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Le trail : un effort aerobie
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VO2 max : INNe VS aCquIS — mmmmo—

97.5 Oskar Svendsen Cycling
96.0 Espen Harald Bjerke XC Skiing
96.0 Bjern Deehlie XC Skiing
A B 93.0 Kurt Asle Arvesen Cycling
501 50+ 925 Greg LeMond Cycling
92.0 Kilian Jornet Running
= = 92.0 Matt Carpenter Running
g A0 g 407 920  Tore Ruud Hofstad XC Skiing
= £ 91.0 Gunde Svan XC Skiing
E E 91.0 Harri Kirvesniem XC Skiing
£ 30- £ 301 88.0 Miguel Indurain Cycling
& r=-0.724 & r=-0.813 88.0 Anders Aukland XC Skiing
p < 0.001 ° p < 0.001 ° 87.4 Marius Bakken Running
20 g : : ; 20 : ; ; : > ; 87.0 Jon Anders Gaustad XC Skiing
45 50 55 60 65 8 9 10 1 12 13 14
VO,max (ml/kg/min) vVO,max (km/h)

Sabater-Pastor F, Tomazin K, Millet GP, Verney J, Féasson L, Millet GY. VO2max and Velocity at VO2max Play a Role in Ultradistance
Trail-Running Performance. Int J Sports Physiol Perform. 2023 Feb 8;18(3):300-305. doi: 10.1123/ijspp.2022-0275. PMID: 36754060.
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/ Structural changes \ / Electrical changes \
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Sinus bradycardia
Sinus arrhythmia
First degree AV block
Voltage LVH, and RVH
Incomplete RBBB
TWIin V1-V4 in black

chletes /

3 / Peripheral changes \

N LVWT 10-25%
N LV and RV cavity 15%

Q-atrial dilatation /
/Functional changes\
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Functional changes

N diastolicfilling N skeletal muscle fibres
E’ >9 cm/s N capillary conductance
E/E’ <6 N oxidative capacity
$’ 59 N mitochondrial enzymes

\']\ Stroke volume / \’[‘ 0, Peak consumption /

Exercise and the heart: the good, the bad, and the ugly, Sanjay Sharma, Mergitanj LluisMont, European Heart Journal, Volume 36, Issue 23, 14 June 2015

Remodelage cardiaque : adaptation aux conditions de
OKIF NBSk @2t dzyS t2NER RS f QSE
Endurance : augmentation volumes

Force . augmentation taille parois

CENTRAL ILLUSTRATION Potential Influences on Exercise-Induced Cardiac Remodeling and the

Clinical Consequences
Young Endurance Athlete

Intense Endurance
‘Training

« Greater cardiac volumes

Inherited Influences

*» Sex
» Greater RV: LV volume o
ratios « Ethnicity
* Lower relative wall + Polygenic traits
thickness « Rare variants

« 2 Interstitial fibrosis

Later Life Clinical Outcomes
e

. ,
= Greater longevity Compa'at!ve POSEES Mo‘ﬁ‘ attr‘ial fibrillation
and flutter
" Less heart failure o2 Rlsk of ventrlnlar
arrhythnlas « Sinus node dysfunction
S NDA O commvens
« ? Clinical markers of
arrhythmia risk
+? Significance of increased
coronary calcification

La Gerche A, et al. J Am Coll Cardiol. 2022;80(14):1346-1362.
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A Signes de remodelage cardiaque chez 50% des athlétes
A Rare dilatation VG > 60 mm (15%)

A Augmentation modérée épaisseur myocarde

AupTs: RS 3ASYSUAIldzS of{w!! X0
AwSOSNARAOGES t fI o6lFA&aasS RS
A Pas de corrélation évidente remodelage/performance

&1 body size
50%

B Others
25%

B Age

4%

B Gender
14% 7%

W Type of sport

The Heart of Trained Athletes Cardiac Remodeling and the Risks of Sports, Including Sudden DeatiMaBamgndl AntonioPelliccia, Circulation. 2006;
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Dossard Coureur Cat. Club UTMEB Index

Jim WALMSLEY — 20-34M Hoka X Wahoo 934 7
Petter ENGDAHL = 20-34M Adidas TERREX 930 DNF
Thomas EVANS At 20-34M Adidas Terrex 916 DNF
Thibaut GARRIVIER i 20-34M HOKA 913

Mathieu BLANCHARD il 35-39M Salomon 912

Hannes NAMBERGER 20-34M Dynafit 911

30 Miguel HERAS - 45-49M SALOMON 906 DNF
12 Yangiao YUN - 35-39M 905
Daniel JONES <8 20-34M ASICS TRAIL TEAM 905

10

11
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Jiaju ZHAD - 20-34M HOKA 904 DNEF

87 E\ Anders KJAEREVIK iE 35-39M Salomon / Bergen Lepeklubb 898 D N F
14 @ Jean - Philippe TSCHUMI 40-44M Hoka 836 DNF
15 g Jose Angel FERNANDEZ JIMENEZ - 20-34M KAILAS GEAT TEAM 895 DNF
16 o) Pau CAPELL — 20-34M THE NORTH FACE 894 DNF
b 1l
17 @ lonel Cristian MANDLE " 35-39M 888 DNE
18 a Germain GRANGIER L 20-34M The North Face ges 5
19 @ Jonas RUSSI = 35-39M HOKA/JULBO/LEKI 884 DN F
-
22 . Ben DHIMAN = 20-34M Hoka 883 DNF
n .S .
21 3 Adrian MACDONALD e 35-33M On Trail 882
23 @ Ji DUD - 20-34M HOKA ge2
- .
27 ot Jeff MOGAVERD us 20-34M On Running 881 DN F
I . - N
24 [ David HEDGES us 20-34M Norda & Satisfy 880 DNF
25 oy Hugo DECK " 20-34M adidas TERREX 879 DNF
- A4
26 ‘ Zach MILLER = 35-39M The North Face 878 B



Conclusion (1)
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Cm afin
Balagne : un coureur de 35 ans décede suite a un malaise
sur un trail

Un homme cette nuit & I'hépital de Bastia suite & un grave ma
alors quil...

. France Bleu
Dréme : un coureur meurt d'un arrét cardiaque lors du trail du
Facteur a Hauterives

Un homme

Verdun. Un homme a fait un arrét cardiagque lors du Trail des
Tranchées

urs sont intervenus ce dimanche 26 mars s ai Ses pour venir
un hom i a fait un arrét cardiaque.

Foudroyé par un arrét cardiaque, un habitant de Duniéres
décéde sur un trail dans la Dréme

Un homme X ) s samedi, alors qu'il participait
au Trail du Fa

19 dé



km 40

Le trail : de multiples
stress pour lesysteme
cardiovasculaire. n o n
reproduitsen laboratoire




Les accidents cardiaques lies au sport :
guelgues chiffres
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A800-10Q0 morts subites non, traumatigues
tASSa £ tQF OUABAUS a Ll
cardiovasculaire)

A 1500 infarctus liés au sport/an (sur les 120
000 infarctus/an)

A«LI- N} R2ES R Sdimin@isrEd8 NDO A O
risque de mort subite a moyen et long terme

m al S au g m e ntati O n trans i:tOI re d u riSq u e Figure 1. La mort subite du jeune athléte de compétition (vert) ne conceme pas plus de 5 % du total des morts subites du sporti.
(surtout si effort brutal et inhabituel)
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Pour 45-54 ans, RR=0.033 (95% 0.015-0.075)
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Incidence of Sudden Cardiac Death
(per 100,000)

Incidence, par million
de participants sportifs
s
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Age de survenue (années)

Figure 2. Le risqué de mort subite en fonction de I'age et du sexe (rose, femme, bleu, homme). Le risque de la femme est jusqu'a 30 fois
Figure 1. Age-Dependent Changes in Incidence and Etiology of Sudden Cardiac Death Cardiac imaging and stress testing asymptomatic athletes to identify inférieur a celui de I'homme.

This figure represents an interpretation of the combined experience from studies that have assessed the causes of sudden cardiac death in | thoSe at risk of sudden cardiac death.

athietes (3,589,11-13). While the majority of deaths may be atirbuted to inherited cardiomyapathles and channeloathes In those younger | A | aGerche JACC 2013
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Blood cardiac biomarkers responses are associated with 24 h ultramarathon perfornktoide,
et Al.,Heliyon 2019
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72-h Kineticsof HighSensitiveTroponinT andinflammatory Markersafter Marathon, Scherret Al.
,Medicine& Science in Sports Bxercisel3(10):p 18191827,0October2011.

Pre-Marathon cTnT Values
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Box plots demonstrating high-sensitivity cTnT values pre-marathan for CON and HD runners (top) and post-

marathon cTnT values for CON, HD and COL runners (bottom)

Highsensitivity troponin T in marathon runners, marathon runners with
heart disease and collapsed marathon runners
ToddLeckieet Al., Wiley 2019


https://journals.lww.com/acsm-msse/toc/2011/10000

TABLE 2 | Blood biomarker concentrations (mean £ SD) at different time points and the p-value in the Tors de Geants (TDG) runners.

References

values
Variable (units)

Time points P-values
Pre- Mid- Post- Recov-  P-value P-value P-value P-value
Mean £ SD Mean+SD Mean+SD Mean +SD Overall TPre-TMid TMid-Tpost TPost-Trecov

Remodelling-fibrosis

ST2 (ng/mi) =35
Galectine-3 (ng/mil) =17.9
Ischemia-necrosis

Creatine kinase (UI/L) 30175
Creatine kinase MB (pag/L) 0-6
CKMB/CK (jng/100UI) 0-5
Heart fatty acid binding protein (ng/ml) =3.55
Myoglobin (pg/L) 28-72
hsTnT (ng/L) =14
Copeptine (pmol/L) =12
Inflammation

White blood cell (103 /mm?) 3.6-15
Total protein (g/L) 62-78
CRP {(mg/L) 0-8
Oxidative stress

Oxidized glutathion (pmol/L) =10
Reduced glutathion {pmol/L) 717-1110
Ratio total glutathion/oxidized glutathion  111-747
Myeloperoxdase (ng/mi) =55
Lipid peroxides (wmal/L) <432
Renal function

Creatinine (mg/dl) 0.72-1.18
Urinary creatinine (g/L) 0.24-2.55
Uric acid {(mg/L) =70
Urea (g/L) 16-48
Myocyte-stress biomarkers

NT-proeBMNP (ng/L) =103
lnns

28+ 154 780+407 61+325 289+11.4 <0.0001
941.8 11+23 101 +£ 2.1 91415 <=0.0001
135 + 72.1 3,276 + 3,353 675 + 530_]-0.0001
31+£22 B47+636 4564338 13.1+72 <0.0001
23+08 1.2+06 2415 24+£13 <0.0001
6852 7624757 3290+243 8643 <0.0001
28+ 8.6 1,207+1287 441+384 80.1+43.3 <0.0001
5.5+ 1.1 9.7 +43 69+2  <0.0001
50+29 207+122 137+86 7.9+38 =0.0001
7+18 105+22 8142 64+14 <0.0001
727+36 68.1+4 65.7 +4.7 662+4.0 =0.0001
12419 1374129 57+43 <0.0001
16+12 62+84 32+8 66+141 0016
811+105 742+80.8 745+89.3 746+106 0.0025
628 + 221 443+204 547 +231 446+286 0.0077
348+168 355+17.1 309+152 31.3+138 0.0005
273+155 311+175 528+ 217 638+ 184 <0.0001
1+01 1.1 +£041 1+0.1 09+01 =0.0001
13+08 10+08 17+07 1+05  <0.0001
52+09 58+13 54+15  43+08 <0.0001
34+79 B68+191 495+133 351+7.4 <0.0001
503+ 1.4 306+ 374 855+504 <0.0001

Kinetics of Cardiac Remodeling and Fibrosis Biomarkers During an Extreme Mountain Ultramarathon, Le Goff et Al., F2@ntiers 20

=0.0001"
=0.0001*

<0.0001*
<0.0001*
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=0.0001*
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0.064
0.015™
0.028™

0.96
0.79
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0.015"

0.014*
=0.0001"

=0.0001"

0.047*
0.012*

<0.0001**
<0.0001**
=0.0001*
0.0057
<0.0001**
0.069
0.0029™

<=0.0001**
0.019
0.082

0.22
0.99
0.39
0.007*
<0.0001*

0.0055™
0.72
0.1

=0.0001™*

0.41

=0.0001*
0.0015™

=0.0001*
=0.0001*

0.018°

=0.0001*

=0.0001*
0.0032*
0.0004™
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ENDURANCE TRAIL

Cinétiquebiphasiquedes
marqueurs de fibrose et de
souffrance cardiagque

Valeurs extrémes : 34874 Ul/lI CPI
NT pro BNP 2202y/1 !
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ventricules
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Fig. 1 Within subject variation of left ventricular ejection fraction (%), left ventricular end-diastolic volume (mL), and cardiac output (L min~")

with age as explanatory variable, using the baseline values as the references was done by repeated measurements (mean (95% ClI)) at time points

30 rnin, 6 h, and 24 h after running 63 km. *Denates p < 0.01; **Denotes p < 0.05

LV global longitudinal strain (%)
8
L

% variation de lafraction d'éjection

T T T Groupes
3-10h >10h Tous

{

<3h

Entrainés
Mon entrainés

Figure 1 - Variation de la FEVG en fonction de la durée

d‘exercice. Modifié d'aprés Middleton (15).

OxboroughD, ShaveR,WarburtonD et al. Dilatation and
dysfunctionof the rightventricleimmediatelyafter
ultraenduranceexercise exploratoryinsightsfrom conventional
two-dimensionaland speckletrackingechocardiographyCirc
Cardiovas¢maging 2012 ; 4 : 2583.

RV 5train
10 _
] — P
fprpscococy : fpcccscoy ~—-= Post
: Systole : : Diastole |
0 - T T 1
-~ 10 50 4 100
3 o R
g R _-+/ Duration (%)
£.10 . p
A % 4
.. v
/i
-20 {
< .
a0 _| 106 % systole i PVL = fermeture de ia valve

PVC pulmonaire. 0'aprés (2).

Figure 4 - Strain global ventriculaire droit avant (trait plein)

Middleton N,ShaveR, George K et dleftventricularfunctionimmediately
following prolongedexercise Ameta-analysis Med SciSportsExerc2006 ; 38 : 681
7

15
L

RV global longitudinal strain (%)

——4

Pre-race -
=30 min -

6 h

24 h+

Fig. 2 Within subject variation of left ventricular global longitudinal strain (%), and right ventricular global longitudinal strain (%) with age as
explanatory variable, using the baseline values as the references was done by repeated measurements (mean (95% Cl)) at time peints 30 min, & h,

and 24 h after running 63 km

Transientcardiacdysfunction but elevatedcardiacand kidneybiomarkers24 hfollowing an ultrardistance runningventin MexicanTarahumaraDirk L. Christensen et AExtremePhysiologyand Medecing 2017

et aprés un ultra-marathon (pointillés). D'aprés la référence 2.




Conclusion (2)

Almportante sollicitation cardiovasculaire : effort
sportif en lutméme et facteurs exterieurs

AAugmentation transitoire, modérée, des marqueurs
de souffrance cardiaque et de fibrose + discrete

- fOSNY GA2Y NBTf I EI GapideyienO 2
reverS|bIes
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Atrial Fibrillation

Ventricular

Sinus Node disease arrhythmias

AV block

Atrial Stretch
N Vagaltone

? Fibrosis

—+ Troponin Lwa OF NRAI|j dz8 OKST I
endurance de longue date.

t Exercisenducedright ventriculardysfunctionand structuralremodellingin enduranceathletes André Laerche EHJ 201
Adverse cardiac o v o ‘

remodelling

P Oxidative stress
Shear forces

Intense
Exercise

Key Question
Does lifelong exercise result in less and/or a more favourable plaque composition (i.e. a lower prevalence of non-calcified and mixed
plaques) to explain the presumably lower risk of cardiovascular events in individuals with high cardiorespiratory fitness?

R e Snm s e e s e

Lifelong athletes had more coronary plaques, including more risk-prone non-calcified plaques in proximal segments, than fit and healthy
individuals with a similarly low cardiovascular risk profile.

Take Home Message

Lifelong endurance sport participation is not associated with a more favourable coronary plaque composition compared to a healthy

? Exercise

induced
) ; Late-onset N\ Lifelong
[ & 176  Controls - @ endurance > @ endurance
ARVC ; T \
Absence of cardiovascular disease and of established risk factors for coronary artery disease

Exercise and the heart: the good, the bad, and the ugly, Sanjay Sharma, Mergthnj LluisMont, European Heart Journal, Volume 36, Issue 23, 14 June 2015 Lo ok or pest hetory of smoling no boy s e 2272 kg

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

? Dilated
cardiomyopathy

Healthy athletes heart
Balanced hypertrophy
Little or no fibrosis

Primay endpoint

Prevalence of any coronary plaques (cakified,
mixed, non-calcified) by computed tomography

Ideal training stimulus and recovery
Physiological adaptation

Odds of having coronary plaque in Hfelong
Plaque burden wid plaque composition by endurince exercise group bl Gt il

- - 2;6 P‘:'l“-;: . Percentage Plaue type 21 mixed plaque [ 178
1 z

Exercise-induced ARVC SORIBIITII. [ 193] 21 coronary plaque

RV structural & functional remodellin L
9

Interstitial fibrosis 21 non-calified plaque [ 195 ]
Arrhythmogenicity 40

s 2 21 proximal plaque [ 196 ]
20

21 proximal non-calcified plaque
Control Late-onset  Lifelong
Excessive training stimulus with
insufficient recovery
Cumulative microscoplic injury

Control  Late-onset ~Lifelong

@ Calcfied @ Non-calcified @ Mixed

Odds ratios were adjusted for other risk factors

Lifelong endurance exercise and its relation with coronary atherosclerosis, RuligwsBeheet Al., EHJ, 2023
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5-year age class

Standardized mortality ratio by 5-year-age class. Standardized mortality ratios were consistent across age, except for ages <30 years among whom

only nine cyclists died. For this latter, an excess of mortality was suggested although the standardized mortality ratic was not statistically
significant.

Mortality of French participants in the Tour de France (X@012), EloMarijon et Al., EHJ 2013
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Conclusion (3)

A 2aarofSa LI UK2f23ASa )\y|
0 SNXYSX LINE O -deeidn®ey 0 R2 &
Ay yv2dzdSI dz OKI YLI RQSELIX zr

AA mettre en regard avec les nombreux bénéfices de la
pratigue sportive

ALYLRZ2NIF YOS RQdzy NB3II NR S|
accompagnement dans notre pratique






gles d’ or (CCS)

AJe signale & mon médecin :
A Toute douleur & la poitrine
A Tout essoufflement anormal
A Toute palpitation
A Tout malaise X
A{ dzZNBSY I yi LISYRFYyd 2dz LINBa f QSTT2 NI

A Echauffement et récupération de 10 min
A.2ANB o t n 3FJ2NHSSa 02dziSa tSa on YAY

AEvllltetr activités intenses en cas de températur®°C, > 3€c ou en cas de pic de
pollution

At a RS Gl olFO k &adzNIiz2dzi LI & RIya fSa H
APas de substance dopante, éviter automédication
APas de sport intense si fievre/dans les 8 j suivant un épisode grippal

A.)\th YSRAOIE FT@OFyid £ NBLINRA&S RQdzyS
homme, 45 ans chezfemme)



En cas de mal adi e ¢ al

ADépend de la cardiopathie

At NEBYRNBE Sy O2YLIS f gHmEwedsSa OS & L
discipline

Alsolement

AEloignement géographique/temporel des centres compétents

AAnticoagulants

AEt autres traitements

A Au cas par cas.



Al or s ... mo-hfaitpaaula traie?s t

Al LJOAGOdzRSAa AyySSaX YlFIAa G2dzi asS GNI gl AfttS H
A. Sl dzO2dz2ld RS FI OGSdzNE RIya €£QSldd drzy Y £8 Oc
A Etre progressif et «aisonnable» dans sa pratique

A. SIdzO2dzLd RS ljdzSaidAz2ya adzNJ £ S t£2y3 GSNIN¥SX N2
pratique sportive

A{ QSO2dz0SNJ SG O2yadzZ GSNJ LJ2dzNJ (12dzi aeYLINistYS |y



