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



Can it be predicted? Can we screen for those individuals at high risk? 
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Autopsy findings in young athletes with SCD



Decrease of SCD in competitive athletes
In Northern Italy (preparticipation screening!!!)



Differentiating between HCM and athlete’s heart



Cardiac arrhythmia development

Arrhythmia substrate Trigger
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• When repolarization is prolonged or sympathetic tone is increased, IKs
provides a safety mechanism limiting excess repolarization prolongation

• Down-regulation, genetic or acquired loss of IKs function impairs
repolarization reserve

Cardiac repolarization reserve and the role of IKs



Cardiac repolarization reserve and the role of IKs

Ferdinandy P, Baczkó I et al., European Heart Journal, in print, 2018
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Athlete’s heart: reversible cardiac hypertrophy



The IKr blocker d-sotalol causes TdP arrhythmia only 
following IKs downregulation in dogs with chronic AV-block

Vos et al., Circulation 1998



IKs downregulation in dogs with chronic AV-block:
reduced repolarization reserve

Volders et al., Circulation, 1999



Arrhythmia substrate: heterogeneity of repolarization duration



Transmural APD heterogeneity
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Variability in repolarization

What does it mean?

temporal
beat-to-beat

spatial
Purkinje fibre, M-cell, Subendocardial,

Subepicardiali Base, Apex



Short-term variability (STV)
as a parameter for repolarization reserve
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How can we measure repolarization variability?
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Short-term beat-to-beat variability

Brennan et al. IEEE, 2001; 48:1342-47.

QT or APD

Berger et al., Circulation, 1997

Poincaré plot

120 140 160 180 200 220 240
120

140

160

180

200

220

240

 Q
T 

in
te

rv
al

 (D
n+

1; 
m

s)
 QT interval (Dn; ms)



Cardiosys ECG system for QT variabilityCardiosys ECG system for QT variability

Cardiosys-A01/C01 computerized recording and analyzing system with
integrated ECG and blood pressure monitoring, and resting Holter



Increased temporal instability in professional soccer
players: increased arrhythmia susceptibility?

Lengyel, Orosz, …, Varró, Baczkó, PLoS ONE, 2011n = 76 in both groups

Short-term variability of the QT interval (STVQT)



Short-term QT variability in soccer players

QT interval before game

QT interval following game STVQT following game

STVQT before game

n = 76/group
Lengyel et al., PLoS ONE, 2011









Cardiac repolarization reserve and the role of IKs

Ferdinandy P, Baczkó I et al., European Heart Journal, in print, 2018



Impaired repolarization reserve and SCD
in competitive athletes

Miklós Fehér

• Myocardial hypertrophy: IKs downregulation (athlete’s heart)
• Sweating: chance for hypokalaemia: IKr decrease
• Seemingly harmless drugs e.g. antibiotics, antihistamines, NSAIDs (?)

• Genetic alterations, IKs impairment
• Stress situation (trigger!)
• Dietary constituents (e.g. grapefruit juice)
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• Diclofenac - NSAID, nonselective COX inhibitor

• Widely used as analgesic, antiinflammatory drug

• Some preparations are OTC

• Also used by athletes for sports injuries, most likely often in 
higher than recommended dose

• Accumulating evidence suggests increased cardiovascular risk 
associated with NSAID use

Diclofenac

diclofenac



Introduction: NSAIDs and cardiovascular safety

Trelle S et al., BMJ 2011, 342: c7086
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Effect of diclofenac on IKr and IKs

Kristóf et al., PLoS ONE, 2012
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Effect of diclofenac on APD in right ventricular muscle
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Effect of diclofenac administration on QTc, short-term QT 
variability and the incidence of TdP in anaesthetized rabbits

*p<0.05 vs. control, #p<0.05 vs diclofenac; n= 13-15 animals/group Kristóf et al., PLoS ONE, 2012
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Antibiotics ampicillin,
macrolides, 
kinolones,
trimethoprim + sulfamethoxasol, etc.

Antimycotics fluconazole,
ketoconazole, etc.

Hypokalaemia, hypomagnesaemia by drugs diuretics,
glucocortikoids, etc.

Nonsteroid anti-inflammatory drugs (NSAIDS) diclofenac, etc.
β2-receptor agonists fenoterol,

salbutamol, 
salmeterol, etc.

Antihistamines astemizole,
terfenadine, stb.

Prokinetics domperidone
Antipsychotics 1st & 2nd generation antipsychotics

Antidepressants tri- and tetracyclic antidepressants
serotonin reuptake inhibitors

Other drugs vardenafil,
tamoxifen
vinpocetin, etc.

Anti-arrhythmics prolonging ventricular
repolarization

Class I/A, I/C, III drugs

Dietary supplements grapefruit juice,
flavonoids, etc.

Drugs causing acquired long-QT syndrome



Summary

• In response to physical training, athlete’s heart develops that
involves the development of cardiac hypertrophy

• Cardiac hypertrophy is associated with electrical remodeling,
including downregulation of IKs

• IKs downregulation reduces ventricular repolarization reserve and
increases arrhythmia susceptibility

• When repolarization reserve is impaired, other (even mild) hits on
repolarization may induce serious ventricular arrhythmias and
SCD

• Such additional hits can be caused by non-cardiovascular drugs
• NSAIDs are associated with increased morbidity and mortality in

patients with cardiovascular disease, including diclofenac.

• Diclofenac does not influence ventricular repolarization markedly
at therapeutic concentrations in the normal heart

• However, diclofenac may enhance proarrhythmic risk when
repolarization reserve is impaired
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