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PLAN

Risque de la compétition ?

Etiologie des morts subites chez I'athlete ?
Remodelage du cceur d’athléte ?

Remodelage délétére en cas de cardiopathie ?

Intérét du DSA ?
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Risques /Benéfices événements sportifs de masse

Etude Néerlandaise - événements sportifs de masse
Participants : 546 876, age médian 41 ans, [ 56 % e
Non-participants : 211 592, 4ge médian 41 ans, LI 67% 905
Déces enregistrés : 4625.

HRpa,‘,o.pam =0.70 (95% CI1 0.68; 0.74)
== Participant
= Nonparticipant

99.0

98.5

Survival probability (%)

\\.

Risque de mortalité a court terme (0-7 jours) :

T NS risque associé a I'exercice aigu (OR 1,92).

98.0 99.985

Survival probability (%)

99.980
0 5 10 15 20 25 30

Taux absolu : 4,2 pour 100 000 participants -
Risque de mortalité a long terme (suivi: 3,3 ans) :
Participants risque 30 % plus faible que les non-participants (HR ‘ e o s e
0,70) (ajUSté Sur ége et sexe)' Follow-up in years

Meilleurs taux de survie : Coureurs (HR 0,65), Cyclistes (HR 0,70),
Marcheurs (HR 0,88).

Bakker E, et al. All-cause mortality risks among participants in mass-participation sporting events. Br J Sports Med 2024
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Etiologies des morts subites chez les jeunes athletes

Cardiac

MS d’origine cardiaque = 1lere cause médicale de déces 14303.0%

Mort subite avec autopsie-négative = 1ere cause de déces CV

Suicide
128 (11.6%)

Nécessité de tests génétiques post-mortem ?
ECG aurait pu étre anormal ?

Homicide
98 (8.9%)

e
oronary Artery
HCM Abnormality 7616.9%)
- D™ < s
Coronary Artery Medical
Anomaly ﬁ Unknown SCT 60 (5.4%)
Arthythmogenic CM E 5) 16 (1.5%) 12 (1.1%)
8 (68%) Coronary Artery Disease n=7
Idiopathic i
" Exertional
LVH/Possible CM i =15 g
20 (16.9%) Hypertrophic CM [ Non-Exertional
ANSUD [ Unknown
Idiopathic LVH/ | [n=20
Possible CM |
CM NOS
AN-SUD Myocarditis
Lo | .
0 10 20 30 40 50 60 70 80 <90 100
Hypokalemia || Commotio DCM WPW
2(1.7%) 2(1.7%) 2(1.7%) 3(2.5%) Percentage of Cases

Petek B, et al. Sudden cardiac death in national collegiate athletic association athletes: a 20-year study. Circ. 2023.
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Intérét de 'autopsie moléculaire chez I’athlete

Roéle diagnostique du test génétique post-mortem; n=42 (6%)

Variants pathogénes, probablement pathogénes ou variant de signification inconnue (VSI)
- Coeur structurellement normal (SADS): n=33 (78 %)

- Cardiomyopathie arythmogéne (CMA) : n=8 (19 %)

- fibrose VG : n=1 (2 %).

| 6860 sudden death victims |

Variants jugés cliniquement actionnables : n=7 (17 %) | mg,njam,etes |
- CMA: n=2 (FLNC et TMEM43) | 1 |
Y e < . . 42 athletes with MA
- SADS: n=5, génes associés a la cardiomyopathie | I |
(et non de canalopathies) 9 (219%) atetes 25 (60%) atnietes
with P/LP with VUS
I
, | |
Rendement de I'AM =17 %. 7 (17%) actionable 2 (5%) non-
variants actionable variants
|
[TMEM43 | Fune | [comz|[coHz || TN | cryaB | sosi |

Finocchiaro G, et al. Yield of molecular autopsy in
sudden cardiac death in athletes: data from a large
registry in the UK. Europace 2024 ACM (n=8) SADS (n=39)
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Recherche des toxiques en cas de mort subite chez I'athlete

Toxicology Screening in SrSCD Age 12- 49 ans + autopsie
Dépistage de toxique + = détection dans le sang de toute drogue
« Positive toxicols ings have b iated 14 YR T
ith SCD and trexplained doath o secaedjllégale ou non (médicaments)
« Toxicology screenings have not previously been LeS dOSGS |éta|eS Ont été eXCIUeS

assessed among SrSCD

/ ,'/ Key question

Could positive toxicology be an important trigger af 7 2 <
. cardiac arrythmias in SrSCD? Results of Toxicology Screenings in 183 SrSCD

Negative 161

Positive Toxicology Rates in SrSCD and Non-SrSCD Analgesics

Cannabinoids

Non-SrSCD Opioids
TABLE 2 Characteristics of All Sports-Related Sudden Cardiac Death Cases With SCD-Associated Drugs Detected at Post Mortem
Antiepileptics
# Sex Age ‘Country Activity Cause of Death Drug 1 Drug 2 Drug 3 Drug 4
SrSCD Caffeine 1 Male 36  Denmark Cycling CAD (acute) Ephedrine - - -
4 ; 2 Male 36 Spain Swimming CAD (chronic) Clozapine Risperidone - -
Antipsychotics
. . 3 Male 43 Spain Racket sports CAD (acute) Ethanol = = =
i Positive M Negative Antidepressants 4 Male 44  Denmark Fitness CAD (chronic) Mianserin - - -
5 Male 46 Denmark Racket sports HCM Lamotrigine - - =
Ethanol 6 Male 18 Australia  Football/rugby suD Cannabinoids - - -
D lami 7 Male 21 Spain Cycling SuD Cannabinoids - - -
Oxylamine 8  Male 28  Australia Running suD Pseudoephedrine - - -
Pseudoephedrine 9 Male 29 Australia Swimming SuD Cannabinoids - - -
10 Male 32 Australia Fitness SuD Quetiapine Venlafaxine Lamotrigine Olanzapine
Anabolic Steroids n Male 44 Denmark Cycling SUD Terbutaline - - -
Ephedrine Concentrations are marked as follows:
- CAD = coronary artery disease; HCM = hy ic cardi SUD = sudden ined death.
Terbutalin

Hansen. CJ, et al. Toxicology Screening in Sports-Related Sudden Cardiac Death A Multinational Observational

U @  Study. JACC 2023 ~ ; )
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Dépistage CV répété chez le jeune athlete

Cardiovascular preparticipation screening in young athletes

22,324 consecutive young athletes Preparticipation screening
(62% males, median age 12 [IQR 10-14]) repeated every year (on average 2.9 times/young athlete)
o O &G .4'& E
‘PWVY >
History Ph exam Stress test

age range: 7-18 years

Congenital HD = 17

Diagnostic yield of each screening session
lon channel dis = 14

Cardiomyopathies = 15 015% 015%
’ 0.10% 0.10%
%— -~ 0,00% -

0,00% , :
69 (03%) First eval. Repeat eval. 7-11yo0 12-18y.0

Diseases at risk of sudden death

l Follow-up (7.5 * 3.7 years)

ﬁ 1 case of resuscitated cardiac arrest (0.6/100.000/year)

Sarto P, et al. Value of screening for the risk of sudden cardiac death in young competitive athletes. EHJ 2023
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Remodelage ECG: QRS fragmentés en V1?

i ) :.. | e :
Vi U ' vi J i N
PPS on 684 young athletes it appears to be a training-related ECG pattern

9 receiving medical

c) :
‘ i "f\ﬁ evaluation, maximal EST @ fQRSV, V Resting heart rate
A ‘Vl % and echocardiography @ A A % A < capacity

fQRSV, is more common in men than women and

Exercise tolerance
Women _Men

i g
(\dh L@:] fQRSV, is associated with training-induced ventricular remodeling
© [ Cr— & iV M

684 athletes 111 highly trained athletes
Whole sample > 8 h/week

o /s fi
Ao o &4
t } Only 1101 Ventricle

Vecchiato M! etal. The fragmented QRS complex in [ y fQRSV‘ Athletes with fQRSV, do not present higher onset of arrhythmias
lead V1: time for an update of the athlete’s ECG?
Journal of Cardiovascular Translational Research. ) ; WECRY B

PSBs \ _ PVBs { VA
2024 @ A A |

"\ < 17¢ i .
\% ’ © FoRUM EUROPEEN CCEUR, EXERCICE & PREVENTION




Microvoltage ECG

B 00 {69s] {07100

H : -~ | =amplitude des QRS < 0.5 mV dans les dérivations
. périphériques.

o ] B e A
I I
I

Rare: 2.2 — 4% des ECG d’athlétes élite; 0.5% des tahlétes
loisirs; 0.3% des sujets sédentaires sains

En cas d’antécédent familial de cardiomyopathie — si
arythmies ventriculaires non communes sur le tets d’effort
ou le Holter ECG alors il faut compléter par une IRM
myocardique

Pelliccia A, et al. Prevalence and clinical significance of low QRS voltages in healthy individuals, athletes, and patients with
cardiomyopathy: implications for sports pre-participation cardiovascular screening. Eur J Prevent Cardiol. 2024
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Arythmies du VG et ECG de repos

Athlétes avec arythmie ventriculaires
BBD (ESV > 500/24h ou doublets ou TVNS)

Sixty-four athletes (50 males (79.4%); median age 39
years (24.5-53 years) with non-sustained VAs and at
least one RBBB morphology

No evidence of SHD at routine diagnostic work-up
including echocardiography

J

All underwent CMR with LGE

N

36 athletes (56%) showed NLVS at CMR 28 athletes (44%) without NLVS at CMR

~..

7 ECG variables proved to be statistically associated
with NLVS

12-lead resting ECG parameters associated with the presence of
LV scar at CMR

1. Low QRS voltages in limb leads ‘

| 2. Negative T-waves in inferior limb leads | . _ﬂﬁ:ﬁv_‘
i | 3. Negative T-waves in limb leads I-aVL ‘ —
TiE=EEE | 4, Negative T waves in precordial leads V4-V6 | ~ ;ﬂ:i
™ | 5. Presence of left posterior fascicular block ‘
VL S | 6. Presence of pathologic Q waves | ~
| 7. Poor R-wave progression in right precordial leads ‘ ¥
v v i B

Sciarra L, et al. Electrocardiographic predictors of left ventricular scar in athletes with right bundle branch block premature ventricular

beats. Eur J Prevent Cardiol. 2024
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FE réduite chez les athletes d'endurance — substrat genétique ?

A

B3 Preserved EF (n=237)
3 Reduced LVEF (n=12)
3 Reduced LVEF & RVEF (n=18)
B3 Reduced RVEF (n=14)

70 i
{ s © Reduced EF
i 0%,2 8° o
60 HE) ° ° © Preserved EF
g .. 2o g8 .'.‘. :
o
i 50 . og °
> 0.0, 88
g, |0 ol
40 5087 o
R

T T T T
40 50 60 70
LVEF (%)

Figure 1. Population distribution on the basis of ejection
fraction and the relationship between LVEF and RVEF.

FEVG <50 % et/ou FEVD <45 %

Score de risque polygénique validé pour le Vol. TSVGi- associé
aux CMD (LVESVi-PRS)

FE réduite associée a :

- +ESV

- LVESVI-PRS moyen plus élevé

Décile sup de LVESVIi-PRS / décile inf = risque x11 de FE
réduite

- Suivi: IC symptomatique ou d'arythmies = 0

[ p=4.9x10°

=4
o

LVESVi-PRS Score

- MAIS 2 athletes sont décédeés:
- trauma
- MS cardiaque (FEVD réduite et LVESVi-PRS >95 %).

Claessen G, et al. Reduced ejection fraction in elite endurance athletes:
clinical and genetic overlap with dilated cardiomyopathy. Circ 2023

n=12,815 n=228 n=43

Control subjects Athlete: normal EF Athlete: reduced EF DCM Patients

:Lgrur: 2. Polygenic risk score for LVESVi: violin plots showing the distribution of LVESVi-PRS in alhlal::::ilharsdul:nd or QUM EU ROPEEN CGUR, EXERClCE & PREVENTION . l

n with a healthy elderly population from the ASPREE study® and patients with established DCM.



Athletes vétérans: plus de plagues coronaires

4 J

f:’ endurance
f '\ athletes

athletes

) N PN Late-onset N\ Lifelong
if [\J (17; Controls - @ endurance N,

|

b
G/ 0) >/

Absence of cardiovascular disease and of established risk factors for coronary artery disease
No current or past history of smoking, no body mass index >27.2 kg/m?

Sampled at random for inclusion to minimize the risk of selection bias

Primay endpoint
S

— Prevalence of any coronary plaques (calcified,
] (A5 | mixed, non-calcified) by computed tomography

= | e
Plaque burden and plaque composition by endurance exercise group ?nd:;r::r:v;:ﬁ;z:::n);;’a:g(ljji:cgle:xf

s ™ R 21 e placue
2 it 193 228 259
21 coronary plaque 1.86
13.7 103 -

- =1 non-calcified plaque
67.0 21 proximal plaque 1.96
21 proximal non-calcified plaque 2.80
Control Late-onset Lifelong ° Control Late-onset Lifelong

Odds ratios were adjusted for other risk factors
@ Calcified @ Non-calcified @ Mixed

De Bosscher R, et al. Lifelong endurance exercise and its relation with coronary atherosclerosis. EHJ 2023
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Troponine post test d’effort

Score Calcique 0 (n=20)
Score calcique élevé: = 300 UA ou =75¢ MESA percentile (n=20)
Sténose significative 2 50% (n=19) mais sans ischémie a I'effort

, y . .
A . s Durée deffort: 76 £ 14 min
-=-- High CACS
-+-- Significant stenosis
200 Porwe™ 997
Paroup = 43 Pu .001
250 py, < 001 Prouptime < 001
Pgroup*time = 48 il
= 200- 150 k ’
; { ‘ i~ ﬁ :
- ] 1 3 P
| 150+ 1]“'-""11’ ‘ Bl E/ N
x et ['4 3
5 100- If [ T f = ? -------------- I’;ﬂ
H Pl &
50-
50 <+
0 T T T T 04—T—TT T T T T
£ R R AR R e oSS 2 9 =) =3
® %8 % 8 8 B8 £58§888 ¢ @ 3 z
2 =
% of exercise test duration @

Janssen S, et ak. Exercise-induced cardiac troponin release in
athletes with versus without coronary atherosclerosis. Am J Physiol

Timepoint

Heart Circ Physiol. 2024
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hs-cTnl concentration (ng/L)

30

N
o

-
[=]
1

Pgroup = -
Ptime < -0

pgroup"tim

88
01
.= .98

Elévation tropo. post effort:
pas de différence

PO P30 P60
Timepoint

P120 P180

—



Bicuspidie aortique et sport

Patients avec valve aortique bicuspide (n=407) - suivi: 30 £17 ans

Pas d’association entre : exposition tout au long de la vie a une activité sportive et dysfonction
valvulaire ou dilatation de I'aorte.

A Sinuses of Valsalva Cc Ascending aorta

A Aortic stenosis c Aortic regurgitation
p=.19 p=.23 p=.36 p=.82
!
’ 60
80 _ 6o o _ <500  MET-min/wk
) Esw £ £ == 500-1000 MET-miniwk
= = @ 8 40 = >1000 MET-minwk
2 40 240 240 <
£ £ 2 =
8 30 & 30 s 2 20
o =] 22 a
20 20
<500 500-1000 >1000 <500 500-1000 >1000 [ 0

MET-min/wk MET-miniwk 500 MET-minwk No  Mild Moderate Severe No  Mid Modersis Severs

4 500-1000 MET-min/wk
L] >1000 MET-min/wk
B p=.16 b p=.73 kL

Z-score
ascending aorta 2 2

Z-score
sinuses of Valsalva 2 2

8
6
o4 e
H g -
g2 T
N g R OUORRY... OO
2 ;
4

T T T
<500 500-1000 >1000 05 1 2 4
Adjusted odds Ratio (95% CI)

T T T
<500 500-1000 >1000
MET-miniwk MET-min/wk

[ - @

Peak aortic velocity (m/s) m

o

Peak aortic velocity
p=.50

T T T
<500 500-1000  >1000

MET-miniwk

D

<500 MET-min/wk
Moderate-to-severe

te h i 4 500-1000 MET-min/wk
aortic stenosis e = >1000 MET-minwk
Moderate-to-severe ‘
aortic regurgitation :
Peak aortic H
velocity (2 3 mis) :
g T T 1
05 1 2 4

Adjusted odds ratio (95% CI)

Schreurs B, et al. Associations of lifelong exercise characteristics with valvular function and aortic diameters in patients with a bicuspid aortic

valve. J Am Heart Assoc. 2024.
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Sport en compeétition malgré une pathologie (CMH — SQTL)

Modes of Detection of Underlying CVD in Competitive Athletes I Mean age at RTP, y 19.9 + 5|
Female 21 (28)
Participation Screening Pr%sve;ltatlon with
ymptoms .
N=76 A or | symptomatic before diagnosis 28 (37) I
w Syncope 1071
L.Sardiac arrest 6 (8) |
. Palpitations/irregular heart rate 4 (5)
Sustained VT 2(3)
Definitive Diagnosis Other 6 (8)
c::'r%‘i’:rrnt;ggmy Long %{;g;irome Other TABLE 2 Evaluation of RTP
HCM
( ) Evaluation of RTP
53% 23% 24%
Highest level of play
Division | 50 (66)
\g Oﬁ Professional 26 (34)
Reason for diagnosis
’ ] Abnormal cardiac evaluation 40 (53
Syncope 9 (12)
- ) ) : Family history 7(9)
Initial Sport Disqualification (55/76, 72%) Unrelated event 405
e Nonsustamed V1 ExCs)
Martinez K, et al. Return-to-Play for Elite Athletes With Genetic Heart Diseases Cardiac arrest 6 @)
—Dther symptoms 70

Predisposing to Sudden Cardiac Death. JACC 2023.
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A ’ @ FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION




Sport en compeétition malgré une pathologie (CMH — SQTL)

Sports Cardiology Expertise Center LU RS L dshoe T
Patient 1 Patient 2 Patient 3
e T and | ComeRve e B e Sex Male Male Male
Diagnosis HCM LQTS HCM
X Reason for diagnosis Cardiac arrest Syncope Syncope
Sport and level Basketball Hockey Hockey
Age at diagnosis 20 21 22
Age at RTP 21 21 23
Symptoms before diagnosis Yes Yes Yes
Cardiac arrest Syncope Syncope
Initially disqualified Yes No Yes
lieatment ICD _beta Blackor Betahlocker Reta hlocker
BCE ICD shock Syncope Syncope
“Rge at BLL, ¥ 22 i pL
Circumstances of BCE While moving While coming off the While working
furniture bench and making out
mac and cheese
BCE = breakthrough cardiac event; HCM = hypertrophic cardiomyopathy; ICD = implantable cardioverter-
defibrillator; LQTS = long QT syndrome; RTP = return to play.

DK, et al. Return-to-Play for Elite Athletes With Genetic Heart
Diseases Predisposing to Sudden Cardiac Death. JACC 2023.

- ‘_‘?’4 17¢ . .
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Décision meédicale partagée

FIGURE 1 Model for Shared Decision Making for Athletes With Cardiovascular Disease DMP = médeC|ns + pat'ents CO"aborent pour
prendre des décisions de santé ensemble.

1 de“nes I Societal Stat

[l ; €me,
oCA Risk ASSegSment Nt

Décision conjointe basée sur meilleures
preuves disponibles + préférences du

Disease- .
Specific Athletic

Trainers

Consultant .
"’r':eatmg Institutional patient.
ysician Stake
Q’pN\ PHYS/ Y Holders . . .
A v S Patient = partenaire actif
Athlete" po
Famllys Cardiologist
Concept fondamental de I'éthique meédicale

Shared Decision-Making Conse ntement
Develop Return to Play/Return to Exercise Plan

. y A <
Aucune raison de ne pas l'appliquer a la
In the team-physician-led decision-making process, physicians incorporate shared decision making, guided by respect for patients' goals/

preferences, while integrating collaborative discussion among the athlete, family, treating physician, team physician, additional expert opin- p ratl q u e S p O rt I Ve .
ions, and other institutional stakeholders (athletic departments and athletic trainers) in balancing risk-tolerances. SCA = sudden cardiac arrest.

Martinez WM, et al. Sports participation by athletes with
cardiovascular disease. JACC 2024
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Italie: DSA obligatoire et impact sur la survie.

La loi « Balduzzi »(application 2015)
= DSA obligatoire dans les salles de sport
+ personne formées lors des compétitions

Gianni A, et al. The impact of the Italian law mandating an automatic
external defibrillator in all sports venues on sudden cardiac arrest
resuscitation rates. Eur J Prevent Cardiol. 2024

Bystander resuscitation manouvers: before and after Balduzzi Law

p=0.74

Bystander witnessed
W 2011-2014 m2015-2019

Bystander CPR

p=0.26

p<0.001

Bystander defibrillation

Successful resuscitation/total number of events: before and after Balduzzi Law

Ageclasses | 50 | 3539 | 4049 | 5050 | 60-69 >70 Total
(years)
Before
compulsory | 9/13 8/12 | 14/22 | 15/20 | 24/32 | /14 | 76/113
AEDlaw | (69%) | (67%) | (64%) | (75%) | (75%) | (43%) | (67%)
(2011-2014)
After
compulsory | 19/20 | 5/6 10/12 | 21/27 | 8/10 | 13/20 | 76/95
AEDlaw | (95%) | (83%) | (83%) | (78%) | (80%) | (65%) | (80%)
(2015-2019)
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