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@PL ACE %8 Why Do Ventricular Repolarization Abnormalities Matter?
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ECG with ventricular repolarization abnormalities
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What does it mean?

PHYSIOLOGICAL UNDERLYING
ADAPTATION HEART DISEASE
« Early repolarization * Cardiomyopathies
* Juvenile pattern * Myocarditis
« Training effect * Channelopathies

The challenge is not detecting the abnormality, but interpreting its clinical significance

A heterogeneous spectrum of ECG findings with different physiological and pathological implications
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Repolarization pattern in a young athlete
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Exercise training reshapes ventricular repolarization through
autonomic, structural and electrical adaptations.
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How Common Are Ventricular Repolarization Abnormalities in

@PLAC 26 Young Athletes?
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PREVALENCE OF VENTRICULAR REPOLARIZATION ABNORMALITIES FACTORS INFLUENCING

EARLY REPOLARIZATION PATTERN PREVALENCE

I~ 30-50%

Most common finding in trained athletes

Age
Younger athletes show
highar pravalence

Ethnicity
P a JUVENILE PATTERN L
( " o,
é I‘-._ — o Sex

Age-dependent and usually benign Males > Fomales
Type of Sport

= T-WAVE INVERSION Endurance > Power

A~ 2-5%

Less common ~- requires careful evaluation

Training Load
Greater training volume
ncreases prevalence

60000¢€C

Vialues may vary depending on popudation, ethwicity and evaluation criteria Sources: 1-4

Most ventricular repolarization abnormalities are ,
but according to athlete characteristics.

WHAT THE LITERATURE TELLS US

o —_— Corrado D, et al. q' 1 Papadakis M, et al. - Sharma S, et al. ° i D'Ascenzi F, et al,
= JAMA. 2006:296:1593-1601 —en} Br 4 Sports Med. 20T545:56-60 = Br J Sparts Med. 2017.51:704-731 — Eur Heart I 2019,40:1902-1910
ERF is the most comean ECG i T-wave Fvarsion prevakncs Internaticnal Criteria impeove Prysiclogical cardiac adaptation
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@PL ACE %g From ECG Screening to Phenotype-Guided Interpretation
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Landmark studies shaping the interpretation of repolarization abnormalities in athletes

CORRADO etal. PAPADAKIS et al. CALORE etal. SHARMA et al. D’ASCENZI et al.
European Heart Journal European Heart Journal European Heart Journal JACC Clinical Cardiology
S o
I « —_—
« e
KEY MESSAGE KEY MESSAGE KEY MESSAGE KEY MESSAGE KEY MESSAGE
ECG screening can Not all T-wave Ethnicity and Standardized Interpretation
prevent sudden inversions are phenotype ECG interpretation requires clinical
cardiac death pathological matter is essential context

Twenty years of evidence transforming
the interpretation of T-wave inversion in athletes
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QPLACE?Z3 International Criteria 2017
INTERNATIONAL CRITERIA 2017

REPOLARIZATION ABNORMALITIES (ARV) IN ATHLETES

Classifying ECG findings to distinguish physiological from pathological patterns

G
NORMAL FINDINGS o ABNORMAL FINDINGS
3 (PHYSIOLOGICAL VARIANTS) (PATHOLOGICAL)

@ EARLY REPOLARIZATION /
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o T WAVE INVERSION

ST SEGMENT ELEVATION

T WAVE INVERSION o ST SEGMENT DEPRESSION

V1-V3 AGE <16 YEARS

0 PROLONGED QT INTERVAL

BLACK ATHLETE PATTERN

0 BRUGADA PATTERN
S N
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QPLACE?ZS CLINICAL CASE

13-year-old competitive athlete
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A multiparametric approach to risk stratification

\
O Asymptomatic
~  Sympt (&o CLINICAL EVALUATION ymp
‘ é s gy athlete
¥
‘ Family history of rﬁ, ink Negative
|
‘ gl?g cardiomyopathy / SCD /_J. EXERCISE TESTING 0e family history
| +
‘ ( E ) Complex ventricular (@) ﬁ Isolated
\ arrhythmias &] ECHOCARDIOGRAPHY juvenile pattern
| ¥
Extensive TWI @ Normal
‘ @ distribution @ CARDIAC MRI . imaging
l L 4
o, Progressive et @ Stable ECG
‘ o ﬂﬂ ECG changes LONGITUDINAL FOLLOW-UP e

The clinical significance of T-wave inversion
cannot be determined from the ECG alone.
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QOPLACE22 THE ROLE OF EXERCISE TESTING
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Dynamic evaluation of repolarization abnormalities
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T-WAVE FiLﬁRSXSTL_f\'T EXERCISE-INDUCED
NORMALIZATION REPOLARIZATION Vi : 5 VENTRICULAR

ABNORMALITIES ARRHYTHMIAS
RESf EXERQSE‘ RECOVERY ) REST EXERCISE RECOVEBY EXERCISE RECOVERY
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Interpretation: Interpretation: Interpretation:
Generally reassuring Requires further evaluation High-risk finding

Exercise testing provides dynamic information

that cannot be obtained from resting ECG alone.

- KEY PARAMETERS EVALUATED DURING EXERCISE TESTING -~

T-WAVE VENTRICULAR Z‘g’ofagﬁ%‘“s EXERCISE CAPACITY
DYNAMICS ARRHYTHMIAS (amplitude, duration nu AND HEMODYNAMIC =
{PVCs, couplets, runs) rﬁovpholog,}: . RESPONSE il
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COPLACE2S CARDIAC IMAGING: THE MISSING PIECE
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Complementary tools in the evaluation of athletes with RVA

Indicated when repolarization abnormalities

cannot be confidently classified as physiological

( ARV !
ECHOCARDIOGRAPHY ’ on resting ECG 1
@ First-line imaging ( ¥ /1 @
Qﬁ Cardiac structure " j’ ] ( Q} .l @ Tissue characterization
%

CARDIAC MRI
Advanced imaging

Detects subtle myocardial

|

|

Chamber size, wall thickness, EXERCISE TESTING ECHOCARDIOGRAPHY ‘
abnormalities ‘
|

geometry Dynamic evaluation
ol =t Stmctn;r:e a::':::uonu
abnormalities l
Ventricular function C / 5
Global and regional e ¥
systolic function ‘ ‘ INTEGRATED ASSESSMENT
‘_H

Fibrosis detection
Late gadolinium enhancement
identifies replacement fibrosis ‘

Correlation of electrical, dynamic

| and structural findings
Cardiac remodeling assessment ¥

Differentiating physiological ‘ CARDIAC MRI

Phenotype clarification
Detection of subtle abnormalities
not evident on ECG or

adaptation from cardiomyopathy Advanced tissue characterization echacardiography

when uncertainty persists

¥
Widely available, no radiation, cost-effective PHENOTYPE CLARIFICATION High diagnostic accuracy for
& FINAL DIAGNOSIS myocardial disease

\ s

@/ Imaging is essential when repolarization abnormalities SP

cannot be confidently classified as physiological.

@ Integrated assessment (ECG + Exercise + Imaging) = Accurate risk stratification
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International Journal of Cardiology 422 (2025) 132968

CARDIOLOGY

Contents lists available at ScienceDirect

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

SIC SPORT 2025

A PRACTICAL APPROACH TO T-WAVE INVERSION IN ATHLETES
— Key messages from the SICSPORT Expert Opinion Statement —

ANTERIOR TWI 0 INFERIOR TWI 0 LATERAL TWI
Potentially Physiological : (1, avL, V5-V6)

® Juvenile pattern

SICSPORT
EXPERT OPINION
STATEMENT

® lIsolated finding ® Sgr:ng a:.sociationh
® Pre-pubertal athletes with cardiomyopathy

* Low positive predictive value
e Negative family history Echocardiography
® Interpretation depends

- . f ;
Abeence of symptoms on clinical context

Typically V1-V3
May extend to V4 in pre-pubertal children

Cardiac MRI |

Serial follow-up

a
® Exercise testing
"
* Imaging often required -

, 3 , : 3
@ Clinical evaluation Individualized -+ | Mandatory
| fﬁ a and follow-up a nent | investigation

its localization, phenotype and evolution over time —

not by the ECG finding alone.

/ The clinical significance of T-wave inversion is determined by
(&) ey messace

Palermi S, Tardini L, Graziano F, et al. Interpretation and management of T wave inversion in athletes: -~
n An expert opinion statement of the Italian Society of Sports Cardiology (SICSPORT) ISV CRSol 2025422102008
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LONGITUDINAL RESEARCH PROJECT ~ «.covoen
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Moving from static interpretation to dynamic risk stratification

( ) ——— STUDYDESIGN ————— i )
2 ( 3 STUDY OBJECTIVES
@ WHY IS IT NEEDED? ... Young athletes (11-16 years) < -,
... with repolarization abnormalities -~
; ’ ' Evolution of repolarization
® Limited prospective longitudinal data y ‘ = : abnormalities over time
in young athletes with ARV | Resting ECG E i
l \f Baseline evaluation ' Deze-k:‘pment of ventricular
. ' : arrhythmias
® Uncertain prognostic significance * i
of repolarization abnormalities @ Longitudinal Structural and functional

Exercise Testing (Step Test) obsarvation

| Functional assessment (annual
follow-up)

cardiac changes

Clinical outcomes and

® Lack of pediatric and adolescent : risk stratification

‘ longitudinal studies Echocardiography

Structural and functional assessment

® Need for improved risk stratification (= e )
beyond ECG and imaging Longitudinal Follow-up }

BIOCHEMICAL ASSESSMENT
Oxidative stress biomarkers

Ceo00e@

Clinical, ECG, arrhythmic and
structural outcomes

Assessment of the biological substrate
underlying electrical and structural changes

Not all repolarization abnormalities are pathological — 00® A i
only longitudinal observation and biological profiling | '.‘ .
can distinguish benign adaptation from early cardiomyopathy.

disciplinary approach
for safer sports participation
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Thank You for Your Attention

Lorenzo Morra, MD

University of Rome “Foro Italico”
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