EKG sportovce:
Od fyziologie k patologii

Interpretace dle International Criteria 2017
a navrhu 2025
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Interval PR 138ms
trvini QR 104ms
QT/QTC 414377 ms

Klinicka vyzva:| i “F
19lety cyklista

Anamnéza
Asymptomaticky vrcholovy - N 3
cyklista. Negativni rodinna
anamnéza. L\FA,,J
Parametry EKG — _
e Komorova frekvence: 50 t/min
(Bradykardie) ~ -
e |nterval PR: 138 ms
* QTc: 414 ms I . By e
e \/ysoka voltaz QRS I sz

Je toto EKG projev fyziologické adaptace, nebo tichy zabijak?



Pravidelna zatéz méni morfologii i elektriku srdce

Aerobni zatéz

\Silové zatez

Untrained State
* Excentricka » Koncentricka
hypertrofie LV hypertrofie LV
(dilatace) (zesileni stén)
« Dilatace RV  Minimalni dilatace

Biatrialni zvétSeni

* Mirna hypertrofie LA

Eccentric Hypertrophy Concentric Hypertrophy

“Atletické srdce” je fyziologicka adaptace, ktera je reverzibilni.
Zmény struktury vedou ke zménam na EKG.




Cardiac Adaptation to Exercise — The Athlete's Heart

. » Sinus bradycardia
Sporting * Repolarisation anomalies
» Voltage criteria for chamber
enlargement

Discipline

Functional

* Enhanced filling
* Increase in stroke vol.

\m_j

* Increased cavity size
* Increased wall thickness

Charakter srde€ni adaptace je zavisly na pohlavi, typu sportu, véku, etnich’mu puvodu a individualni genové vy



Nebezpecny prekryv: Adaptace vs. Patologie

HCM

Symptoms/FH X
Inferolateral T inversion, Pathological Q waves
ST depression

Bizarre LVH patterns, LV outflow obstruction
Small LV cavity

Impaired myocardial relaxation

Ventricular tachycardia

Flbrosis on cardiac MRI

Low Peak VO2

Positive genetic test

= P . LVNC

Symptoms/FH Symptoms/FH

T wave inversion, LBBB Inferolateral T inversion, ST depression, LBBB
Ventricular tachycardia At h I ete S Dilated LV cavity

Fibrosis on cardiac MRI High Trabeculation

Low Peak VO2/ failure of LV systolic High Trabeculation

function to improve with exercise H ea rt LV systolic dysfunction

Positive genetic test Impaired myocardial relaxation

Ventricular tachycardia
L~

Fibrosis on cardiac MRI
Symptoms/FH

T wave inversion V1-V3, epsilon waves
Low amplitude QRS limb leads
Marked RV systolic dysfunction
RWMA on echo and CMR

Late potentials

VT during exercise or on Holter
Positive gene test

ARVC




1998

Screening for HCM

in young athletes.

NEIM. 339(6)

Initial presentation
of farmal ECG
criteria for
differentiation of
pathology from
normality in athletes

Key Advances
-First published ECG

criteria designed to
detect occult
structural disease in
athletes

“ESC 2005"

Eur Heart J. 26(5) “ESC 2010”

Eur Heart J. 31(2)

First consensus

document
presenting Criteria update aimed
quantitative ECG g geknowledging the
criteria for use in difference between
athletes “common/training
Key Advances related” ECG patterns
-First published and
consensus document  “uncommaon/training
describing the rational unrelated” ECG
for clinical ECG patterns
interpretation in Key Advances
athletes

-Segregated athlete ECG
patterns into “Group 1"
(training related) and
“"Group 2" (training
unrelated)

“Seattle Criteria”™

Br J Sports Med 47(3)

Criteria update
agimed at refining the
ESC 2010 criteria
with an emphasis on
the development of
training modules for
sports medicine
practibioners.

Key Advances

-Provided refined
guantitative
definitions for
numerous ECG

“Revised Criteria™

Circulation. 129(16)

Criteria focused on
further improving the
specificity of athlete
ECG interpretation by
using primary data
derived from sizeable
multi-ethnic athlete
cohorts.

Key Advances
-Reclassified several
common isolated ECG

AV

“International”

JACC. 69(5)

Maost up to date
International
collaboration with
high scrutiny of
definition

Key Advances
-Most rigorous

il e il o e ol



Figure 1 International consensus standards for ECG interpretation in athletes. AV, atrioventricular; LBBB, left bundle branch block; LVH, left
ventricular hypertrophy; PVC, premature ventricular contraction; RBBB, right bundle branch block; RVH, right ventricular hypertrophy; SCD, sudden

cardiac death.

ST elevation followed by T
wave inversion V1-V4in
black athletes

T waveinversion V1-V3 <
age 16 yearsold

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

1° AV block

Mobitz Type | 2° AV block

Borderline ECG Findings

Left axis deviation

Left atrial enlargement
Right axis deviation
Right atrial enlargement
Complete RBBB

3° AV block

Inisolation / % 2ormore

i

>2 PVCs
Atrial tachyarrhythmias
Ventricular arrhythmias

)

Internation
al criteria

2017



Inferolateralni inverze vin T — nalez jednoznaéné vyzadujici komplexni dovysetreni v€éetné CMR a ge

~ Mobitz Type 112° AV block
*  3"AVblock

22 PVCs
'~ Atrial tachyarrhythmias
Ventricular arrhythmias /




2025 International Criteria for ECG Interpretation in Athletes

/ NO FURTHER EVALUATION \\_///&

ECG findings are training-related or not \/\ ECG findings are associated with conditions at

\-//\
genefauy associated with conditions at risk \\/\\I\///&\ fiskfor SCD

FURTHER EVALUATION

for SCD « Lateral T wave inversion

Increased QRS voltage for LVH or RVH / R [ \ *  Anterior TWI (excluding green and yellow box
Incomplete or complete RBBB < 140 ms MAY REQUIRE EVALUAZ/ON patterns)
Non-specific IVCD < 140 ms . ) ) *» ST segment depression
Early repolarization/ST segment elevation ECG findings have an uncertain relationship +  Pathologic Q waves
Athlete repolarization variant (J-point and with conditions at risk for SCD + Complete LBBB
convex ST elevation followed by T wave «  Female athlete T wave inversion V1-V3 » Complete RBBB or IVCD 2140 ms
inversion V1-V4) . Inferior T wave inversion L Ventricular pre-excitation
= .2 EEL ?w N Juvenile T wave inversion (age < 16 years +  Low QRS voltage * Prolonged QT interval
ECG INTERPRETATION IN ATHLETES V1-Vv3) « 1 PVC with inferior axis * BrugadaType 1 pattern
Left atrial enlargement . Axis deviation . PR interval 2 400 ms
Right atrial enlargement . * Mobitz Type Il 2° AV block
Sinus bradycardia or arrhythmia « 3°AVblock
Ectopic atrial or junctional rhythm » 22 PVCs
Premature atrial contractions * 1 PVC with superior axis or short-coupling
1° AV block : S s *  Atrial or ventricular arrhythmias
Mobitz Type | 2° AV block Are there 2 2 ‘yellow box flpdlqgs or
concerning personal or family history?
No . e Yes
No further evaluation required | .- T Further evaluation required
in asymptomatic athletes with no famity ¢*~ ™ to investigate for pathologic cardiovascular
history of inherited cardiac disease or SCD disorders associated with SCD in athletes

Prozatim NEPUBLIKOVANY navrh International critera 2025 pro hodnoceni EKG sportov



Interpretace EKG sportovce se neustale vyviji, napr. zde vyvoj pro TWI na predni stéené

TWIin V1-V2

Normal in any athlete

Juvenile (age
<16) TWI

Flat or elevated ST
segment followed by
TWI confined to V1-V3

Athlete
Repolarization

Variant
J-point elevation
(21mm) and convex ST
elevation followed by
TWI confined to V1-V4

Female Athlete
TWI

Flat or elevated ST
segment followed by
TWI confined to V1-V3
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I I I I abnormalities:
I I Normal regardless of | | I s e
: ! ! race/ethnici ! ‘ | S NS e
No further evaluation | ! | No further evaluation |'! & ! T"',’°,°' s yel,lo,w I |« Epsilonwave
! [ 1 | box’findings orclinical |1 |, pyc
needed ) needed | . | = | S
" , No further evaluation |, concerns? 1 |« LQRSV
: : needed : : « Inferior or lateral TWI
| | I |
| | I |

Further evaluation needed




Definice LQRSV: Amplituda QRS komplexu (peak-to-nadir) < 0,5 mV (5
5 mm) ve véech koncetinovych svodech (I, Il, lll, aVR, aVL, aVF).

Nizka voltaZ QRS u sportovcu: Skryty varovny signal fibrézy

r

Statistiky a Patofyziologie

40 % @ Riziko fibrozy

u sportovcu s kombinaci LQRSV a komorovych
arytmn prokazuje CMR v 40 % pripadd pozdni
syceni gadoliniem (LGE).

Teorie "Fibrozni hypotézy"
Zdravy myokard je nahrazen elektricky inertni

fibro-tukovou tkani (napf. u ACM nebo stavti po
myokarditidé), coZ oslabuje elektricky signal.

28 000+ let sledovani

Rozsahla data potvrzuji, Ze izolované zmeny bez
strukturalnlho korelatu vyzaduiji odliSny pristup
umuzd a Zen.

LQRSV neni
benigni nalez.

Hledejte

, skrytou fibrézu.

4-fazovy protokol vylouceni

FAZE I: Extrakardialni vylouéeni
Vylouéeni Utlumu signalu v disledku
habitu (BMI > 30), plicniho emfyzému
nebo velkého perikardialniho vypotku.

FAZE II: Profilace rytmu

Povinny 12- svodovy Holter, ktery musi
obsahovat tréninkovou jednotku pro
zachyceni zatézovych arytmii.

FAZE IlI: Analyza morfologie

Identifikace “red flag” arytmii: PVC s
morfologh Sirokého RBBB (naznacuje ptvod
v levé komore a moznou fibrézu).

FAZE IV: Prah pro CMR

CMR je indikovana pfi jakékoll komorové
ektopii, symptomech nebo pozitivni
rodinné anamnéze.

w Holter musi byt
Z- se zatézi.

Reference: Finocchiaro, Zorzi, Sharma et al., European Heart Journal 2026;47(2):152-168.

* Nizky prah pro
indikaci CMR.

Prevalence
(o)
v obecné populaci
03 % pop

Paradox prevalence sportovcl.

2,2 %

Paradoxni prevalence u sportovcli

i 4 0 0/ Prevalence u
) O elitnich sportovcii

Red Flags a Diagnostika

Red Flags pro patologii
A Pozitivni rodinna anamnéza
A Nevysvétiend synkopa
A Komorové extrasystoly (PVC) pri zatézi

CMR vs. Echokardiografie

CMR prokazuije loziska
fibrozy (LGE).

Echo cGasto nestaci; fibroza
(zejména mid-wall nebo sub-
epikardialni) je pro standardni

ultrazvuk neviditelna.

Diferencialni diagnoza

Patologicka
fibraza levé
komory

Fyziologicka
adaptace (napr.
u cyklistl)
hypertrophy)

@V V1notch u cyklistil
vo je obvykle benigni.

A

T

SDM (Sdilené
* rozhodovani) je
eticky standard.



Screeningova kaskada EKG u sportovcﬁ: Model pro 10 000 probandii (Dle International Criteria 2017)

Populace 10 000 sportovcii

ﬂl Iiﬂwwwm | Vychozi modelova skupina pro aplikaci International Criteria 2017 (IC 2017).

Pri spravné aplikaci IC 2017 byste méli nachazet podobna Cisla.
Vyrazné VICE = over-diagnosis.
Vyrazné MENE = missed pathology.

&

Sekundarni vySetrérni vySetieni (Diagnosticky proces)

Normalni EKG Hranicni nalez (1 nélez) Abnormalni / Hranicni 22
9650 -9750 150 - 200 150 - 300 .
(96,5-97,5 %) (1,5-2,0 %) (1,5-3,0 %) @ @ L,
Tréninkové zmény Izolované nélezy TatoRninaivZadiedali 120 30-40 20-30
(napf. sinusovd bradykardle, (napi. osa doprava, dilatsce sini) kardioﬂ)giclzg do§tletieni
izolovana voltazova kritéria LVH) nevyzaduji dalSi postup, pokud nejsou k vylougen patologie Echokardlografle Zitazovy Holterovo  Kardidini MRI: Elektrofyzwloglcke Genetické
nevyzaduiji Zadné dalsi vySetfeni. pfitomny elespoi dva soucasne. : test: monitorovani (24h): studium (EPS): testovani:
Vsechna abnormalni Stratifikace WPW, Cetnost extraeystal Podezienina ARVC,  Biziko WPW, Potvrzené
EKG, screening  LQTS, provokace (PVC), dokumentace nejesné echo, ablace arytmii kandlopatie,
2 strukturalnich vad arytmil arytmii fibrdze (LGE) kardiomyopatie

LEVEL 3 - Finalni vystupy (Klinicky zavér)

(%)

Qadi va LEVEL 4 - Detekované diagnozy
Seda zona :
(GRAV ZONE) (Rozbor patologii) Benchmark Box - Kontrola kvality
@® Kardiomyopatie (HCM, ARVC, DCM) Vst vysledek
20 e 50 - HOM: 4~ gpn';)zagu ARVC/ACM: 2-4 pipady; (% abnormalnich) Inteipratace
D pripany; Over-dia
gnosie )
sportovcﬁ € Kanlopatie (WPW, LQTS) >10% (Nadinterpretace nalezil)
WPW (vyseké riziko): 6-14 pfipadu; Sprivaé kallbrace
Nalezy vyzadujici pravidelné oy LTS 3,6 ?"padu 15-3,0% (Optimélni dle IC 2017)
stedovani (surveillance), ale v Esmé“' palezyr s St Under-diagnosis !
bez okamzité restrikce. agt?;‘oa':n?‘?map"(ﬂ(_s).)' wrozené vady (3-8), <1% (Riziko prehlédnuti patologie)

Sharma et al. JACC 2017; Dhutla et al. JACC 2017; Sarto /&) NotebookLM



| 1. ATLETICKE SRDCE
Fyziologicka adaptace vs. patologie - prekryv!

1 2. INDIVIDUALIZACE
Sport « Pohlavi « Vék ¢ Etnicita « Genetika

1 3.1C 2017
Normalni — Hrani¢ni — Abnormalni

1 4. TWI=VYSETRIT
Echo » Zatéz « CMR « CT * Genetika

7 5.VYVOJ KRITERII
IC 2017 — IC 2025 (brzy!)

8B 6. KONZULTUJITE
Pri pochybach vzdy!

Take home messages




