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Rychlost, frekvence a vzdalenost
behu a mortalita
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Non- Quintiles of running characteristics
runners
Time (min/wk) 0 <51 51-80 81-119 120-175 =176
el Distance (miles/wk) 0 <6 6-8 9-12 13-19 >20
Frequency (times/wk) 0 1-2 3 4 5 26
Total amount (MET-min/wk) O <506 506-812 813-1199 1200-1839 =1840
Speed (mph) 0 <6.0 6.0-6.6 6.7-71.0 71-75 276

Lee D et al. J Am Coll Cardiol. 2014 Aug 5;64(5):472



Intenzita fyzické aktivity a morbidita u zen

National Health Service (NHS) breast cancer screening

Intenzivni aktivita Jakakoli aktivita

A. Coronary Heart disease
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ATLETICKE SRDCE?



Ocekavané zmeny levé komory

Athlete

Non-Athlete

Left Ventricular Function

Morphology

IVSd 8-16*mm
<13 mm
LVIDd 49 -73 mm
<65 mm
LVM 113-618*g
<4009

IVSd 6-10 mm
LVIDd 42 - 59 mm
LVM 88-224g¢

LVEDV 130 - 260 ml

LVEDV 67 - 155 mi

Vqun(?es/ < 240 ml
EF(%) EF  41-77% EF  >55%
> 48%
Tissue S, 6.5-14cm/s S, >6cm/st
Doppler E, 7.5-16 cm/s E. >8cm/s
Strain/ Not clearly different Normal values
Strain rate from non-athletes not established
; 22 - 55 mm 30 -40 mm
LA size ,
(diameter) (diameter)

La Gerche et al. (J Am Coll Cardiol Img 2009:2:350 — 63)




Co lze oc¢ekavat u PK?

Ne-atleti
RVFAC 26 - 60% 32 -60%
RVEDV RVEDV
Volumes/ 130 - 260 ml 60 - 150 ml
EF (%)

RVEF
) >45%

RVEF
. >50%1t

La Gerche et al. (J Am Coll Cardiol Img 2009;2:350 — 63)




Zatez PK je vetsi nez LK

10 atletu vs. 6 kontrol

« Zatézova MRI + invazivhé mérené tlaky (MPAP a mBP)
« VypocCet prace PK= SV x mPAP; LK =SV x mBP
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Zvyseni PAPS behem zateze
(echokardiograficka studie s kontrastem)
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La Gerche et al. J Appl Physiol 109: 1307-1317, 2010.



Dilatace pravé komory i sine je
prokazatelna i u amatérskych cyklistu

m Cyklisté
m Kontroly

RVEDD/BSA RA/BSA

Kuchynka et al., Echocardiography. 2010 Jan;27(1):11-6



3D echokardiografie potvrzuje
dilataci PK u vytrvalostnich atletu

Variable Controls

STAs

ETAs

3.64= 1.2 (2.1-4.6)
32.5 + 4.2 (26-39)

27.6 + 4.4 (22-34)
76.6 + 6.8 (68-84)

RV wall thickness (mm)

RV basal diameter (mm)

RV middle ventricle diameter (mm)
RV base-to-apex diameter {(mm)
RV 3D end-diastolic volume (mL) 126.3 = 23.1 (110-155)
RV 3D end-systolic volume (mL) 56 = 18.3 (36-78)
Indexed RV 3D end-diastolic volume [mL/(m?)°-43J* 73.5 = 13.1 (59-86)
Indexed RV 3D end-systolic volume [mL/(m?)®-3?]* 33.4 + 10.3 (19-44)

RV sphericity index 0.34 = 0.08 (0.22-0.43)
TAPSE (mm) 22.7 = 2.2 (20-25)

RV area change (%) 49.6 = 2.3 (46-51)
RV 3D ejection fraction (%) 58.7 £ 9.5 (46-66)

3.7 = 1.1 (2.5-5)
33.3 + 5.3 (27-40)
27.5 + 6.4 (22-36)
77.8 + 6.3 (68-86)

140.3 + 25.1 (120-165)

62 + 23.4 (38-87)

77.8 = 11.3 (64-90)

35.8 + 12.4 (21-47)

0.37 + 0.07 (0.24-0.44)
22.4 + 2.4 (20-25)
48.7 + 3.3 (47-52)
59.8 + 8.5 (47-68)

3.6 = 0.9 (2.8-5.4)
38.7 + 5.4 (33-45)
33.5 + 5.4* (28-40)
80.5 + 5.8 (73-87)
171 + 33.4 (138-210)*

66 * 23.1 (40-93)
94.4 + 20.4 (76-115)%

37 = 14.1 (23-51)

0.42 + 0.07" (0.33-0.5)
23.5 + 2.8 (20-26)

49.5 + 3.67 (47-53)
63.5 + 9.4 (48-68)

TAPSE, Tricuspid annular plane systolic excursion.

Data presented as mean = SD, with ranges in parentheses.
*P < .001 ETAs vs STAs and controls.

TP < .01 ETAs vs STAS and controls.

*Allometric scaling (size independent).

TAPSE a RV EF klidové normaini !

D Andrea et al. J Am Soc Echocardiogr. 2012 Dec;25(12):1268-76



15/08/2006 10:24:42 DL
2 L 20.83 mm

Time 0.36 s
Vv 6 cm/s
1L 21.25 mm
Time 0.36 s
Vv 6 cm/s

FAC = (EDA-ESA)/EDA x 100
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Speckle tracking — volna stena PK
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Speckle tracking — volna stena PK
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Klidova funkce PK by meéla byt normalni
nebo supranormalni — speckle tracking a TDI

HKMP Atleti

RV fractional area 332+ 24 342+ 14 NS
change (%)

TAPSE (cm) 1.87 +0.33 191 + 0.35 NS

RV Tei index 0.47 + 0.04 0.39 + 0.06 <0.01

Tissue Doppler RV S, 94 4+ 2.1 12.3 + 3.1 <0.01
peak velocity (m/s)

RV lateral wall mean 14.3 + 4.1 224 + 3.8 <0.001
2DSE (%)

RV septal wall mean 142 + 45 214+ 34 <0.001
2DSE (%)

RV GLS (%) 142 + 44 21.7 + 3.6 <0.001

European Journal of Echocardiography (2010) 11, 492-500



Prava komora u maratoncu a
ultramaratoncu

Ulramaratonci méli vétsi PK, TAPSE, VCI, TRV,

RV GLS RV FAC (ste)
e P-value < 0.002 - P-value < 0.008
-10+ 65+ i
154 . 60+
-20 e—p— 55+ S
.25+ 50+ ‘ ‘
-30- 45+ —
-354 P 40+ i
-40+ E— 354 o
-45 T T 30 T T
Marathon Ultra-Trail Marathon Ultra-Trail
N=45 N=47

Ujka K et al. Front. Physiol. 2107;8:527.
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Zmeny PK v souvislosti s vyraznou
vytrvalostni fyzickou aktivitou
40 atlett po dlouhém vytrvalostnim zavodé 3-11 hodin

Marathon (3h)

- Endurance triathlon (5.5h)

- Alpine cycling (8h)
= Ultra triathlon (11h)

Baseline Post-race

End-diastolic
Volume

P=0.015 P=0.003

End-systolic
Volume

w
(3}

|
Baseline

L}
Post-race

De'layed

La Gerche et al. European Heart Journal, 2012;33:998-1006



Pokles funkce PK hodnocené FAC

W W n

po vytrvalostni zatezi

Mean Difference

- metaanalyza

Mean Difference

Test for overall effect: Z= 6.21 (P < 0.00001)

_ Study or Subgroup Weight 1V, Random, 95% CI [FAC (%)] Year IV, Random, 95% CI [FAC (%)]
Douglas et al 1990 6.0% 1.00 [-4.85, 6.85] 1990 e
Davila-Roman et al 1997 7.1% -3.90 [-8.60, 0.80] 1997 —

Neilan et al 2006b 5.7% -5.00 [-11.20, 1.20] 2006 -
Oxborough et al (2006) 7.6% 1.00 [-3.19, 5.19] 2006 o
Neilan et al 2006a 9.4% -8.00 [-10.50, -5.50] 2006a —
La Gerche et al 2008 7.5% -8.00 [-12.30, -3.70] 2008 ——
Mousavi et al 2009 8.5% -10.00 [-13.35, -6.65] 2009 P
Oxborough et al 2010 10.4% -5.00 [-6.19, -3.81] 2010 -
Oomah et al 2011 9.6% -8.00 [-10.26, -5.74] 2011 —
Oxborough et al 2011 10.8% -5.00 [-5.06, -4.94] 2011 .
Karlstedt et al 2012 9.3% -19.00 [-21.63, -16.37] 2012 “—
La Gerche et al 2012 7.9% -7.20[-11.14, -3.26] 2012 S
Total (95% CI) 100.0% -6.80 [-8.95, -4.66] B
Y - = . = — v 18 o 1 1 1 |
Heterogeneity: Tau® = 11.11; Chi‘ = 144.76, df = 11 (P < 0.00001); I* = 92% S0 -1o b 0 >0

Decreased FAC Increased FAC

Elliott and La Gerche BJSM 2015



Klidové hodnoty PASP odhadnuteé

echokardiograficky
Variable Control Subjects Strength Endurance
TRV, m/s 1850.7(1.3-24) L9205 (1.5-26) 23205 (1.9-29)
PASP, mm Hg 176+46/(14-33) 194 8.1 (14-36) 26.1 +6.6*(19-39)
TRV/RVOTTVL, m/s/cm 0.13%0.04(0.07-0.15) 0.12%0.04 (0.07-0.16) 0.13%0.05 (0.09-0.15)
A B
110,00 Endurance 300 Endurance
2 _ :
100,00 . 1 | 27 Strength
S : T
i Strength o
e | L
' 1 — | 175
LV Stroke Volume (ml) TRV (m/sec)

D Andrea et al. CHEST 2011, 139(4):788-794
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Dilatace VCI u atletu

Atleti Kontroly
IVC (cm) 2,31+0,46 1,14 +0,13 <0,001
Kolapsibilita (%) 58+6,4 70,2+ 4,9 <0,001

- ¥ 1. Diameter in expiration = 24.3 mm

;2. Diameter ininspiration=21.4mm

Goldhamer et al. J Am Soc Echocardiogr. 1999 Nov;12(11):988-93.
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Dilatace VCI koreluje s velikosti PK a
stupném trénovanosti

IvC

1.0 L= . . . . " .
54 58 62 66 70 74 78 82
VO2max

238 3.0 3.2 3.4 3.6 3.8 4.0 4.2
RV

Goldhamer et al. J Am Soc Echocardiogr. 1999 Nov;12(11):988-93.



Co lze ocekavat?

Dilatace prave komory (proporéné muze
byt vetsi nez leve komory)

Normalni funkce PK (shizeni po zatezi)
Dilatace praveé sine
Dilatace VCI se snizenou kolapsibilitou

Vyssi gradienty na TR (s vyssim
odhadnutym PASP) — dané vetsim SV?



ARVC jako pricina nahlée smrti u
sportovcu?

normal heart
23%

other cardiac
pathology
7%

coronary artery
pathology

11% undetermined
CM
1%
HCM; Hypertrophic cardiomyopathy, IF; Idiopathic fibrosis, ILVH; Idiopathic left ventricular
hypertrophy, ARVC; Arrhythmogenic right ventricular cardiomyopathy, CM; Cardiomyopathy.

De Noronha et al., Heart 2009



Velikost pravé komory je vyznamnym
kriteriem pro dg. A(R)VC

Data VFN a Haugaa et al. European Heart Journal - Cardiovascular Imaging (2017) 18, 237-253



Dilatace a dysfunkce PK tvori jak ,,velka“
tak ,,mala“ kritéria pro dg. ARVC

Major
2D echo criteria
Regional RV akinaesia, dyskinaesia or aneurysm and one of the
following measured at end diastole
PLAX RVOT > 32 mm
PSAX RVOT > 36 mm
Fractional area change < 33%

Minor
2D echo criteria
Regional RV akinaesia or dyskinaesia and one of the following
measured at end diastole
PLAX RVOT >29to < 32mm
PSAX RVOT >32to < 36
Fractional area change >33% to < 40%

Haugaa et al. European Heart Journal - Cardiovascular Imaging (2017) 18, 237-253



Dilatace PK u atletu

Analyza dat od 395 vytrvalostnich a 255 silovych atletu
230 kontrolnich zdravych jedincu srovnatelného véku

Dilatace PK a PS zejména u
vytrvalcu.

VySSi hodnoty PASP

Lepsi relaxace PK

RVD1 84.4 % 15.6 %

1 (mm)

4 42 43 M4 45

27 28 29 30 31 32 33 34 35 36 37 38 39 40

35 36 37 38 39 40

22 23 24 25 26 27 28 29 3 31 32 33 M

D’Andrea et al. Int J Cardiol 2013:164:48-57



Cvicenim indukovana ARVC?

46 elitnich atletu s komorovymi arytmiemi —
sledovani 5 let

80% arytmii s morfologii LBBB

Evidence abnormalit PK

* manifestni u 59%

* manifestni a podezrela u 89%

Velké arytmickeé prihody u 18

Nahla smrt u 9

ARVD rodinna anamnéza u 1

European Heart Journal 2003. 24, 1473-1480



Mensi nez ocekavana cetnost desmosomalnich
mutaci u atlett s komorovymi arytmiemi

47 atlett (42+11 let)
Komplexni arytmie s morfologii z pravé komory

Kriteria pro ARVC
— Definitivni u 51%
— Suspektni u dalSich 36%

Patogenni mutace pro ARVC 12,8%
Predpoklad u ARVC 27-52%

La Gerche et al. Heart. 2010 Aug;96(16):1268-74.



Atleti s komorovymi arytmiemi maji

cvicenim indukovanou dysfunkci PK

Endurance athlete Endurance athlete Endurance athlete Endurance athlete
- Healthy - Ventricular arrhythmias - healthy - ventricular arrhythmias
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La Gerche, et al. Eur Heart J 2015



Atleti s komorovymi arytmiemi maji
cvicenim indukovanou dysfunkci PK
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Arrhythmia/Electrophysiology

16 weeks

Cardiac Arrhythmogenic Remodeling in a Rat Model of

Long-Term Intensive Exercise Training RV FW sectlons
Begoia Benito, MD*; Gemma Gay-Jordi, PhD*; Anna Scrrano-Mollar, PhD; Eduard Guasch, MD; P < .
Yanfen Shi, MD; Jean-Claude Tardif, MD; Josep Brugada, MD, PhD; 17 ‘
Stanley Nattel, MD7: Lluis Mont, MD. PhD* i y
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Benito et al., Circulation 2011;123:13-22 —



Zdravy trénink vs. pretrénovani.

Healthy athletes heart
Balanced hypertrophy

Little or no fibrosis

Ideal training stimulus and recovery
Physiological adaptation

Exercise-induced ARVC

RV structural & functional remodelling
" s .‘ Interstitial fibrosis
' Arrhythmogenicity

Excessive training stimulus with
insufficient recovery
Cumulative microscopic injury

Heidbuchel H et al. Br J Sports Med 2012;46:i44-i50



Familialni versus cviéenim indukovana ARVC: kontinuum?
Celistvost junkci mezi myocyty je kritickou podminkou
spravneé funkce myokardu.

Myocardium

Repeated bouts of extreme exercise
- Normal desmosomal strength

-1 Mechanical stress
+ genetic modifiers

- Accumulation of very small amounts of
myocardial damage & fibrosis
- Mild to moderate change in RV function,
structure and arrhythmic potential

Desmosomal mutations
- | Desmosomal strength

- Normal mechanical stress +
environmental modifiers

- Myocardial damage, fibrous replacement
+ fat infiltration

- Potentially severe changes in RV function,
structure and arrhythmic potential

Familial ARVC Exercise-induced ARVC

Desmosomal Proteins

==0Qpee® Desmocollin - Plakophillin k Desmoplakin
o ctbodc

=——amfRems  Desmoglein & Plakoglobin ww._=# |ntermediate filament

Heidbuchel H et al. Br J Sports Med 2012;46:i144-i50



CvicCeni urychluje nastup a zhorsuje
prubéh ARVC na podkladé
desmosomalnich mutaci

Manifestace u atletu 30.1 + 13.0 vs. U neatletd 40.6 + 21.1 let

A 1.0 B 1.0
§ I INon-athlete ~INon-athlete
w " Athlete =TRAthies
E 0.8- = 08
[
] T
e o
‘® 0.6 0 06—
® — @
4 ]
)
£ 04— g 0.4+
£ ®
o 2
& c
.g 0.2 g 0.2+
c
®
0.0 Log-rank (Mantel Cox) 6.2, p=0.01 0.0- Log rank (Mantel-Cox) 8.4, p=0.004
| I | I | I | | I | I | | | | | | | | I | |
0O 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Age in years Age in years
Numbers at risk Numbers at risk
Non-athlete 31 31 24 2018 1 9 3 1 0 O Non-athlete 31 31 24 22 1811 9 4 1 0 O
Athlete 56 56 49 36 24 9 3 2 0 0 O Athlete 56 56 50 41 32 14 4 2 0 0 0

James et al. J Am Coll Cardiol 2013:62:1290-7



U atletu jsou c¢asté i zmény na EKG

A
100+
I Elite Endurance
80- I Elite Non-Endurance
ﬁ Competitive mixed discipline
© 60+
£
;';_ 40+
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0- i e @ BE B s 3 5 L
H R{Gu 1 e AVB iRBBB ERP LVH Fieure 2. Examnles of electrocardioerams demonstrating observed patterns of rieht nrecordial T-wave inversion (leads V1 to Va). (A) Dex
B
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30- Bl Elite Non-Endurance
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8 Inverze viny T
-
5 —V2: 14.3% vs 4.7%
—-V3:4.0% vs 1.1%

Group2 TWIV1-V3 Inf-lat TWI RVH

Brosnan et al. Am J Cardiol 2014



Zaver
U pravého srdce Ize oCekavat
— Dilataci
— Pokles systolické funkce po zatézi
— Dilataci pravé sine
— Dilataci VCI
V rfadé pfipadu jsou nalezy nejednoznacné a
prekryvaji se s dg. kritérii ARVC (dilatace, dysfunkce)
Excesivni trénink muze u vnimavych navodit fenotyp
ARVC
U atletu s arytmiemi z PK je morfologie upominajici
ARVC cCasta aniz by meli prokazatelné mutace
desmosomalnich proteinu
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Dekuji za pozornost....




