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Should be the electrocardiogram required in young 
athletes?

Chaitman B

Lancet 2008;371:1489-90

Electrocardiographic screening in athletes: the 

time is now for universal screening.

Papadakis M, Sharma S.

Controversies relating to pre-participation 

cardiovascular screening in young athletes: Time 

for a realistic solution?

Papadakis M, Chandra N, Sharma S.



Incremental 

cost $ 89 per 

athlete
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Uncommon and training-

unrelated ECG changes

• T-wave inversion

• ST segment depression 

• Pathological Q waves

• Left atrial enlargement 

• Left axis deviation/left anterior 

hemiblock

• Right axis deviation/left posterior 

hemiblock

• Right ventricular hypertrophy 

• Ventricular pre-excitation

• Complete LBBB or RBBB

• Long or short QT interval

• Brugada like early repolarization

Common and training-related 

ECG changes

• Sinus bradycardia

• First degree AV block

• Incomplete RBBB 

• Early repolarization

• Isolated QRS voltage criteria for 

LVH



Prevalence of ECG changes in relation to age 
and level of achievement of athletes

Adult Elite 
Athletes

(n = 1,005)
Pelliccia et al

Circulation 2000

Amateur 
Athletes

(n = 32,652)
Pelliccia et al.

Eur Heart J 2007

Junior Elite 
Athletes

(n = 1,000)
Sharma et al.

BJSM 1999

Incomplete RBBB, PR 

interval > 0.20, early 

repolarization

34 % 7 %
29%, 5%, 43% 

respectively

Increased R/S wave 
voltages (LVH) 40 % 0.8 % 45 %

RBBB 0.2% 1% 0.6%

T wave inversion 2.7 % 2.3 % 4 %



ECG abnormalities are
present in up to 95 % of
HCM patients and > 80% of
ARVC patients.





1710
Adolescent 

Athletes
Sedentary 
Adolescents

67
(4%)

T-wave 
inversion

1643
(96%)

Without T-wave 
inversion

25 (1.5%)
T-wave inv. 

Inf. ± lat.

42 (2.5%)
T-wave inv. 
Ant. (V1-V4)

400

12
(3%)

T-wave 
inversion

388
(97%)

Without T-wave 
inversion

0
T-wave inv.

Inf. ± lat

12 (3%)
T-wave inv.
Ant. (V1-V4)

Papadakis et al. Eur Heart J. 2009;30:1728-1735

400

14
(0.8%)

DeepT-wave 
inversion

0
Deep T-wave 

inversion



Athletes with T-wave 

inversion in anterior 

precordial leads 
42

1329
T-wave inversion 

confined in V1-V2
T-wave inversion 

extending beyond V2

11

Aged < 16 years old

2

Aged  16 years old

Papadakis et al. Eur Heart J. 2009;30:1728-1735



Adolescent 

Atheletes
Sedentary 

Adolescents

12
(3%)

T-wave 
inversion

Papadakis et al. Eur Heart J. 2009;30:1728-1735

NO 
HCM or ARVC

Exercise Test

Holter monitoring

CMR with late enhancement 

67
(4%)

T-wave 
inversion



Repolarization abnormalities in 

adolescent athletes

• Repolarization abnormalities in anterior

precordial leads probably represent ECG

juvenile pattern in athletes < 16 years.

• Deep T wave inversion, repolarization

abnormalities in inferior and/or lateral leads

and repolarization abnormalities beyond V2

in athletes  16 years require further

investigations to exclude cardiomyopathies.





Very few data on adolescents who 

approach to sport activities!



STUDY POPULATION

Subjects: 994 adolescent amateur athletes 

evaluated for competitive sport 

Age: 14 ± 2 years (median 14; range 12-18)

Gender: 784 males (79%), 210 females (21%)

Training: 5  1.5 hours/week

Sports: 36 different sport disciplines, mostly 

soccer (37%), fencing (10%), tennis 

(6%), basketball (5%), track & field 

(5%), rowing (3%), rugby (3%)



Total ECGs

NORMAL 
ECG PATTERN

ECG
CHANGES

994

774
(78%)

220
(22%)

575
(58%)

199
(20%)

Training Related
ECG changes

Training unrelated
ECG changes

Evaluated according to  

the ESC 

reccomendations



Electrocardiographic findings in 994 adolescent athletes

Training related ECG changes

• Sinus bradycardia        21%

• Incomplete RBBB         31%

• Sokolow Lyon (LVH)     17%

• Early repolarization       16%

• 1st degree AV block         1%

Training unrelated ECG changes

• LAD or RAD 2.0%

• LAFH/LPFH 0.1%

• Complete RBBB 0.5%

• LA enlargement          0.5%

• Deep Q wave (≥4 mm)   0.3%

• Brugada Like ECG     0.3%

• Prolonged QTc 1.6%

• Flat/mildly inverted T     13%

• Deep T-wave inv. (≥2 mm) 1.8%



134
(13%)

Athletes with flat 

T-waves or mild 

T-wave inversion

16 (1.6%)
T-wave ab.
Inf.±lateral 

118 (11.8%)
T-wave ab.
anterior 

84 (8.4%)
≤14 years

34 (3.4%)
>14 years



18
(1.8%)

Athletes with deep 

T-wave inversion

3 (0.3%)
T-wave inv.
Inf.±lateral 

15 (1.5%)
T-wave inv.

anterior 

12 (1.2%)
≤14 years

3 (0.3%)
>14 years

1 HCM

No CMPsNo CMPs



Comparison of electrocardiographic findings

in adolescent athletes

Highly trained athletes (n=1710)

Papadakis M et al. Eur Heart J.

• Sinus bradycardia           80%

• Incomplete RBBB            30%

• 1st degree AV block        4.5%

• Sokolow Lyon (LVH)       45%

• ST segment elevation     45%

• Complete RBBB             0.6%

• T-wave inversion               4%

• Deep T-wave inversion  0.8%

Amateur athletes  (n=994)

• Sinus bradycardia          21%

• Incomplete RBBB           31%

• 1st degree AV block          1%

• Sokolow Lyon (LVH)      17%

• ST segment elevation    16%

• Complete RBBB             0.5%

• Flat/mild inv. T-waves    13% 

• Deep T-wave inversion 1.8%



CONCLUSIONS

• 12-lead ECG must be included in the pre-
participation screening of adolescent athletes to 
prevent SCD.

• Specific age criteria should be included in the 
recommendations for the interpretation of 
repolarization abnormalities in anterior precordial 
leads in adolescent athletes.

• Further studies are needed to evaluate the 
clinical outcome of repolarization abnormalities 
in adolescent athletes. 




