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Athlete’s EKG
Vagotonia

Sinus bradycardia
Sinus arrhythmia
First degree AVB
ST-elevation
Tall T waves

Increased chamber size

Left ventricular hypertrophy
Incomplete RBBB
Left atrial enlargement
Right atrial enlargement





This is an EKG from a 23 year old asymptomatic rower.   Physical 

examination normal. BP 110/70 mm Hg.  How would you interpret this EKG.



Message 1

Isolated Sokolow-Lyon voltage criterion for LVH 
is common in male athletes and does not 
warrant further investigation.



SV1 + RV6 > 3.5 mV = LVH

Incomplete RBBB

SV1

RV6

Right axis deviation

ER

Sinus bradycardia 45 bpm



This is an EKG from an asymptomatic cyclist. What would you do next?



This athlete is asymptomatic.  What would you do next? 



This soccer player has experienced transient dizziness on two occasions 

after a hard game a football. He has never lost consciousness. There is 

no relevant family history.  Physical examination and echocardiography 

were normal. 



Early Repolarisation Pattern



Early Repolarisation in Athletes





2-6% in general population

ERP in the inferior or lateral 
leads identified in 31% of 
cases with aborted idiopathic 
VF (Haisuguerre NEJM 2008)

J-point elevation > 0.2 mV in 
the inferior leads increased 
risk almost 3-fold (Tikannen  NEJM 

2009)

Deaths occurred in those with 
horizontal or depressed ST 
segments 

EARLY REPOLARISATION
PATTERN



Common in:

Male athletes

Black athletes

Endurance athletes

Athletes with voltage 

criterion for LVH



V4

V5

V6

40%

ER Pattern in Black Athletes



Message 2

The early repolarisation pattern accompanied 
by concave ST segment elevation is identified 
in 25-40% of highly trained athletes.

More common in males, black athletes and 
those with sinus bradycardia. 





This is the EKG from an asymptomatic 15 year old tennis player.  

Echocardiography is normal.  Would you perform any further 

investigations at this time?



Age < 14 years 

8.4-9.3%

Age ≥ 14 years

1.4%

Age > 16

0.2% beyond V2

Juvenile ECG Pattern  (T Wave Inversions in 

Leads V1-V4 in Caucasian athletes



Message 3

The juvenile ECG pattern (T wave inversion in 
leads V1-V3) is acceptable up to age 16 years 
old. 

T wave inversion beyond V2 after age 16 
warrants further assessment in Caucasian 
athletes.



EKG from an Asymptomatic Black Soccer Player. 

Normal or abnormal?



Black athlete’s EKG





Marked Repolarisation Changes



V1

V2

V3

Anterior Precordial ECG Changes in Black 
Athletes



Impact of  Detraining on Repolarisation Changes

During peak season Off season



Message 4

T wave inversions in leads V1-V4 are present in 
12-13% of black athletes are usually preceded 
by convex ST segment elevation.



EKG from an asymptomatic black athlete.  

Echocardiography was normal.  Are any further 

investigations required?



Message 5

T wave inversion in contiguous inferior leads or 
lateral leads warrant investigation in all 
athletes.



T-Wave 
Inversion

Juvenile EKG 
pattern

Black athletes

Long standing 
endurance 

athlete

Cardiomyopathy

Anabolic drug 
abuse

Interpretation of  T Wave Inversion in Athletes



This is the ECG of a 21 year old white asymptomatic 

athlete.  Is this normal?



Calore et al. EHJ. 2015;  



Athlete with ARVC



EKG in a Caucasian athlete.   Normal or abnormal? 



Inferolateral TWI with downsloping ST segments in II, III, aVf and V6



This is the ECG of a 24 year old asymptomatic black 

basket ball player.  Echocardiography reported as 

normal. Are any further investigations required at this 

time?



Message 6

T wave inversion preceded by ST segment 
depression is suggestive of underlying 
pathology.

ST segment depression should always be 
considered abnormal.





What is a Pathological Q Wave?



Pathological Q Waves in I, aVl, V5,V6



Pathological Q Waves



Message 7

A pathological q wave (depth exceeds 25% of 
the height of the proceeding R wave) is 
abnormal.



53% of all Group 
2 anomalies



Left axis deviation



Left Atrial Enlargement



Isolated voltage criterion for right 
atrial enlargement



2533 athletes and  9997 non athletes (14-35 years old)

Axis deviation or atrial enlargement in isolation comprised 42.6% of 

all Group  2 changes in athletes.

These anomalies were more common in athletes (5.5% vs 4.4%)

579 individuals with these anomalies were tested and none showed 

sinister cardiac disease.

Exclusion resulted in a sensitivity of 89.5% and a specificity of 94%



Sokolow-Lyon Voltage Criteria for RVH

Sum of R in V1 + S in V5 (or 

V6) ≥10 mm 



627 athletes and 241 controls

RVH criteria in 11.8%  ( 1 in 8) athletes and 6.2% 

controls

RVH plus RAD present in 8.1% athletes and 0.2% of 

controls

None revealed right ventricular pathology



Message 8

The presence of any one of left axis deviation, 
right axis deviation, voltage criterion for left 
atrial enlargement, voltage criterion for right 
atrial enlargement and voltage criterion for 
right ventricular hypertrophy in isolation or 
with other Group 1 changes does not warrant 
investigation in asymptomatic athletes with 
normal physical examination.





Complete Right Bundle Branch Block



30 year old cyclist had an routine EKG.  Are further 

investigations required? 



Message 9

LBBB always warrants investigation.

The significance of RBBB is less clear but I 
would recommend echocardiography.





This 15 year old boy experienced a bout of dizziness and 

near collapse just before a game of football.  What is the 

abnormality?



Calculation of the QT interval

QTc = QT/√RR QTc = 640/√1.22   = 584 msec

640 msec

R       1.22 sec      R       



Problems with Measuring QT 
Interval in Athletes

Slow HR

Sinus arrhythmia

Slightly wide QRS complexes

T-U complexes

Prevalence of Long 
QT in general 
population 
1 in 2000 

Prevalence of Long 
QT in athletes is 1 in 
125 to 1 in 250



Long QT or normal?



QT Interval Measurement



Prolonged QT interval



6%



QTc = QT/RR

QT Interval Measurement

ABNORMAL (AHA)

QTc > 470 in males

QTc > 480 in females

ABNORMAL (ESC)

QTc > 440 in males

QTc > 460 in females



Long QT interval

T wave notching



Diagnosis based on a long QTc in the

context of at least 1 of the following:

1. Unheralded Syncope

2. Torsades de pointes

3. Identification of a long QTc in first degree relatives

4. Family history of SADS

5. Notched T waves

6. Paradoxical QT prolongation with exercise 

Diagnosis of LQTS in an athlete with QT 
interval 460-490 msec



Paradoxical prolongation of the QT



Message 10

A QTc > 470 in males or > 480 in females is 
abnormal especially

If there is T wave notching 

OR 

Paradoxical prolongation of the QT interval 
with exercise





Brugada EKG Pattern



Message 11

Type 1 Brugada EKG pattern is abnormal.

Type 2 Brugada EKG pattern is non specific.  
Repeat ECG with V1 and V2 in higher 
intercostal leads.  If there is no evidence of 
type 1 Brugada EKG, no further assessment 
required UNLESS there is a history of syncope 
or relevant family history.



Investigation of  Type 2 Brugada Pattern

?Symptoms
?Family history

?Type 1 pattern in V1 and V2 in 2nd inter-costal leads

NO
Leave well alone

YES
Provocation test



V1

V2

V3

Anterior Precordial ECG Changes in Black 
Athletes



STJ

Brugada type A

STJ: ST 80 > 1

Athlete’s Heart

STJ: ST 80 < 1

ST80

Athlete versus Brugada EKG



This is an EKG from an asymptomatic 24 year old 

basket ball player.  Is further investigation 

required?



Wolff Parkinson White ECG 







Sensitivity and Specificity: ESC v Seattle v Refined
Parameter Black athletes White athletes

ESC  Seattle Refined ESC Seattle  Refined
ALL DISEASE

Sensitivity (%) 70 70 70 60 60        60

Specificity (%) 40.3 79.3 84.2 73.8 92.1    94.1    

SERIOUS DISEASE ONLY

Sensitivity (%) 100        100 100 100     100      100

Specificity (%) 40.1       79.3       84.2   73.1    92.1    93.9


