicted by
the large numbers of sudden deaths related to underlying
cardiovascular diseases.

The importance of the group of athletes suffering SCD
under 18 or even 16 years of age is to be noted, and a
serious screening should be offered to teenagers training
and competing at a high level.

Premature atherosclerosis in young athletes leads to
death in a surprisingly large group of competitive
athletes, when it was long thought to be a cause of death
almost exclusively concerning older athletes.

The large variety of PPSP and the variability of persons
using them prevent a serious evaluation of their efficacy.
This evaluation would benefit from unified preparticipa-
tion recommendations, for which we propose the
Lausanne Recommendations.

References

1 Albert CM, Mittleman MA, Chae CU, Lee IM, Hennekens CH, Manson JE,
Triggering of sudden death from cardiac causes by vigorous exertion
[see Comment]. N Engl J Med 2000; 343:1356-1361.

2 Maron BJ, Roberts WC, McAllister HA, Rosing DR, Epstein SE. Sudden
death in young athletes. Circulation 1880; 62:218-229,

3 Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller FO.
Sudden death in young competitive athletes, Clinical, demographic, and
pathological profiles. JAMA 1996; 276:199-204.

4 Maron BJ. Sudden death in young athletes [see Comment] [Review]
[100 refs]. N Engl J Med 2003; 349:1064-1075.

6 Virmani R, Burke AP, Farb A. Sudden cardiac death. Cardiovasc Pathol
2001;10:211-218.

6 Firoozi S, Sharma S, Hamid MS, McKenna W), Sudden death in
young athletes: HCM or ARVC?. Cardiovasc Drugs Ther 2002;
16:11-17

7 Firoozi S, Sharma S, McKenna W, Risk of competitive sport in young
athletes with heart disease [Review] [25 refs]. Heart (British Cardiac
Society) 2003; 89:710-714.,

8 Maron BJ, Gohman TE, Aeppli D. Prevalence of sudden cardiac death
during competitive sports activities in Minnesota high school athletes.

J Am Coll Cardiol 1998; 32:1881-1884,

9 Phillips M, Robinowitz M, Higgins JR, Boran KJ, Reed T, Virmani R. Sudden
cardiac death in Air Force recruits. A 20-year review. JAMA 1986;
256:2696-2699.

10 Thompson PD. The cardiovascular complications of vigorous physical
activity [see Comment] [Review] [56 refs]. Arch Intern Med 1996;
156:2297-2302.

11 Corrado D, Basso C, Rizzoli G, Schiavon M, Thiene G. Does sports activity
enhance the risk of sudden death in adolescents and young adults?

[see Comment]. J Am Coll Cardiol 2003; 42:1959-1963.

12 Maron BJ, Poliac LC, Roberts WO, Risk for sudden cardiac death
associated with marathon running [see Comment]. J Am Coll Cardiol
1996; 28:428~431,

13 Northcote RJ, Evans ADB, Ballantyne D. Sudden death in squash players.
Lancet 1984; 1:148-150,

14 Northcote RJ, Flannigan C, Ballantyne D. Sudden death and vigorous
exercise ~ a study of 60 deaths associated with squash. Br Heart J 1986;
565:198-203,

16 Quigley F. A survey of the causes of sudden death in sport in the Republic
of Ireland. Br J Sports Med 2000; 34:258-261.

16 Whittington RM, Banerjee A. Sport-related sudden natural death in the City
of Birmingham. J Roy Soc Med 1994, 87:18-21,

17 Yanai O, Phillips ED, Hiss J. Sudden cardiac death during sport and
recreational activities in Israel. J Clin Forens Med 2000; 7:88-91,

18 Leski M. Sudden cardiac death in athletes. Southern Med J 2004;
97:861-862.

19 Maron BJ, Thompson PD, Puffer JC, McGrew CA, Strong WB, Douglas
PS, et al. Cardiovascular preparticipation screening of competitive athletes.
A statement for health professionals from the Sudden Death Committee
(clinical cardiology) and Congenital Cardiac Defects Committee
(cardiovascular disease in the young), American Heart Association.
Circulation 1996; 94:850-856,

20 Bethesda Conference: recommendations for determining eligibility for
competition in athletes with cardiovascular abnormalities. January 6-7,
1994, Med Sci Sports Exerc 1994; 26:5223-8283,

21 Basso C, Maron BJ, Corrado D, Thiene G. Clinical profile of congenital
coronary artery anomalies with origin from the wrong aortic sinus leading to
sudden death in young competitive athletes. J Am Coll Cardiol 2000;
35:1493~1501.



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

48

Bharati S, Bauernfeind R, Miller LB. Sudden death in three teenagers:
conduction system studies. J/ Am Coll Cardiol 1983; 1:879-886.

Bitfi A, Pelliccia A, Verdile L, Fernando F, Spataro A, Caselli S, et al.
Long-term clinical significance of frequent and complex ventricular
tachyarrhythmias in trained athletes. / Am Coll Cardiol 2002; 40:
446-452,

Burke AP, Subramanian R, Smialek J, Virmani R. Nonatherosclerotic
narrowing of the atrioventricular node artery and sudden death. / Am Coll
Cardiol 1993; 21:117-122,

Burke AP, Farb A, Virmani R, Goodin J, Smialek JE. Sports-related and
non-sports-related sudden cardiac death in young adults. Am Heart

J 1991; 121:5668-575.

Cheitlin MD, De Castro CM, McAllister HA. Sudden death as a
complication of anomalous left coronary origin from the anterior sinus

of valsalva. A not so minor congenital anomaly. Circulation 1974;
60:780-787

Corrado D, Basso C, Buja G, Nava A, Rossi L, Thiene G. Right bundle
branch block, right precordial st-segment elevation, and sudden death in
young people. Circulation 2001; 103:710-717

Corrado D, Thiene G, Nava A, Rossi L, Pennelli N. Sudden death in young
competitive athletes: clinicopathologic correlations in 22 cases. Am J Med
1990; 89:688-596.

Corrado D, Thiene G, Cocco P, Frescura C. Non-atherosclerotic
coronary artery disease and sudden death in the young. Br Heart J 1992;
68:601-607.

Corrado D, Basso C, Schiavon M, Thiene G. Screening for hypertrophic
cardiomyopathy in young athletes. N Engl/ J Med 1998; 339:364-369.
Deady B, Innes G. Sudden death of a young hockey player: case report of
commotio cordis. J Emerg Med 1999; 17:459-462,

Fornes P, Lecomte D, Pathology of sudden death during recreational sports
activity: an autopsy study of 31 cases [see Comment]. Am J Forens Med
Pathol 2003; 24:9~16,

Goldschmidt-Clermont PJ, Shear WS, Schwartzberg J, Varga CF, Bray PF.
Clues to the death of an Olympic champion [see Comment]. Lancet 1996;
347:1833,

Hoogsteen J, Bennekers JH, van der Wall EE, van Hemel NM, Wilde AAM,
Crijns HIGM, et al. Recommendations and cardiological evaluation of
athletes with arrhythmias. Part |, Netherlands Heart J 2004;
12:167-164,

Iskandar EG, Thompson PD. Exercise-related sudden death due to an
unusual coronary arlery anomaly. Med Sci Sports Exerc 2004;
36:180-182,

Jokl E, McClellan JT. Exercise and cardiac death. JAMA 1970; 213
14891491,

Khoury Z, Keren A, Benhorin J, Stern S, Aborted sudden death in a young
patient with isolated granulomatous myocarditis. Eur Heart J 1994;
15:397-399,

Kramer MR, Drori Y, Lev B. Sudden death in young soldiers. High incidence
of syncope prior to death. Chest 1988; 93:345-347,

Larsson E, Wesslen L, Lindquist O, Baandrup U, Eriksson L, Olsen E,

et al. Sudden unexpected cardiac deaths among young Swedish orienteers
- morphological changes in hearts and other organs. APMIS 1999;
107:325-336.

Lesauskaite V, Valanciute A, Causes of sudden cardiac death in young
athletes: the role of hypoperfusion. Am J Forens Med Pathol 1919;
167-161,

Pellicoia A, Maron BJ, Culasso F, Di Paolo FM, Spataro A, Biffi A, et al.
Clinical significance of abnormal electrocardiographic patterns in trained
athletes. Circulation 2000; 102:278-284,

Link M8, Ginsburg SH, Wang PJ, Kirchhoffer JB, Berul Cl, Estes NA Ill,
Paris YM, Commotio cordis: cardiovascular manifestations of a rare
survivor, Chest 1998; 114:326-328,

Pelliccia A, Di Paolo FM, Maron BJ. The athlete's heart: remodeling,
electrocardiogram and preparticipation screening. Cardio/ Rev 2002;
10:85-90.

Maron BJ, Carney KP, Lever HM, Lewis JF, Barac |, Casey SA, Sherrid MV.
Relationship of race to sudden cardiac death in competitive athletes with
hypertrophic cardiomyopathy. J Am Coll Cardiol 2003; 41:974-980.
Sharma 8, Whyte G, Elliott P, Padula M, Kaushal R, Mahon N,

McKenna W). Elsctrocardiographic changes in 1000 highly trained
junior elite athletes [see Comment]. Br J Sports Med 1999; 33:
319-324,

Kinoshita N, Mimura J, Obayashi C, Katsukawa F, Onishi S, Yamazaki H.
Aortic root dilatation among young competitive athletes:
echocardiographic screening of 1929-athletes between 15 and 34 years
of age. Am Heart J 2000; 139:723-728,

47

48

49

50

51

52

53

64

65

56

57

68

59

60

61

62

63

64

66

66

67

68

69

70

Sudden cardiac death in athletes Bille et al. 15

Maron BJ, Gohman TE, Kyle SB, Estes NA [ll, Link MS. Clinical profile
and spectrum of commotio cordis [see Comment]. JAMA 2002;
287:1142-11486,

Lewis JF, Maron BJ, Diggs JA, Spencer JE, Mehrotra PP, Curry CL.
Preparticipation echocardiographic screening for cardiovascular disease in
a large, predominantly black population of collegiate athletes, Am J Cardiol
1989; 64:1029-1033.

Maron BJ, Poliac LC, Kaplan JA, Mueller FO. Blunt impact to the chest
leading to sudden death from cardiac arrest during sports activities

[see Comment]. N Eng/ J Med 1995; 333:337-342,

Murry PM, Cantwell JD, Heath DL, Shoop J. The role of limited
echocardiography in screening athletes. Am J Cardiol 1995; 76:
849-850.

Pelliccia A, Spataro A, Maron BJ. Prospective echocardiographic
screening for coronary artery anomalies in 1360 elite competitive athletes.
Am J Cardiol 1993; 72:978-979,

Schnirring L. Portable ‘echo’ devices offer PPE possibilities [6 refs].
Physician and Sportsmedicine 1916; 29:13~14,

Zeppilli P, dello RA, Santini C, Palmieri V, Natale L, Giordano A, Frustaci A,
In vivo detection of coronary artery anomalies in asymptomatic athletes by
echocardiographic screening. Chest 1998; 114:89-93,

Menke DM, Waller BF, Pless JE. Hypoplastic coronary arteries and high
takeoff position of the right coronary ostium. A fatal combination of
congenital coronary artery anomalies in an amateur athlete. Chest 1985;
88:299-301.

Taylor AJ, Rogan KM, Virmani R. Sudden cardiac death associated with
isolated congenital coronary artery anomalies. J Am Coll Cardiol 1920;
640-647.

Morentin B, Aguilera B, Garamendi PM, Suarez-Mier MP. Sudden
unexpected non-violent death between 1 and 19 years in north Spain. Arch
Dis Child 2000; 82:456-461.

Tofler GH, Mittleman MA, Muller JE. Physical activity and the triggering of
myocardial infarction: the case for regular exercise. Heart (British Cardiac
Society) 1996; 75:323-325.

Nilsson K, Lindquist O, Pahlson C. Association of Rickettsia helvetica
with chronic perimyocarditis in sudden cardiac death, Lancet 1999;
354:1169-1173.

Noakes TD. Tainted glory - doping and athletic performance. N Engl J Med
2004, 351:847-849,

McCaffrey FM, Braden DS, Strong WB. Sudden cardiac death in young
athletes. A review. Am J Dis Child 1991; 145:177-183.

Rozin L, Koehler SA, Shakir A, Ladham S, Wecht CH. Kawasaki disease:
a review of pathologic features of stage IV disease and two cases of
sudden death among asymptotic young adults. Am J Forensic Med Pathol
2003; 24:45-50,

Schienning JD, Frederiksen P, Kristensen IB, Schienning JD.
Arrhythmogenic right ventricular dysplasia as a cause of sudden death.
Am J Forens Med Pathol 2003; 18:345-~348,

Scoville SL, Gardner JW, Magill AJ, Potter RN, Kark JA. Nontraumatic
deaths during U.S. Armed Forces basic training, 1977-2001. Am J Prev
Med 2004, 26:205-212,

Tabib A, Loire R, Chalabreysse L, Meyronnet D, Miras A, Malicier D, et al.
Circumstances of death and gross and microscopic observations in a
series of 200 cases of sudden death associated with arrhythmogenic
right ventricular cardiomyopathy and/or dysplasia, Circulation 2003;
108:3000-3005,

Maron BJ, Gardin JM, Flack JM, Gidding SS, Kurosaki TT, Bild DE,
Prevalence of hypertrophic cardiomyopathy in a general population of
young adults: echocardiographic analysis of 4111 subjects in the CARDIA
study. Circulation 1995; 92:785-789,

Tabib A, Miras A, Taniere P, Loire R. Undetected cardiac lesions cause
unexpected sudden cardiac death during occasional sport activity. A report
of 80 cases. Eur Heart J 1920, 800-9083.

Nistri S, Thiene G, Basso C, Corrado D, Vitolo A, Maron BJ. Screening
for hypertrophic cardiomyopathy in a young male military population.

Am J Cardiol 2003; 91:1021-1023,

Bader RS, Goldberg L, Sahn DJ. Risk of sudden cardiac death in young
athletes: which screening strategies are appropriate? [Review] [68 refs].
Pediatr Clin North Am 2004; 51:1421-1441,

Tecce MA, Schalet BD, Roberts SA, Iskandrian AS, Mette SA, Segal BL.
Sudden cardiac death from coronary artery spasm in a healthy subject.
Cathet Cardiovasc Diagn 1994; 32:171-173.

Fuller CM, McNulty CM, Spring DA, Arger KM, Bruce SS, Chryssos BE,
et al. Prospective screening of 8,615 high school athletes for risk of
sudden cardiac death. [see comment]. Med Sci Sports Exerc 1997;
29:1181-1138.



16

71

72

73

74

76

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

European Journal of Cardiovascular Prevention and Rehabilitation 20086, Vol 18 No 00

Thakore S, Johnston M, Rogena E, Peng Z, Sadler D. Non-penetrating
chest blows and sudden death in the young (8 refs]. J Accident Emerg
Med 2000; 17:421-422,

Glover DW, Maron BJ. Profile of preparticipation cardiovascular
screening for high school athletes [see Comment]. JAMA 1998;
279:1817-1819,

Trusty JM, Beinborn DS, Jahangir A. Dysrhythmias and the athlete.
AACN Clin Issues 2004; 15:432-448,

Koester MC, Amundson CL. Preparticipation screening of high school
athletes: are recommendations enough? [18 refs]. Physician and
Sportsmedicine 2003; 31:36-38.

Warren SE, Boice B, Bloor C, Vieweg WVR, The athletic heart revisited.
Sudden death of a 28-year-old athlete. Western J Med 1979;
131:441-447

Pfister GC, Puffer JC, Maron BJ. Preparticipation cardiovascular screening
for US collegiate student-athletes [see Comment]. JAMA 2000;
283:1697-1599,

Wesslen L, Pahlson C, Lindquist O, Hjelm E, Ginarpe J, Larsson E, et al.
An increase in sudden unexpected cardiac deaths among young Swedish
orienteers during 1979-1992 [see Comment], Eur Heart J 19986;
17:902-910.

Smith J, Laskowski ER. The preparticipation physical examination:

Mayo Clinic experience with 2,789 examinations, Mayo Clin Proc 1998;
73:419-429,

Armsey TD, Hosey RG. Medical aspects of sports: epidemiology of injuries,
preparticipation physical examination, and drugs in sports. Clin Sports Med
2004; 23:255-279; vil.

Young MC, Fricker PA, Thomson NJ, Lee KA. Sudden death due to
ischaemic heart disease in young aboriginal sportsmen in the Northern
Territory, 1982-1996. Med J Australia 1999; 170:426-428.

Brukner P, White S, Shawdon A, Holzer K. Screening of athletes:
Australian experience [Review] [6 refs]. Clin J Sport Med 2004; 14;
169-177

Cantwell JD. Preparticipation physical evaluation: getting to the heart of the
matter. Med Sci Sports Exerc 1998; 30 (10 Suppl):S341-S344,

Maron BJ, Bodison SA, Wesley YE, Tucker E, Green KJ. Results of
screening a large group of intercollegiate competitive athletes for
cardiovascular disease., J Am Coll Cardiol 1987; 10:1214-1221,
Beckerman J, Wang P, Hlatky M. Cardiovascular screening of athletes.
Clin J Sport Med 2004; 14:127-133,

Drezner JA. Sudden cardiac death in young athletes: causes, athlete's
heart, and screening guidelines [33 refs]. Postgrad Med 1947;
108:37-44; 47-50.

Glorioso J Jr, Reeves M, Marfan syndrome: screening for sudden death
in athletes [Review] [36 refs], Curr Sports Med Rep 2002; 1:67-74,
Gomez JE, Lantry BR, Saathoff KN, Current use of adequate
preparticipation history forms for heart disease screening of high school
athletes. Arch Pediatr Adolesc Med 1999; 163:723-726.

Kurowski K, Chandran S, The preparticipation athletic evaluation

[see Comment]l. Am Family Physician 2000; 61:2683-2690;
2696-2698.

Lyznicki JM, Nielsen NH, Schneider JF. Cardiovascular screening of
student athletes [see Comment] [erratum appears in Am Family Physician
2001; 63:2332] [Review] [25 refs]. Am Family Physician 2000;
62:765-774.

Maron BJ, Thompson PD, Puffer JC, McGrew CA, Strong WB, Douglas
PS, et al. Cardiovascular preparticipation screening of competitive
athletes: addendum. An addendum to a statement for health professionals
from the Suddsn Death Committes (Council on Clinical Cardiology) and
the Congenital Cardiac Defects Committee (Council on Cardiovascutar
Disease in the Young), American Heart Association. Circufation 1998;
97:2294,

Metz! JD. Preparticipation examination of the adolescent athlete: part 2.
[Review] {16 refs]. Pediatr Rev 2000; 22:227-230,

O'Connor FG, Kugler JP, Oriscello RG. Sudden death in young athletes:
screening for the needle in a haystack [see Comment] [erratum appears in
Am Fam Physician 1999; 59:540] [Review] [31 refs]. Am Family Physician
1998; 57:2763-2770.

Soni NR, Deanfield JE. Assessment of cardiovascular fitness for
competitive sport in high risk groups [Review] [20 refsl. Arch Dis
Childhood 1997; 77:386-388.

Pelliccia A, Maron BJ. Preparticipation cardiovascular evaluation of the
competitive athlete: perspectives from the 30-year ltalian experience.

Am J Cardiol 1995; 75:827-829,

Oakley D. General cardiology: the athlete’s heart [Review] [20 refs].
Heart (British Cardiac Society) 2001; 86:722-726,

96  Hildick-Smith DJ, Shapiro LM. Echocardiographic differentiation of
pathological and physiological left ventricular hypertrophy. Heart 2001;
85:615-619.

97 Huston TP, Puffer JC, Rodney WM. The athletic heart syndrome. N Eng/
J Med 19865; 313:24-32.

98 Corrado D, Pelliccia A, Bjornstad HH, Thiene G. Cardiovascular pre-
participation screening of young competitive athletes for prevention of
sudden death: proposal for a common European protocol; reply. Eur Heart
J 2005; 26:1804-1805.

98 Maron BJ, Douglas PS, Graham TP, Nishimura RA, Thompson PD, Task
Force 1: preparticipation screening and diagnosis of cardiovascular
disease in athletes. / Am Coll Cardiol 2005; 45:1322-1326,

100  Maron BJ, Zipes DP. Introduction: eligibility recommendations for
competitive athletes with cardiovascular abnormalities-general
considerations, J Am Coll Cardiol 2005; 45:1318-1321,

101 Heidbuchel H, Hoogsteen J, Fagard R, Vanhees L, Ector H, Willems R,
Van LJ. High prevalence of right ventricular involvement in endurance
athletes with ventricular arrhythmias. Role of an electrophysiologic study
in risk stratification. Eur Heart J 2008; 24:1473-1480.

Appendix
Members of the IOC ad hoc working group on Sudden
Cardiac Death in Athletes:

Dr P. Schamasch, I0OC Medical and Scientific Director,
Lausanne, Switzerland

Dr. E.J. Meijboom, Professor of Congenital Cardiology,
CHUYV, Lausanne, Switzerland

K. Bille, Resident Pediatrics, Thesis on SCD in Athletes,
CHUYV, Lausanne, Switzerland

Dr J. Brenner, Professor of Pediatric Cardiology, Johns
Hopkins, Baltimore, USA

Dr D. Corrado, Director of Cardiology Laboratory, Padua,
Ttaly

Dr J. Dvorak, FIFA Chief Medical Officer, Zurich,
Switzerland

D. Figueiras, Department of Sports Sciences, Lausanne,
Switzerland

S. Greinig, IOC Manager of Medical Program, Lausanne,
Switzerland

Dr J. Hoogsteen, Head of 'Training Centre Sports
Cardiology, Veldhoven, the Netherlands

Dr L. Kappenberger, Professor of Cardiology, Head of
Department, Lausanne, Switzerland

Dr W. McKenna, Professor, Director of Heart Hospital,
London, UK

Dr EJ. Meijboom, Cardiologist, Thoraxcentre, Rotterdam,
the Netherlands



D. Oswald, Lawyer, Director of International Centre for
Sports Studies, Neuchatel, Switzerland

Dr L. Rivier, Toxicologist, Lausanne, Switzerland

Dr P. Sangenis, Cardiologist, IOC MC Director Institute
in Sports Medicine, Buenos Aires, Argentina

Sudden cardiac death in athletes Bille et al. 17
D. Sprumont, Lawyer, Director Institute of Health Law,
Neuchitel, Switzerland

Dr G. Theine, Professor of Pathology, Director Institute
of Pathological Anatomy, Padua, Italy

Dr M. Zorzoli, International Cycling Union Health
Manager, Aigle, Switzerland.



