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ESC classification of ECG abnormalities in athletes

Group 1 (training-related)

Group 2 (training unrelated)

Sinus bradycardia
First-degree AV block
Incomplete RBBB
Early repolarization

Isolated QRS voltage criteria for LVH

T-wave inversions
ST-segment depression
Pathological Q-waves

Left atrial enlargement

Right atrial enlargement
Left-axis deviation
Right-axis deviation

Right ventricular hypertrophy

Ventricular pre-excitation
Complele LEBB or RBEB
Long-QT or short-QT interval

Brugada-like early repolarization

European Heart Journal 2010;31:243-259




Electrocardiographic interpretation in athletes:
the ‘Seattle Criteria’
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Sinus bradycardia (> 30 bpm)

Sinus arrhythmia

Ectopic atrial rhythm

Junctional escape rhythm

1° AV block (PR interval > 200 ms)

Mobitz Type | (Wenckebach) 2° AV block

Incomplete RBBB

Isolated QRS voltage criteria for LVH

» Except: QRS voltage criteria for LVH occurring with

any non-voltage criteria for LVH such as left atrial
enlargement, left axis deviation, ST segment
depression, T-wave inversion or pathological
Q waves

Early repolarisation (ST elevation, J-point elevation, J-waves

or terminal QRS slurring)

. Convex (‘domed’) ST segment elevation combined with

T-wave inversion in leads V1-V4 in black/African athletes

Br J Sports Med 2013;47:122—-124



Abnormal ECG finding Definition

T-wave inversion >1 mm in depth in two or more leads V2-V6, Il
and aVF, or | and aVL {excludes Ill, aVR and V1)

ST segment depression >0.5 mm in depth in two or more lzads

Pathclogic Q waves =3 mm in depth cr =40 ms in duration in two or
mare leads (except for Il and aVR)

Complete left bundle QRS =120 ms, predominantly negative QRS

branch block complex in lead V1 (QS or rS5), and upright
monophasic R wave in leads | and V6

Intraventricular conduction  Any QRS duration =140 ms

delay

Left axis deviation —30° to —90°

Left atrial enlargement Prolonged P wave duration of =120 ms in lzads |
or Il with negative portion of the P wave =1 mm in
depth and =40 ms in duration in lead V1

Right ventricular R—V1+5—V5=10.5 mm AND right axis deviation

hypertrophy pattern =120°

Ventricular pre-excitation PR interval <120 ms with a delta wave (slurred
upstroke in the QRS complex) and wide QRS
(=120 ms)

Long QT interval® QTc=470 ms (male)

QTc=>480 ms (female)

QTc=500 ms (marked QT prolongation)
Short QT interval® QTc<320 ms

Brugada-like ECG pattern High take-off and downsloping ST segment
elevation followed by a negative T wave in =2
leads in V1-V3

Profound sinus bradycardia <30 BPM or sinus pauses > 3 s

Atrial tachyarrhythmias Supraventricular tachycardia, atrial-fibrillation,
atrial-flutter

Premature ventricular =2 PVCs per 10 s tracing
contractions

Ventricular arrhythmias Couplets, triplets and non-sustained ventricular
tachycardia

Br J Sports Med 2013;47:122-124




Abnarmal ECG finding Definition

T-wave inversion >1 mm in depth in two or more leads V2-V6, Il
and aVF, or | and aVL {excludes Ill, aVR and V1)

ST segment depression >0.5 mm in depth in two or more lzads

Pathclogic Q waves =3 mm in depth cr =40 ms in duration in two or
mare leads (except for Il and aVR)

Complete left bundle QRS =120 ms, predominantly negative QRS

branch block complex in lead V1 (QS or rS5), and upright
monophasic R wave in leads | and V6

Intraventricular conduction  Any QRS duration =140 ms

delay

Left axis deviation -30° to -90°

Left atrial enlargement Prolonged P wave duration of >120 ms in leads |

or |l with negative portion of the P wave >1 mm in
depth and >40 ms in duration in lead V1

Q'ciSﬂO ms fmarked QT prolongation)
Short QT interval® QTc<320 ms

Brugada-like ECG pattern High take-off and downsloping ST segment
elevation followed by a negative T wave in =2
leads in V1-V3

Profound sinus bradycardia <30 BPM or sinus pauses > 3 s

Atrial tachyarrhythmias Supraventricular tachycardia, atrial-fibrillation,
atrial-flutter

Premature ventricular =2 PVCs per 10 s tracing
contractions

Ventricular arrhythmias Couplets, triplets and non-sustained ventricular
tachycardia

Br J Sports Med 2013;47:122-124




Comparison of Electrocardiographic Criteria for the
Detection of Cardiac Abnormalities in Elite Black and
White Athletes
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Refined Criteria Training Related Normal Variants  Refined Criteria Borderline Variants Refined Criteria Training Unrelated Changes
Not Warranting Further Investigation* Potentially Warranting Further Investigation Warranting Further Investigation

» ST-segment depression
* Pathological Q-waves

e Sinus bradycardia o Left atrial enlargement * Ventricular pre-?xcitatio n
* First-degree AV block *Right atrial enlargement LU TR LD 25
eIncomplete RBBB o Left axis deviation beyond V4 in BAs

* Early repolarisation * Right axis deviation ¢ Complete lB?B or RBBB
* Isolated QRS voltage * Right ventricular hypertrophy LI e el

criteria for LVH « TWI up to V4 in BAs+ 2480 ms in females
¢ Brugada-like ER

¢ Atrial or vent. arrhythmias
» 22 PV/Cs per 10 sec tracing

Circulation. 2014;129:1637-1649




The number of positive ECGs produced by the 3 different ECG screening criteria.

m White Athletes
m Black Athletes

Athletes with
Hypertrophic
Cardiomyopathy*
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Black Athletes ESC
m Black Athletes RC
White Athletes ESC

B White Athletes RC

T-wave inversions Right ventricular Left atrial Right atrial Long QTc Left axis deviation  Right axis deviation
hypertrophy enlargement enlargement

ECG Abnormalities by European Society of Cardiology (ESC) Recommendations and Refined Criteria (RC)

Circulation. 2014;129:1637-1649



Prevalence of abnormal electrocardiograms in a large,
unselected population undergoing pre-participation
cardiovascular screening
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Mandatory Electrocardiographic Screening of
Athletes to Reduce Their Risk for Sudden Death
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Table 1 Prevalence of ECG abnormalities in an unselected
bopulation of 32 652 young individuals undergoing the
Dre-participation cardiovascular screening

CG abnormalities Athletes,

Negative T-waves in precordial/standard leads
RBBB

Increased R/S wave voltages (suggestive of LVH)
_eft anterior fascicular block

“re-excitation pattemn 42 (0.1)

_BBB 19 (0.1)

Prolonged corrected QT interval 1 (0.003)

Others (incomplete RBEB, prolonged PR interval, 2280 (7.0)
early repolarization pattern)

Total > 3853 (11.8)

European Heart Journal 2007;28: 2006—2010




