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Sudden Cardiac Arrest
in Young Athletes

* Leading cause of death in
young athletes during sport

» Exercise is trigger for SCA in
athletes with underlying
cardiac disorder




Quick Stat

75% of all fatalities
during sports are
cardiovascular related



Sudden Cardiac Death in Athletes

Flo Hyman Len Bias Hank Gathers Reggie Lewis
January 24, 1986 June 19, 1986 March 4, 1990 July 27, 1993



SCA/D is not so rare!

History & physical is not enough
Lessons

Precision ECG interpretation is possible

Learned

AEDs should be everywhere

SCA goes unrecognized




OBJECTIVES

Distinguish normal physiologic ECG findings from ECG abnormalities
requiring more investigation

Define the latest updates to ECG interpretation in athletes based on
the 2025 International Criteria (IC25)

Outline the recommended secondary evaluation of specific ECG
abnormalities




Outline

Epidemiology of SCA/D

Cardiovascular screening

Evolution of ECG interpretation criteria
New and emerging science

Key changes IC17 = 1C25

5-steps to accurate ECG interpretation



Age Dependent Incidence & Causes of SCD

- ECG

La Gerche et al. JACC Cardiovasc Imaging 2013



Prospective surveillance
July 2014 — June 2018
331 cases of confirmed SCA/D

BJSM 2020




Most Common Causes of SCA/D

Cardiomyopathies
e 20% overall

* 20% high school

* 47% college and professional athletes

Peterson et al, B/SM 2020

Anomalous Coronary Artery
* 12% overall

* 12% high school
* 28% middle school athletes




Incidence of Sudden Cardiac Arrest and Death in
NCAA Athletes: A 9-year Surveillance Study

July 2014-June 2023

National Center for UW-NCAA NCAA Survey to 1071
Cat:.zlstrophlc Sport Database Resolutions Lists I (s . I\.'CA'.A
Injury Research institutions

An expert panel adjudicated etiologies of SCA/D with available info.




RESULTS

1in 45,814 AY

(95%Cl1 1 in 37,361 AY to 1 in
56,369 AY)

SCD (52)
SCD

1in 87,223 AY

(95%Cl 1 in 66,513 AY to 1
in 116,789 AY)

| SCA I
1in 96,503 AY

(95%Cl 1 in 72,570 AY to 1
in 131,338 AY)




Incidence Of SCA/D Basketball (n=22) Division 1 (n=17)
in NCAA Athletes 1:3,413 AY 1:1,636 AY

Black (n=40) (95% Cl 1:2,254 AY to (95% CI 1:1,022 AY to
5,446 AY) 1:2,808 AY)
1:12,693 AY

(95% Cl 1:9,321 AY to Football (n=15)

1:17,767 AY)
1:17,271 AY

_ 95% ClI 1:10,472 AY to
Male (n = 85) ( 01:30 859 AY)

1:30,008 AY

Overall (n=99) (95% Cl 1:24,268 AY to Basketball (n=7) Division 1 (n=3)

1:45,814 AY LETe 1:9,409 AY 1:3,929 AY

(95% Cl 1:37,361 AY to
1:56,369 AY) Female (n=14)

1:141,782 AY 1:37,627 AY

: : 95% Cl 1: 1,345 AY to
White (n=42 (95% Cl 1:4,567 AY to ( )
( ) 1:23,402 AY) 1:19,054 AY)

(95%Cl 1:84,503 AY to (95% Cl 1:27,736 AY to =
: 27, ootball (n=15
1:259,338 AY) 1:52,434 AY) ( )

1:20,620 AY

(95% Cl 1:12,502 AY to
1:36,841 AY)



Etiology of Men’s Basketball Cases

An adjudicated cause was determined in 45% of cases.

Dilated
Cardiomyopathy BUACIEICIEE
= 0% n=1, 17%

62% Cardiomyopathy
At least 69% ECG detectable

n=6 n=7

P

Ventricular

Hypertrophic

) Hypertrophic Hypertrophy
S L7 R Cardiomyopathy n=1, 14%
AEE S n=2, 29%
Etiology of SCA Etiology of SCD



Cardiovascular Screening in
Athletes

Unravelling the Puzzle

Widespread agreement that
screening is important

Early detection of conditions at
risk of SCD

Evidence-based approach




Cardiovascular Screening in Athletes

History &
Physical

e Model is inadequate
to fulfill the primary
objective of screening
e Limited effectiveness
e Lacks scientific
validation

Bridging the Gap

Education
Training
Infrastructure

Best
Practice

ECG

e Accomplishes the
same goal with greater
effectiveness

e Requires competence
in ECG interpretation

e Cardiology resources
to conduct proper
secondary
investigations and
management of
identified disorders



FIFA consensus: “best practice” recommendations for
cardiac screening in youth football players

BJSM 2025



Circulation z

MNew online ﬁ::‘?’r‘ican
https:/idoi.org/10. 1161/ CIR.0000000000001297 Associotion

AHA/ACC SCIENTIFIC STATEMENT

Table 4. Clinical Considerations for the Preparticipation Cardiac
Evaluation of Competitive Athletes

Clinical Considerations for Competitive Sports
Participation for Athletes With Cardiovascular
Abnormalities: A Scientific Statement From the American
Heart Association and American College of Cardiology

Jonathan H. Kim, MD, MSc, FACC, Aaron L. Baggish, MD, FACC, Benjamin D. Levine,
MD, FAHA, FACC, Michael J. Ackerman, MD, PhD, FACC, Sharlene M. Day, MD, FAHA,
Elizabeth H. Dineen, DO, FACC, J. Sawalla Guseh Il, MD, Andre La Gerche, MBBS, PhD,
Rachel Lampert, MD, FHRS, FACC, Matthew W. Martinez, MD, FACC, Michael Papadakis,
MBBS, MD, FRCP, Dermot M. Phelan, MD, PhD, FACC, and Keri M. Shafer, MD, FACC on
behalf of the American Heart Association Leadership Committee of the Council on
Clinical Cardiology; Council on Basic Cardiovascular Sciences; Council on
Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery and
Anesthesia; Council on Peripheral Vascular Disease; and American College of
Cardiology

“12-lead ECG screening is reasonable as long as
equitable access to expertise and a downstream
process with appropriate resources are available.”

“Although the H&P has relatively low sensitivity
(10%-20%) in detecting silent cardiac conditions,
symptomatic athletes with previously unrecognized
disease and individuals with family history suggestive
of inherited cardiovascular disorders can be
identified.”

“An ECG enhances detection of ion channelopathies,
accessory pathways, and many cardiomyopathies,
increasing the sensitivity of the PPE for detection of
potentially fatal cardiac conditions to 94%.”




The time for
' ECG screening

S
"~ is now!
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ECG Interpretation
in Athletes



Physiologic Cardiac Adaptation: ‘Athlete’s Heart’

Increased
Vagal Tone

Sinus bradycardia
Sinus arrhythmia
Early repolarization
1° AVB
Mobitz Type | 2° AVB

Type of Sport
Age/Sex
Size
Genetics

Enlarged

Chamber Size
Wall thickness
Cavity dimension

LVH voltage criteria
Incomplete RBBB




Evolution of ECG Interpretation
in Athletes

2014

European Heart Journal (2010) 31, 243-259 ESC REPORT
EUROPEAN doi:10.1093f’eurhear‘tp’ehp473
SOCIETY OF
CARDIOLOGY*

. . .
Rocarmmaoandatinne favr infarnvaftatinn nf 1) _laad
ECG Criteria for further

" Examiple Logs i 8 P e
Abnormality evaluation REARA vy ORS00 pes )\
WD ‘-I
=1 mm indegih or =80 ma. durssioe in " _-H"‘-\
v any leaad ecorprt 10, 5T 9V and VI s 5 ;I.l"r -
_TI"I I 1A% axiy Pl o Defagind than - 30 - I|u.
dhiviation Pl e righviweand than 173 1 {
005 o e kw PR ESsEROvic i h A By
et o s boginning of T =
AT dipiaiidon s I W, WIS, R, Lo —
I =470 i i ik i f -
+1 mvm i are lead i arc imbereal 4Rl e in dermaken _:{'\-II'.-"""_-\. .. r'.-"""\n_-\.
L AL] i oy J - _
sl mm in keds ofber Hhas 1], &fH and
T weawm imeersan Wl [enpept VI and VA inwonen <15
el — i s i ik g~ =8 32 £y A55S




2d International Summit on

ECG Interpretation in Athletes
February 26-27,2015 - Seattle, WA




2017

Freely available at: http://bjsm.bmj.com/content/early/2017/03/03/bjsports-2016-097331



http://bjsm.bmj.com/content/early/2017/03/03/bjsports-2016-097331
http://bjsm.bmj.com/content/early/2017/03/03/bjsports-2016-097331
http://bjsm.bmj.com/content/early/2017/03/03/bjsports-2016-097331
http://bjsm.bmj.com/content/early/2017/03/03/bjsports-2016-097331
http://bjsm.bmj.com/content/early/2017/03/03/bjsports-2016-097331

International Criteria for ECG Interpretation in Athletes

@rmal ECG Findings \ /bnormal ECG Findings \

* Increased QRS voltage for T wave inversion
LVH or RVH * ST segment depression

* Incomplete RBBB * Pathologic Q waves

* Early repolarization/ST * Complete LBBB
segment elevation * QRS 2140 ms duration

* ST elevation followed by T * Epsilon wave
wave inversion V1-V4 in * Ventricular pre-excitation
black athletes * Prolonged QT interval

* T waveinversion V1-V3 < * Brugada Type 1 pattern
age 16 years old *  Profound sinus bradycardia

* Sinus bradycardia or / ] . \ <30 bpm
arrhythmia Borderline ECG Findings * PRinterval 2400 ms

« Ectopic atrial or junctional * Left axis deviation e Mobitz Type Il 2° AV block
rhythm * Left atrial enlargement e 3°AV block

e 1°AV block * Right axis deviation e >2 PVCs

»  Mobitz Type | 2° AV block * Right atrial enlargement Atrial tachyarrhythmias

k / \’ Complete RBBB ) & Ventricular arrhythmias j
‘l’ In isolation "‘a‘ 2 or more ‘l’

No further evaluation required Further evaluation required

in asymptomatic athletes with no < ~-3» | toinvestigate for pathologic

family history of inherited cardiac cardiovascular disorders associated
disease or SCD with SCD in athletes

o
S
o
.
S
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.
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Evolution of ECG Interpretation Standards

European Society of Seattle Refined International

Cardiology (2010) (2013) (2014) (2017)

False Positive




International Summit on ECG Interpretation in Athletes







ECG Summit

* 54 PANELISTS

* 14 COUNTRIES

 ADULT & PEDIATRIC CARDIOLOGY
* CARDIOMYOPATHY

* ELECTROPHYSIOLOGY
 EXERCISE PHYSIOLOGY

* GENETICS

 SPORTS MEDICINE

Sweden
UK
Germany

Belgium
& Italy

Israel Qatar

Nigeria

.Singapore

Australia

New Zealand






The primary purpose of cardiac screening in athletes
is the identification of conditions at risk for SCD.

BALANCING SENSITIVITY AND SPECIFICITY

CONDITIONS AT RISK
FOR SUDDEN DEATH

CONGENITAL HEART DISEASE
NOT ASSOCIATED WITH

e — SUDDEN DEATH
ABNORMALITIES HIGHER FALSE-

POSITIVE RATE




2005 2014

2016

“The main purposes of the consensus

document are (i) to reinforce the
principle... of the need for pre
participation medical clearance of all
young competitive athletes involved in
organized sports programmes... to
identify hypertrophic cardiomyopathy

“The present discussion defines
cardiovascular screening as an initiative
intended to prospectively identify or raise
suspicion of previously unrecognized and
largely genetic or congenital cardiovascular
diseases known to cause sudden cardiac

(HCM) and to prevent sudden death:;... arrest and SD in young people.”

2020 2025

“The primary goal of cardiovascular
screening in competitive athletes is to
identify underlying cardiac disorders
predisposing to sudden cardiac arrest
and death (SCA/D) with the intent to
reduce morbidity and mortality by
mitigating risk through individualised,
patient-centred and disease-specific
medical management.”

“Pre-participation CV screening aimed
at the detection of disorders associated
with SCD is universally supported by
major medical societies.”

“Preparticipation cardiac screening aims

to detect cardiovascular conditions that

increase the risk of SCA or SCD during
competitive sports participation.”




2005 2014

2016

“The main purposes of the consensus

document are (i) to reinforce the
principle... of the need for pre
participation medical clearance of all
young competitive athletes involved in
organized sports programmes... to
identify hypertrophic cardiomyopathy

“The present discussion defines
cardiovascular screening as an initiative
intended to prospectively identify or raise
suspicion of previously unrecognized and
largely genetic or congenital cardiovascular
diseases known to cause sudden cardiac

(HCM) and to prevent sudden death;... arrest and SD in young people.”

2020 2025

“The primary goal of cardiovascular
screening in competitive athletes is to
identify underlying cardiac disorders
predisposing to sudden cardiac arrest
and death (SCA/D) with the intent to
reduce morbidity and mortality by
mitigating risk through individualised,
patient-centred and disease-specific
medical management.”

“Pre-participation CV screening aimed
at the detection of disorders associated
with SCD is universally supported by
major medical societies.”

“Preparticipation cardiac screening aims

to detect cardiovascular conditions that

increase the risk of SCA or SCD during
competitive sports participation.”




Etiology of SCD
in Athletes




Starting Point

Evidence Synthesis

Emerging Evidence, Presentations,
Expert Panel, and Discussion Outputs

A AN

Diagnostic Accuracy of
the International Criteria
for ECG Interpretation in

Young Athletes: A
Systematic Review and
Meta-Analysis

Improving the
International Criteria for
ECG Interpretation in
Athletes: a Modified
International Delphi Study
of International Sports
Cardiology and Sports
Medicine Experts

Association of Specific
ECG Patterns with
Conditions Associated
with Sudden Cardiac
Death in Young Athletes:
A Systematic Review

Y4 A

Voting & Level |___
of Agreement

IC25 Consensus
Recommendations

/
/
4\,L _____.l BJSM Speciallssue
INTERNATIONALSUMMIT ON

ECG INTERPRETATION IN ATHLETES [ Co-Publication: JACC, EH)

Y ECGTraining

Steering
Committee
Review and
Input

Modules




1)
2)

3)

Diagnostic Accuracy of the International Criteria for ECG Interpretation in

Young Athletes: A Systematic Review and Meta-Analysis

Young athletes 12-35
IC17 used for
interpretation
Advanced testing for
abnormal ECGs

Studies Screened
(h=4215)

Studies Meeting
Inclusion Criteria

(n=33)

35,031 Athletes with

PPCS ECG Interpreted

Utilizing International
Criteria

Non-Overlapping
(n=29)

81% male
60% White; 14.5% Black

Nate
Moulson




RESULTS

IC17 applied in 35,031 athletes for the detection of cardiovascular conditions

associated with SCA /D demonstrates:

1. Low Total Abnormal ECG rate (2.6%)
Low False Positive Rate (2.3%)

High Specificity (97 %)

High Negative Predictive Value (99.9%)

A

Moderate Sensitivity (84%)



Association of Specific ECG Patterns with SCA/D Conditions in Young

Athletes: A Systematic Review

Studies Screened

r=4215 93,150

1) Young athletes 12-35

2) Advanced testing for abnormal ECGs Studies Mee’ring Inclusion A'I'h Iefe ECGS
3) Specific ECG abnormalities could be Criteria (n=126 -
linked to cardiovascular pathology ( ) 68.6% male; 24.8% female
Broad Screening Studies Specific ECG Pattern
(n=100) Studies (n=26)

Non-Overlapping (n=72)

Bradley
Petek



SCA/D Conditions

Valvular Heart Disease

Cardiomyopathies/Myocardial/Infiltrative

Hypertrophic cardiomyopathy (HCM)
Arrhythmogenic cardiomyopathy (ACM)
Dilated cardiomyopathy (DCM)
Cardiomyopathy not otherwise specified
Cardiac sarcoidosis

Glycogen storage disease with active myocardial involvement (e.g.

Danon disease)
Non-ischemic left ventricular scar*
Other cardiomyopathy /myocardial disease /infiltrative

Any severe valvular regurgitation

Any > moderate valvular stenosis

Mitral valve prolapse with high-risk features”
Bicuspid aortic valve with aortopathy

Coronary Artery Disease

Anomalous coronary arteries with high-risk course
> Moderate coronary artery aneurysm

Coronary vasculitis with active involvement
Atherosclerotic CAD with >70% stenosis

Arrhythmic Syndromes

Aortopathies

Wolff-Parkinson-White (WPW)*

Long QT Syndrome

Brugada Syndrome

Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT)
Idiopathic VT or VF

High degree AV block

Other arrhythmic syndrome

|diopathic dilated aortic root, ascending aorta, aortic arch,
descending aorta

Marfan’s syndrome

Loeys-Dietz syndrome

Vascular Ehlers-Danlos syndrome

Other Hereditary Aortopathy

Congenital Heart Disease

Any > moderate outflow tract obstruction
Great complexity congenital heart disease




Borderline Criteria

No Conditions Associated with SCA /D without Other Abnormal Findings

Definitions Complete Right Atrial Left Atrial Right Axis Left Axis > 2
RBBB Enlargement | Enlargement Deviation Deviation Borderline

Total (n) 249/50 750 21 7/33 554 399/40 718 405/43 928 378/49,629 43/16,430
(0.50% . (0.26%)
Total SCA/D 0/190 0/1 90 0/43
Conditions (n) (0%) (0%) (0.95%)) (0.54%) (0%)
Total SCA/D 2 HCM 1 HCM
Condition N/A N/A N/A (Q waves + N/A
Details RAD)
Incidental 1 Dilated severe AR
SCA/D N/A N/A Aortic Root N/A (isolated LAD) N/A

Conditions (Isolated LAE) 1 BAV w/ aorta
(isolated LAD)



Definitions

Abnormal TWI

Abnormal

STD

Pathologic Q
waves

Complete
LBBB

Non-specific
IVCD

Epsilon Wave

Total (n)

Total SCA/D

Conditions (n)

Total SCA/D

Condition
Details

Incidental
SCA/D
Conditions

1203/63,867 82/37,412 222/54,133
(1.88%) (0.22%) (0.41%)
41/1133 4/81 7/214
(3.62%) (4.94%) (3.27%)
Isolated TWI
17 HCM
5 ACM Isolated STD
5 Myocarditis T HCM solated G
2 LVNC 4 HCM
2 NILVS TWI+STD
| DX A lafCh TWI + Q waves
TWI + STD 2 HCM
5 HCM STD+long 1 LVNC
1 DCM QTc
TWI + Q waves 1 HCM
2 HCM
1 LVNC
1 Severe AR N/A 1 Dilated Aorta

17/51,430
(0.03%)

1/17
(5.88%)

1 Myocarditis

N/A

25/46,381
(0.05%)

0/25
(0%)

N/A

N/A

3/36,817
(0.008%)

1/3
(33.3%)

1 ACM

N/A



Improving the International Criteria:

An International Modified Delphi Study

Aim: To inform the 2025 update to the International Criteria

Round O
Aug 2024

Consensus:
Pre-defined as: Round 2
* Agreement: Agree + Strongly agree 270% May 2025

» Disagreement: Disagree + Strongly disagree =270%

85 Delphi panelists; 20 countries; 6 continents

©) O O ©)
Steering committee Delphi panel Interim analysis Delphi panel
Survey with open ended (n=85/96, 89%) Removed: questions (n=84/85, 99%)
guestions, emails, Anonymous survey: 58 reaching consensus, Round 2 + controlled
interviews, literature closed questions, 5- redundant questions. feedback on Round 1:
review. point Likert scale + Added: 10 new/ view own previous
Consensus predefined optional free text reworded questions. answers, group result,
at 270%. comments. anonymous comments.

The University of Sydney

Ethics approval: the University of Sydney HREC (Project No. 2024/HE001244)

Jessica
Orchard

O

Consensus

25 statements reached
consensus (21 agree; 4
disagree).

Several areas of
dissensus identified.



Summary of Delphi results
Informing IC25

Areas of dissensus Consensus

U;O Jul1 (ul-vs) in female - Single PVC with 2140ms duration OR 22 PVCs of any morphology

athletes: normal

EH_o)o

LQRSYV, defined as QRS amplitude of <Smm in all limb leads. Interpret
cautiously if BMI= 30

i “Black athlete Abnormal findings * Inferior TWI
XYY repolarisation variant”:
DR regame, normal in all « Complete RBBB with (a) QRS fragmentation in =2 precordial leads, (b)

left axis deviation, OR (c) QRS duration 2140ms

— * QRS fragmentation with [VCD =140ms
QTc: use of Fridericia

correction as an
alternative to Bazett

Normal findings  Left and right atrial enlargement

» Can be applied for athletes >35 years with additional considerations

Borderline (Yellow !\Jgrrr;it;()enal criteria for ischaemic heart disease
Box): remove, simplify « Cannot be applied for athletes <12 years
to normal/abnormal

Sl

* LQRSV: echocardiogram, stress ECG, consider cMRI

+ WPW: echocardiogram, referral to electrophysiologist to consider EP
Recommendation for Further evaluation study

inclusion of cMRI in . . .
evaluation of inferior * An athlete with abnormal ECG should be temporarily restricted under

TWI, deep TWI, ST- limited circumstances depending on abnormality/context
depression

Q&L
NIE







2017 International Criteria for ECG Interpretation in Athletes

dormal ECG Findings \

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by T
wave inversion V1-V4 in
black athletes

T wave inversion V1-V3 <
age 16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

1° AV block

Mobitz Type | 2° AV block

/
l

€

orderline ECG Findings
Left axis deviation
Left atrial enlargement
Right axis deviation
Right atrial enlargement
Complete RBBB

J

No further evaluation required

in asymptomatic athletes with no
family history of inherited cardiac

disease or SCD

Inisolation 7 % 2ormore

0
0
.
.
.
““
.
wes

/bnormal ECG Findings

~

T wave inversion

ST segment depression
Pathologic Q waves
Complete LBBB

QRS = 140 ms duration
Epsilon wave

Ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern
Profound sinus bradycardia
<30 bpm

PR interval 2 400 ms
Mobitz Type Il 2° AV block
3° AV block

>2 PVCs

Atrial tachyarrhythmias

Ventricular arrhythmias /

l

Further evaluation required

to investigate for pathologic
cardiovascular disorders associated
with SCD in athletes




2017 International Criteria for ECG Interpretation in Athletes

/Normal ECG Findings \

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by T
wave inversion V1-V4 in
black athletes

T wave inversion V1-V3 <
age 16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

1° AV block

Mobitz Type | 2° AV block

/
l

€

orderline ECG Findings

Left axis deviation

Left atrial enlargement
Right axis deviation
Right atrial enlargement

Complete RBBB

~

J

No further evaluation required

in asymptomatic athletes with no
family history of inherited cardiac

disease or SCD

nisolation

0
0
.
.
.
““
.
wes

% 2 ormore

/bnormal ECG Findings \

T wave inversion

ST segment depression
Pathologic Q waves
Complete LBBB

QRS > 140 ms duration

Ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern

PR interval =2 400 ms
Mobitz Type Il 2° AV block
3° AV block

>2 PVCs
Atrial tachyarrhythmias

Ventricular arrhythmias /

l

Further evaluation required

to investigate for pathologic
cardiovascular disorders associated
with SCD in athletes




2025 International Criteria for ECG Interpretation in Athletes

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 | 2° AV block

»  Ectopic atrial or junctional rhythm

*  Premature atrial contractions

* Incomplete or complete RBBB < 140 ms

* Non-specific IVCD < 140 ms

* Leftorright atrial enlargement

* Early repolarization/ST segment elevation

*  Juvenile TWIV1-V3 (< 16 years)

* Male athlete repolarization variant (J-point
and convex ST elevation followed by TWI
confined to V1-V4)

A 4

No further evaluation required

in asymptomatic athletes with no family
history of inherited cardiac disease or SCD

/ 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 PVCwith inferior axis

. Axis deviation

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

. IR
. .
. .
. .
. .
. .
. .~
. .
. .
. .
. .
. .~
. .
. .
. .
N
.
.
.

.
.
.
.
.
.
o
.
.
.
.
.
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.
.
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.
.
.
.
.
.
.
.
.

FURTHER EVALUATION

ECG findings that are associated with
conditions at risk for SCD

J 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 2140 ms

e 22 PVCsof any morphology

* 1 PVC with non-inferior axis or short-coupling

*  Ventricular pre-excitation

*  Prolonged QTc interval

* Brugada Type 1 pattern

* PRinterval=400 ms

*  Mobitz Type Il 2° AV block

* 3°AVblock

*  Atrial or ventricular tachyarrhythmias

!

.
e,
.
"
e
.
L
‘e
L
.
.
.
L
o
.
L

Further evaluation required
to investigate for pathologic cardiovascular
disorders associated with SCD in athletes




2025 International Criteria for ECG Interpretation in Athletes

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 | 2° AV block

»  Ectopic atrial or junctional rhythm

*  Premature atrial contractions

* Incomplete or complete RBBB < 140 ms

*  Non-specific IVCD <140 ms

* Leftorright 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)

A 4

No further evaluation required

in asymptomatic athletes with no family
history of inherited cardiac disease or SCD

/ 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

J Axis deviation

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

. IR
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FURTHER EVALUATION

ECG findings that are associated with
conditions at risk for SCD

o 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 2140 ms

* =2 PVCsof any morphology

* 1 PVC with non-inferior axis or short-coupling

* Ventricular pre-excitation

*  Prolonged QTc interval

* Brugada Type 1 pattern

* PRinterval=400 ms

*  Mobitz Type Il 2° AV block

* 3°AVblock

*  Atrial or ventricular tachyarrhythmias
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Further evaluation required
to investigate for pathologic cardiovascular
disorders associated with SCD in athletes




5-Steps to Accurate

ECG Interpretation In
Athletes



5-Steps to ECG Interpretation in Athletes

Where to look? What to look for?

1. Precordial (V1-V6) then limb leads Q waves, ST depression, T wave inversion
(aVF, aVL, Il, 1)

2. Precordial (V1-V6) then limb leads QRS morphology:

(aVF, aVvL, 11, 1) * Pre-excitation (delta wave; short PR)

e Left bundle branch block

e Conduction delay (QRS 2140 ms)

* Brugadatype 1

 Low QRS voltage (5 mminall 6 limb
leads)

3. Axis — limb leads | and Il QRS pos in | and Il (leftward to -30°)
QRS neg in | and aVR, pos in Il (rightward
to 1209)
LAD, RAD, or Northwest axis

4. Rhythm strip —lead Il or V5 QRS after every P wave
PVCs (non-inferior axis or short-coupling)

5. QT interval — lead Il or V5 QTc 2470 ms males or 2480 ms females




5-Steps to ECG Interpretation in Athletes




Definitions: Normal ECG Findings




Step-1: ECG Interpretation in Athletes
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Il
Where to look? What to look for?



Isolated Increased QRS Voltage
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ECG from a 19 year old asymptomatic soccer player demonstrating voltage criteria for LVH
(S-V1 + R-V5 > 35 mm). Note the absence of ST depression, T wave inversion, or pathologic
Q waves. Increased QRS amplitude without other ECG abnormalities is a common finding in

trained athletes and does not require additional testing.



Early Repolarization

e
i
i

ECG from a 29 year old asymptomatic soccer player demonstrating early
repolarization (J-point and ST elevation) in Il, lll, aVF, V4-V6 (arrows) and tall,
peaked T-waves (circles). These are common, training related findings in
athletes and do not require more evaluation.



Incomplete Right Bundle Branch Block
orSR’ pattern in lead V1 ¢QRS duration <120 ms



Juvenile T Wave Inversion
Age <16 yo; Independent of race; TWI in V1-V3; Does not extend to V4

O
O O
O O
13 yo Caucasian female 15 yo Asian female

No further evaluation needed
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Blaek Athlete Repolarization Variant

YR Wi W4 F\M‘@A
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ECG from a 24 year old asymptomatic black/African soccer player demonstrating J-point
elevation, convex (‘domed’) ST elevation followed by T wave inversion in leads V1-V4
(circles). This is a normal repolarization pattern in black/African athletes.




* Background:

* Anterior TWIis a recognized variant in

athletes of African/Afro Caribbean origin

e Study population:

80 healthy athletes (median age 21 years,
75% males, 66% black)

95 patients with HCM (median age 46 years,
75% males, 56% white)

58 patients with ARVC (median age 32 years,
71% males, 95% white)

Results:

In athletes with anterior TWI, the combination of
J-point elevation 21 mm and TWI not extending
beyond V4 excluded a cardiomyopathy, with
100% sensitivity and 55% specificity

J-point elevation <1 mm in anterior leads with TWI

was an independent predictor of disease: ARVC
(OR=569, P<0.001); HCM OR=227, P<0.001)

TWI extending beyond V4 was an independent
predictor of disease: ARVC (OR=6.0, P<0.03), HCM
(OR=331, P=0.001)



International cr iteria for electrocar diographic interpretation in at|

Anterior repolarisation variants in athletes:
new data from Qatar

Anterior TWI V2-4 with
upsloping STE

(isolated or with normal ECG findings):

65* /7,712 [0.9%]
(*visit one)

Sp—— No cardiac pathology
identified

Mathew

Wilson

Athletes from 151 countries



_ Exam STE aTWI ECG Other Follow up examination
Syp FH

Cardiomyopathy -ve E V2-4 Q wave, Lateral TWI cMRI: borderline 1 year FU
Cardiomyopathy -ve +ve -ve V3-4 Inferolateral TWI, STd cMRI: borderline 4 year FU
Cardiomyopathy -ve -ve +ve V2-4 Inferolaterlal TWI, STd cMRI: Abnormal 15t screen
Cardiomyopathy -ve -ve +ve V2-4 Inferolaterlal TWI, STd, long QTc | cMRI: Abnormal 15t screen
Cardiomyopathy (Known) -ve +ve -ve V2-4 Inferolaterlal TWI, STd Known HCM 15t screen
Channelopathy -ve -ve -ve V2-3 Long QTc Provocation 15t screen
Myocarditis -ve -ve -ve V2-3 Inferior TWI cMRI: Abnormal 15t screen
Myocarditis -ve -ve -ve V2-4 Inferolateral TWI cMRI: Abnormal 7 year FU
Myocarditis -ve -ve +ve V3-4 Inferolateral TWI cMRI: Abnormal 5 year FU
Valvular Disease -ve +ve +ve V3-4 N/A Echo: Abnormal 15t screen
Non-diagnostic but suspicious +ve +ve -ve V2-4 Inferolaterlal TWI cMRI: borderline 15t screen
of cardiomyopathy

Non-diagnostic but suspicious -ve -ve -ve V2-4 Inferolateral TWI, STd cMRI: borderline 2 year FU
of cardiomyopathy

Non-diagnostic but suspicious -ve -ve -ve V2-4 Inferolaterlal TWI, STd cMRI: Abnormal 15t screen
of cardiomyopathy

Non-diagnostic but suspicious -ve -ve -ve V2-4 Inferolateral TWI cMRI: borderline 3 year FU
of cardiomyopathy

Non diagnostic but suspicious -ve -ve -ve V3-4 Inferolateral TWI, STd cMRI: borderline 1 year FU
of cardiomyopathy




Anterior Repolarization Variants: New Data From Brazil

82 clubs Prevalence of TWI in Leads V1-V4
6,125 male football players (aged 15-35) 200+ 1.8%
1.75 |
: - 1.50}
2,496 White S}, 1.95 No cardiac pathology
o T identified
EJ 1.00 }
2,004 Mixed-race % 0.75
o (4)
£ 050} 0.4% 0.3%
0.25|
0.00 .
1,625 Black White Mixed-race
Ricardo
Stein

Ferrari, F... Stein R. Br J Sports Med. 2024;58:598-605.



Prevalence of Anterior TWI in Black Athletes from

Different Regions

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

29.3%
18 7%
12.7%
1.3% 1.8%
I
Kim et al. Ferrari et al. Papadakis et al. Pambo et al. llodibia et al.

2025 2024 2011 2021 2021



Prevalence of Anterior TWI in Non-Black Athletes

from Different Regions

1.00%

0.80%

No cardiac
0.48% pathology

0.60%

0.4%

0.40%

0.20%
0.007%

0.00%

Yeo et al. Ferrari et al. Kim et al.
2025 2024 2025



“Male Athlete Repolarization Variant”
Confined to Leads V1-V4

O O
O
O

ECG demonstrating J-point elevation and convex (‘domed’) ST segment elevation
followed by T wave inversion in V1-V4 (circles). This is a normal repolarization
pattern in male athletes regardless of race/ethnicity.



Female Athlete TWI V1-V3




Results
2025

4423 athletes (40% female; mean age,19.7 years)

Study population
Female Male

Total P-value

(n,%) (n,%)

s N =4,423

°°°°° Athletes with an
Hiphd 9 9 9
athletes A 74 (4.2%)| |69 (2.6%)| 143 (3.2%) 0.004
ﬁ ﬁ 40% female Isolated TWI,,,_5 27 (1.5%) 9 (0.3%) 36 (0.8%) <0.0001
T cno
60% male - Deep TWiy,., 4 (15%) 3 (33%) 7 (19%) 0.22
Mean age = Other abnormalities 47 (2.6%) 60 (2.3%) 107 (2.4%) 0.43
v = 19.7+4.5yrs
o ey Isolated TWI,, ; was the most common abnormal ECG finding
O%)O ;00/% endurance in female athlete screening ECGs.
o power
5% skill L : : :
oo No athletes with isolated TW1I,, ; were diagnosed with cardiac

3% Paralympic
disease, nor had a major cardiac event.



Malhotra 2017

14,000 young people (3,000 athletes)
screened with H&P, resting 12 lead ECG
Anterior TWI more common in women;
athletes

Athletes with isolated TWI,; 5

- 1.7% female vs 0.3% male, ViVan =15
— /
p=0.0001 <, F
Comprehensive clinical evaluation, no UptoV, n=4

diagnoses of cardiomyopathy ViVsin=7

Mean follow-up 2 years




Definitions: Abnormal ECG Findings




Inferolateral T Wave Inversion and ST Depression

Abnormal ECG in a patient with hypertrophic cardiomyopathy. Note T wave
inversion and ST segment depression in the inferolateral leads (arrows).



nferolateral T Wave Inversion and ST Depression
' i h J-; VR i J V2 K/
e, ﬁﬂ-ﬂ—uwm'l! e P T = e r\,& Jrf =~ 7
;| Evaluation of inferolateral TWI
{ Additional testing to rule out cardiomyopathy ; /
i1e Echo ll, SN Vi
|* Cardiac MRI
{1 * Holter + stress testing for ‘grey zone’ findings
1 ! |
| [ al Bl M AM A HHPES L P | Pal A ﬂ
e = A =T " o -y = e

i | Ir

Abnormal ECG from a patient with hypertrophic cardiomyopathy. Note T wave
inversions in |, aVL, V4-V6, Il and aVF (red arrows), as well as ST segment
depression in V4-V5 (black arrows).




Lateral T Wave Inversion
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Markedly abnormal ECG showing TWI 22 mm in V4-V6. Note that the ST
ping.

segment preceding TWI in V4-6 is flat or downslo






Evaluation of Lateral or Inferolateral TWI

* Comprehensive evaluation to
r/o cardiomyopathy

* Echocardiogram

e Cardiac MRI should be a
routine diagnostic test for
this ECG phenotype

Apical HCM, DCM, LVNC, AC with LV

involvement, non-ischemic LV scar

* 24 hour ECG monitor + stress Apical HCM

testing for ‘grey zone’ findings




Differences in LVH patterns between athletes with HCM and sedentary HCM patients.

/ Circ
Cardiovasc

Imaging
2015




Long-term Follow-up of Athletes with

Markedly Abnormal ECGs
Pelliccia; NEJM 2008

Study Group;
Normal Cardiac Imaging 81

9-year Follow-up

No Symptoms;
No CV disease

70

1 Sudden Death,
1 Cardiac Arrest

Cardiomyopathies
(HCM 3; ARVC 1, DCM 1)

6

Other CV Disease



Serial Follow-up
19 yo African-American male, college basketball player

A

September 2008
Echo and CMR
non-diagnostic

September 2010
CMR apical
hypertrophy 20 mm
with +LGE



Cardiac MRI Comparison

Midventricular Short Axis Views

mm

Sept 2010

Hypertrophy of interventricular septum over 2 years

Yearly repeat of ECG and cardiac imaging indicated for
athletes with pathological lateral or inferolateral TWI
and initial normal imaging studies.




Anterior T Wave Inversion

/ /

21 yo Caucasian male with ECG demonstrating anterior T wave inversion (V1-V4)
preceded by a non-elevated J-point and ST segment. Delayed S wave upstroke (>
55 ms) in V2 and low voltage (<5 mm) QRS complexes in limb leads | and aVL
suggest possible ARVC.



Anterior T Wave Inversion

/

Evaluation of Anterior TWI
The extent of investigation may vary based on clinical
suspicion for ARVC and results from initial testing.

* Echo

e Cardiac MRI

* Exercise ECG test

* Minimum 24 hour ECG monitor

* Signal averaged ECG

O O O

ECG from a patient with ARVC. Note pathological TWI in V1-V3 (arrows)
preceded by a flat or downsloping ST segment and without J-point elevation.
PVCs also present (circles).



Approach to Anterior T Wave Inversion in Athletes

TWIinV1-V2

Normal in any athlete

Juvenile (age
<16) TWI V1-V3

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

Male Athlete
Repolarization
Variant V1-V4

J-point elevation
(Z1mm) and convex ST
elevation followed by
TWI confined to V1-V4

Female Athlete
TWIV1-V3

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

™ == J‘./L
U 'd V4
l
-
a2 i s A )
| o
| | |
: U

No further evaluation
needed

No further evaluation
needed

Normal regardless of
race/ethnicity

No further evaluation
needed

Two or more ‘yellow
box’ findings, any ‘red
box’ finding, or clinical

concerns?

Co-existing ECG
abnormalities?

S wave in V2 >55 msec
Epsilon wave

PVCs

LQRSV

Inferior or lateral TWI

Further evaluation




Inferior T Wave Inversion

O

o O

ECG demonstrates TWI in the inferior leads Il and aVF.



Normal o
O

. O :

Evaluation of Inferolateral TWI

Additional testing to rule out cardiomyopathy

* Echo

e Cardiac MRI

* Holter + stress testing for ‘grey zone’ findings

* If initial studies are non-diagnostic = serial (annual) follow-up with ECG +
Echo (at minimum); cardiac MRI for changes in ECG or Echo




Pathologic Q Waves
Q/R ratio > 0.25 or Q wave > 40 ms in duration

O\

ECG of a young patient with dilated cardiomyopathy. Note inferior Q waves (Il and aVF), poor
R wave progression across the precordial leads with deep S waves in V1-V3, and a single
premature ventricular complex (arrow). High degree AV block is also present.



Q waves V1-V2 = Normal

'
'



5-Steps to ECG Interpretation in Athletes

Where to look? What to look for?

1. Precordial (V1-V6) then limb leads Q waves, ST depression, T wave inversion
(aVF, aVL, Il, 1)

2. Precordial (V1-V6) then limb leads QRS morphology:

(aVF, aVvL, 11, 1) * Pre-excitation (delta wave; short PR)

e Left bundle branch block

e Conduction delay (QRS 2140 ms)

* Brugadatype 1

 Low QRS voltage (5 mminall 6 limb
leads)

3. Axis — limb leads | and Il QRS pos in | and Il (leftward to -30°)
QRS neg in | and aVR, pos in Il (rightward
to 1209)
LAD, RAD, or Northwest axis

4. Rhythm strip —lead Il or V5 QRS after every P wave
PVCs (non-inferior axis or short-coupling)

5. QT interval — lead Il or V5 QTc 2470 ms males or 2480 ms females




Step-2: ECG Interpretation in Athletes

%

;

Where to look? What to look for?

2. Precordial (V1-V6) then limb leads QRS morphology: pre-excitation, LBBB,
(aVF, aVvL, Il, 1) conduction delay, Brugada type 1, LQRSV



Complete Right Bundle Branch Block
RI
/

RBBB <140 ms = Normal ECG

S wave
V6

19 yo Caucasian male athlete with complete RBBB. The QRS duration is 2120 ms with rSR’

pattern in V1 and S wave wider than R wave in V6.

When found in isolation without other borderline or abnormal findings, and without other

clinical markers of concern, complete RBBB does not require more investigation.




Complete RBBB with QRS Duration = 140 ms = ABNORMAL

AR

Abnormal ECG
Echocardiogram recommended for
further evaluation.

S wave
V6

ECG showing complete RBBB with a QRS duration of 144 ms. Any conduction

delay with QRS duration > 140 ms requires further evaluation.




2025 International Criteria for ECG Interpretation in Athletes

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 | 2° AV block

»  Ectopic atrial or junctional rhythm

*  Premature atrial contractions

* Incomplete or complete RBBB < 140 ms

* Non-specific IVCD < 140 ms

* Leftorright atrial enlargement

* Early repolarization/ST segment elevation

*  Juvenile TWIV1-V3 (< 16 years)

* Male athlete repolarization variant (J-point
and convex ST elevation followed by TWI
confined to V1-V4)

A 4

No further evaluation required

in asymptomatic athletes with no family
history of inherited cardiac disease or SCD

/ 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 PVCwith inferior axis

. Axis deviation

Are there = 2 ‘yellow box’ findings or
concerning personal or family history?
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FURTHER EVALUATION

ECG findings that are associated with
conditions at risk for SCD

J 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 2140 ms

e 22 PVCsof any morphology

* 1 PVC with non-inferior axis or short-coupling

*  Ventricular pre-excitation

*  Prolonged QTc interval

* Brugada Type 1 pattern

* PRinterval=400 ms

*  Mobitz Type Il 2° AV block

* 3°AVblock

*  Atrial or ventricular tachyarrhythmias
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Further evaluation required
to investigate for pathologic cardiovascular
disorders associated with SCD in athletes







Non-ischemic LV scar

I

LQRSV Arrhythmogenic Cardiomyopathy
| i I

it v2 V




LQRSV



Pre-excitation / WPW

N N
\ N
/
Delta wave
N
\ \

ECG demonstrating the classic findings of Wolff-Parkinson-White pattern
with a short PR interval (< 120 ms), delta wave (slurred QRS upstroke),
and prolonged QRS (> 120 ms).



Ventricular Pre-excitation / Wolff Parkinson White
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WPW classic findings:
e Short PR <120 ms
* Delta wave
 Wide QRS >120 ms
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WPW additional findings:

e Large Q wave lead Il

* Lack of Q wave in V6

* ST segment depression (not shown)




Step-4: ECG Interpretation in Athletes
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Where to look? What to look for?

4. Rhythm strip QRS after every P wave; PVCs




Premature Ventricular Contractions (PVCs)



BJSM 2019

Table 2 Morphology and characteristics of premature ventricular beats that may be encountered in clinical practice

Pattern QRS morphology Origin of ectopic beat Comment

Common patterns in athletes

Infundibular  LBBB with late precordial transition (R/  Right ventricular outflow tract. Usually benign.
S=1 after V3) and inferior axis.

LBBB and inferior axis but with small Left ventricular outflow tract. Usually benign.
R-waves in V1 and early precordial
transition (R/S=1 by V2 or V3).

Fascicular Typical RBBB with superior axis and QRS Left posterior fascicle of the left bundle branch. Usually benign.
<130 ms.
Typical RBBB with inferior axis and QRS  Left anterior fascicle of the left bundle branch. Usually benign.
<130 ms.

Uncommon patterns in athletes
Atypical RBBB and QRS =130 ms. Mitral valve annulus, papillary muscles or left ventricle. May be associated with myocardial disease.

LBBB with superior or intermediate axis. Right ventricular free wall or interventricular septum. ~ May be associated with myocardial disease.




PVCs: LBBB with inferior axis (RVOT)



PVCs: LBBB with superior axis (RV free wall?)



PVCs with broad LBBB morphology and superior axis




Step-5: ECG Interpretation in Athletes
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Where to look? What to look for?

5. QT interval — lead Il or V5 QTc 2470 ms males or 2480 ms females



Long QT Syndrome?

Normal ECG
* QTcis normal
* Don’tinclude the U wave in anterior precordial leads!
* “Teach-the-tangent” or “Avoid-the-tail” method for
manual measurement of the QT interval

No further
evaluation
needed




‘F‘;:_c o

This figure illustrates the “Teach-the-Tangent” or “Avoid-the-Tail” method for manual
measurement of the QT interval. A straight line is drawn on the downslope of the T wave to
the point of intersection with the isoelectric line. The U wave is not included.

e Bazett’s formula: QTc = QT/VRR

* Inaccurate at heart rates <50 or > 90 bpm
e QT interval will equal the QTc at a heart rate of 60 bpm

* Use lead Il or V5 where the end of the T wave is readily delineated
* Abnormal QTc is considered 2470 ms in males and 2480 ms in females



Normal or Abnormal?

14 yo Caucasian female elite soccer player



QT

Abnormal
‘notched’ T Wave
morphology
suggests LQT-2

Average QT
interval ~500 ms






https://uwsportscardiology.org/e-academy/
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ECG INTERPRETATION IN ATHLETES
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2025 International Criteria for ECG Interpretation in Athletes

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 | 2° AV block

»  Ectopic atrial or junctional rhythm

*  Premature atrial contractions

* Incomplete or complete RBBB < 140 ms

* Non-specific IVCD < 140 ms

* Leftorright atrial enlargement

* Early repolarization/ST segment elevation

*  Juvenile TWIV1-V3 (< 16 years)

* Male athlete repolarization variant (J-point
and convex ST elevation followed by TWI
confined to V1-V4)

A 4

No further evaluation required

in asymptomatic athletes with no family
history of inherited cardiac disease or SCD

/ 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?
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FURTHER EVALUATION

ECG findings that are associated with
conditions at risk for SCD

J 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 2140 ms

e 22 PVCsof any morphology

* 1 PVC with non-inferior axis or short-coupling

*  Ventricular pre-excitation

*  Prolonged QTc interval

* Brugada Type 1 pattern

* PRinterval=400 ms

*  Mobitz Type Il 2° AV block

* 3°AVblock

*  Atrial or ventricular tachyarrhythmias
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Further evaluation required
to investigate for pathologic cardiovascular
disorders associated with SCD in athletes




18 y.o. F Elite Football Player — Screening ECG (Echo / CMR normal)
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2025 International Criteria for ECG Interpretation in Athletes

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 | 2° AV block

»  Ectopic atrial or junctional rhythm

*  Premature atrial contractions

* Incomplete or complete RBBB < 140 ms

* Non-specific IVCD < 140 ms

* Leftorright atrial enlargement

* Early repolarization/ST segment elevation

*  Juvenile TWIV1-V3 (< 16 years)

* Male athlete repolarization variant (J-point
and convex ST elevation followed by TWI
confined to V1-V4)

A 4

No further evaluation required

in asymptomatic athletes with no family
history of inherited cardiac disease or SCD

/ 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 PVCwith inferior axis

. Axis deviation

Are there = 2 ‘yellow box’ findings or
concerning personal or family history?
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FURTHER EVALUATION

ECG findings that are associated with
conditions at risk for SCD
*  Anterior TWI (excluding green and yellow box

patterns)
e ST segment depression

e Complete LBBB

* Complete RBBB or IVCD 2140 ms

e 22 PVCsof any morphology

. or short-coupling
*  Ventricular pre-excitation

* Prolonged QTc interval

* Brugada Type 1 pattern

* PRinterval=400 ms

*  Mobitz Type Il 2° AV block

* 3°AVblock

*  Atrial or ventricular tachyarrhythmias

!

.
e,
.
"
e
.
L
‘e
L
.
.
.
L
o
.
L

Further evaluation required
to investigate for pathologic cardiovascular
disorders associated with SCD in athletes




Inferolateral TWI and ST depression



Pathological Q waves

O O



23 yo M with ARVC

| |

| TWI'V2-V3, aVF

Single PVC with LBBB/superior axis




Comparing the 2017 and 2025 International Criteria for ECG
interpretation in athletes: Performance in over 32,000 young
individuals

M. Jake Petersen MD

UNIVERSITY of WASHINGTON



RESULTS — Total Abnormal Rate

Total Total Absolute 95% Confidence P-value
Abnormal Abnormal Reduction Interval
Rate 2017 Rate 2025

- 0.35% to -0.65%

IC25 resulted in a 24% relative
reduction in the abnormal
rate compared to IC17

UNIVERSITY of WASHINGTON






SUMMARY

* Updates to the International Criteria followed a rigorous scientific
process aimed to carefully improve detection of conditions at risk of
SCA and lower the false-positive rate

« Key changes:

Female athlete TWI V1-V3
Inferior TWI
LQRSV




TAKE HOME POINTS

1. Follow the International Criteria and consider “5-steps” for
accurate ECG interpretation and the secondary evaluation of ECG

abnormalities

2. Lateral or inferolateral TWI requires a contrast-enhanced cardiac
MRI

3. Serial cardiac imaging is required for athletes with markedly
abnormal ECGs and normal cardiac imaging

4. ECG interpretation is a core skill for sports medicine physicians
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SPORTS CARDIOLOGY

UW Medicine

Thank You

jdrezner@uw.edu
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