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SCD in competitive athletes: cardiac repolarization reserve impairment and
increased arrhythmia susceptibility?




Autopsy findings in young athletes following SCD
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Research aims

To develop an experimental model of long-term intensive endurance exercise

ether exercise training induces potentially adverse myocardial morphological and/or electrical remode
especially at a cellular level

Experimental groups
e

ling program duration: 16-week treadmill running

"Trained’
(n=12)

f trainings: 5 times /week
ling sessions: 2x90 min long-distance
running +

2x50 min interval running
nation: 0% - 5% - 12%
. daily distance: 80 km

. running speed: 22 km/h
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Echocardiography: Left ventricular hypertrophy
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Bradycardia and increased heart rate variability

~
) Bradycardia
1400 - Control: n=12
In vivo ECG . 1400 1 Isolated heart * Trained: n=12
5 1200 1 recordings EE’ 1200 - Preparation
= 1000 - >
= S 1000 -
5 800 * 2 g0 -
= 2
Y 600 8 600 -
Y pe)
S 400 2 400 A
s 2
= = |
200 S 200
0 0 -
@ Control M Trained HE Control M Trained y

- RR(ms] #tdog_23 at 0™ week

56, 814 548 AM.M? 436 698 o 475 469 613

A A nw

6L | 667 722 | gop 524 430 3
A Al AL AW A_alA AW
St . d At SRS

S 0 s et et € o G e €

_INRRmS] #idog 23at 16" week Representative illustration of heart rate changes

1810 1676
1487 713
1951 1098 9% 2090 799 736

5 1632 126

viations: rmsSD, root mean square of the successive differences;

rained 16" week vs. Control 16t week; * * p<0.05 Trained 0" week vs. Trained 16" week

-

B) Heart rate variability increase

Control: n3
rmsSD RR Trained: n
500 *k [ ok [ [* *E[* *ok [k *k %
T 40| ] S S S A
_ 1 \ _
=0l I 1 I T T
o 1
§ 200 7 _ri . - T T T T
LR S R s s ——
0 T T T _ T ! ! '
2 4 6 8 10 12 14 16

Experimental time (min)

—o—TrainedWeek_0 —O—Trained\$Veek_16 —= ControIWeekvz? ControlWeek_

€

Heart rate (bp

C)
250
230

190

—_
~
o

150
130
110

90

70 A

50

(n=12

(n=1

Heart rate response to i.v. atropine (Dose: 0.04 mg/kg)

I

Atropine iv.

—TrainedWeek_0 —TrainedWeek_1
(n=12) (n=12)

-10

-6

-2

2

6

10 14 18 22 26 30 34 38 42 46

Experimental time (min)




ECG: Repolarization changes and ectopic activity

A) Baseline (drug free) ECG measurements
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Arrhythmia (VF) susceptibility and LV fibrosis
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Pacemaker channel (l;) protein density determination by immunochemistry

in dog ventricular myocytes
Overexpression of HCN4 protein in dog left ventricular myocytes
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Transmembrane ionic current measurements in dog left ventricular myocy

Magnitude of transient outward potassium current (1)
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Transmembrane ionic current measurements in dog left ventricular myocy
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Intracellular Ca2+ handling in sedentary and trained dogs
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APD alternans in sedentary and trained dogs
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Fluorescence (F/F0)

Fluorescence (F/F0)

Ca2+ transient alternans in sedentary and trained dogs
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16 weeks of continuous intensive endurance training

v' Left ventricular hypertrophy — physiological morphological adaptation

v" Training induced bradycardia with increased heart rate variabiliy — vagal enhancement

v Moderate response to atropine in vivo and decreased sinus node cycle length — intrinsic changes in the sinus node?

&
A g

v" Overexpression of HCN4 protein in left ventricular myocytes

v Increased ventricular ectopic activity -
v’ Burst stimulation: increased incidence of ventricular fibrillation
v" Moderate left ventricular fibrosis -
v" Prolonged repolarisation and increased repolarisation inhomogeneity on the ECG (1QTc, 1STV QT, 1TpTe)

v" Prolonged action potential duration and increased APD variability in left ventricular myocytes

v" Decreased |, -current magnitude in left ventricular myocytes

And / or extreme bad

Morphological/
pholiog luck? — Sudden Cardiac Death

functional remodeling +/-

Polyak et al, eLife 2023
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Purkinje-ventricle dispersion of sedentary and trained dogs
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Increased temporal instability in professional soccer players: increased
arrhythmia susceptibility?

.'T-" i 3 3
OPEN () ACCESS Freely available online =~ PLoS one

Increased Short-Term Variability of the QT Interval in
Professional Soccer Players: Possible Implications for
Arrhythmia Prediction

Csaba Lengyel’, Andrea Orosz? Péter Hegyi', Zsolt Komka®, Anna Udvardy?, Edit Bosnyak®, Emese
Trajer3, Gabor Pavlik®, Miklos Téth?, Tibor Wittmann', Julius Gy. Papp®*, Andras Varré?*, Istvan
Baczko?*

1 1st Department of Internal Medicine, Faculty of Medicine, University of Szeged, Szeged, Hungary, 2 Department of Pharmacology and Pharmacotherapy, University of
Szeged, Szeged, Hungary, 3 Department of Health Sciences and Sports Medicine, Faculty of Physical Education and Sports Sciences, Semmelweis University, Budapest,
Hungary, 4 Division of Cardiovascular Pharmacology, Hungarian Academy of Sciences, Szeged, Hungary

Short-term variability of the QT interval (STV ;)

6-
24 -
2] *k%k
20 5-
o 184 ]
T 16. e AEH
3
S 14. E . x
©
124 = 34
= 5 3
5 10- E
£ 8 n 2]
£
5 64 |]||4 |
z 1
2. J |
0_ _" 7
1 2 3 4 5 6 7 8 9 10 0 —t
STVqr (ms) [—1 Control Soccer players before game

(] Control I Soccer players before game Soccer players following game



Short-term variability (STV) of repolarization as a parameter for
repolarization reserve

In vivo, Cellular
clinical (ECG) (action potential)

variability




Cardiac repolarization reserve and the role of I,

A Healthy myocardium with intact repolarization reserve
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& harmful effects of sports activities
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Increased short-term variability (STV) of repolarization in animal
experimental models
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Transient outward ,channel” (l,,) protein densities determination by
immonochemistry in dog ventricular myocytes
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Increased short-term variability (STV) of repolarization in human
pathological settings
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