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Specific features of 12-lead ECG in athletes



The clinical approach to read the athlete’s ECG 
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Evolving criteria to read the athlete’s ECG



International criteria (2017) to interpret the ECG in athletes 



Intl. ECG criteria criteria reduce false positives and need for additional testing  

Duthia H et al. JACC 2017 



New International criteria for athlete’s ECG

Seattle September 24-26, 2025  



New International criteria for athlete’s ECG. Seattle 2025  



NO FURTHER EVALUATION
ECG findings that are training-related 
or variants not generally associated 

with conditions at risk for SCD 
• Increased QRS voltage for LVH or 

RVH
• Sinus bradycardia ≥ 30 bpm
• Sinus arrhythmia
• 1° AV block PR interval < 400 ms
• Mobitz Type I 2° AV block
• Ectopic atrial or junctional rhythm
• Premature atrial contractions
• Incomplete or complete RBBB < 140 

ms
• Non-specific IVCD < 140 ms
• Left or right atrial enlargement
• Early repolarization/ST segment 

elevation
• Juvenile TWI V1-V3 (< 16 years)
• Male athlete repolarization variant (J-

point and convex ST elevation 
followed by TWI confined to V1-V4)

FURTHER EVALUATION
ECG findings that are associated with 

conditions at risk for SCD
• Lateral, inferolateral, or anterolateral 

TWI 
• Anterior TWI (excluding green and 

yellow box patterns)
• ST segment depression
• Pathologic Q waves
• Complete LBBB
• Complete RBBB or IVCD ≥140 ms
• ≥ 2  PVCs of any morphology 
• 1 PVC with non-inferior axis or short-

coupling 
• Ventricular pre-excitation
• Prolonged QTc interval
• Brugada Type 1 pattern
• PR interval ≥ 400 ms
• Mobitz Type II 2° AV block
• 3° AV block
• Atrial or ventricular tachyarrhythmias

No further evaluation required 
in asymptomatic athletes with no family 
history of inherited cardiac disease or 

SCD

Further evaluation required 
to investigate for pathologic 

cardiovascular disorders associated with 
SCD in athletes

2025 International Criteria for ECG Interpretation in Athletes

MAY REQUIRE 
EVALUATION

ECG findings have an unclear 
relationship with conditions at risk for 

SCD
• Female athlete TWI V1-V3 (≥ 16 

years)
• Inferior TWI 
• Low QRS voltage
• 1 PVC with inferior axis 
• Axis deviation

Are there ≥ 2 ‘yellow box’ findings or 
concerning personal or family history?

YesNo



Abnormal ECG Findings in Athletes: new emphasis on

• Lateral/Infero-lateral TWI 
• Anterior TWI (with some exception)
• ST-segment depression



MM, soccer player at age of 28 years 
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Same athlete, at the age of 33 years



ECG abnormalities precede LVH

Adolescence

Adulthood

Genotype 
anomalies

Abnormal 
ECG

LV Hypertrophy



• CMR with LGE (echocardiography usually 
not sufficient) 

• Serial evaluations in case of negative 
findings

• Family screening (at least, 12-lead ECG) 
• Gene testing not advised

Lateral and inferior-lateral TWI  require 
extensive investigation searching for underlying 
CMP (usually, HCM)



 Vast majority of anterior TWI 
observed among healthy 
athletes (both Caucasian and 
Afro-Caribbean) was preceded 
by J-point elevation. This marker 
was never observed among 
patients with ARVC. 

J-point elevation <1 mm and 
TWI extending beyond V4 
showed a sensitivity for RV 
cardiomyopathy of 100%. 

Anterior 
TWI in 
Athlete

Anterior 
TWI in 
ARVC



First Evaluation in 2017

No abnormal findings at Echo and CMR

The athlete continued in competitive sport



ECG abnormalities precedes morphologic changes in ARVC

2017 2021 2024

Serial evaluations from 2017 to 2024



Abnormal ECG Findings in Athletes: new emphasis on

• ≥ 2  PVCs of any morphology 
• 1 PVC with superior axis or short-coupling
•  Atrial or ventricular tachyarrhythmias



LBBB/RBBB 
and inferior axis 

RBBB narrow QRS,  
inferior/horizontal 

axis; fascicular 

RBBB large QRS 
and superior axis 

LBBB and 
superior axis 

by D’Ascenzi and Zorzi, 2016

Evolving criteria on 
significance of PVBs



Clinical correlates of  PVBs in athletes

Arrhythmogenic 

Cardiomyopathies

Drugs

Ischaemic 
Heart 

Disease



Borderline ECG Findings in Athletes: new emphasis on

• Low QRS voltages
• Axis Deviation
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LQRSV should never  
be considered a 

benign ECG change.

LQRSV may be 
a ‘red flag’ for an 

arrhythmogenic condition

Low QRS 
voltage



GM, 55 years, male, asymptomatic
Running and Trekking

LAD  + RBBB

• Left axis deviation in association with ….RBBB



Normal ECG Findings in Athletes: new emphasis on

• RBBB <140 ms and 
• Any aspecific IVD <130 ms
• Early repolarization



RBBB-related-conditions are found in 5% of young 
individuals and are more common in those with additional 
heart symptoms, family history of premature heart disease, 
other abnormal ECG findings, when ≥130 ms.

RBBB <140 ms



Thank you for your attention

See also: www.antoniopelliccia.it


