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ATLETI COMPETITIVI CON ARITMIE
Popolazione studiata dal 1974 all’aprile 2004
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ATLETI COMPETITIVI CON ARITMIE
Popolazione studiata dal 1974 all’aprile 2004
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Atleti con arresto cardiaco resuscitato e fatale
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ATLETI COMPETITIVI CON ARITMIE
Popolazione studiata dal 1974 all’aprile 2004
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ATLETI COMPETITIVI CON ARITMIE
Popolazione studiata dal 1974 all’aprile 2004
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Corrado D et al, JACC 2003;42:1959-63

Incidence and relative risk of sudden death 
among athletes and non-athletes from 

cardiovascular and non-cardiovascular causes

Athletes
Non-athletes



Corrado D et al, JACC 2003;42:1959-63

Incidence and relative risk of sudden death for 
specific cardiovascular causes among athletes 

and non-athletes



Does sports activity enhance the risk of sudden 
death in adolescents and young adults?

Corrado D et al, JACC 2003;42:1959-63

Sports, per se, is not a cause of increased mortality; 
rather, it acts as a trigger for cardiac arrest in the 
presence of underlying cardiovascular diseases 
predisposing to life-threatening ventricular 
arrhythmias during physical exercise - namely, 
ARVC, premature CAD, and congenital coronary 
artery anomaly.





Maron BJ et al, JACC 2003;41:974-80

Relationship of race to sudden cardiac death in 
competitive athletes with hypertrophic 

cardiomyopathy



Maron BJ et al, JACC 2003;41:974-80

Impact of race on cardiovascular causes of 
sudden death in competitive athletes



Maron BJ, Heart 2005;91:1380-82

Distinguishing
hypertrophic

cardiomyopathy from
athlete’s heart: a clinical

problem of increasing
magnitude and 

significance

Criteria used to distinguish
hypertrophic cardiomyopathy

(HCM) from athlete’s heart when the 
left ventricular (LV) wall thickness is

within the shaded ‘‘grey zone’’ of 
overlap, consistent with both

diagnoses. Q indicates decreased; LA, 
left atrial; LVH, left ventricular

hypertrophy.



Comparison of incidence of underlying heart 
disease in young athletes dying suddenly in the 

United States and Italy
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Link MS et al, Curr Opin Cardiol 2001;16:30-39



Normal ECG or ECG with Minor Alteration

• Incresed PR interval duration (> 0.20 sec)
• Mild increased R or S wave voltage (25 to 29 mm) 
• Early repolarization (ST elevation > 2 mm in > 2 leads)
• Incomplete right bundle branch block (RSR’ pattern in V1 e V2 of  

<0.12 sec in duration)
• Sinus bradicardia < 60 bpm  

Pelliccia et al. Circulation 2000;102:278-284



Mildly Abnormal ECG

• Increased R or S wave voltage (30 to 34 mm) in any lead 
• Q waves 2 to 3 mm in depth and present in >2 leads
• Repolarization pattern with either flat, minimally inverted, or 

particularly ( ie, > 15 mm) T waves in >2 leads
• Abnormal R wave progression in the anterior precordial leads
• Right bundle branch block ( RSR pattern >0.12 in V1 and V2)
• Right atrial enlargement ( peaked P waves >2.5 mm in leads II,     

III, or  V1)
• Left atrial enlargement ( prolonged positive P wave in lead II 

and/or deep, prolonged negative P wave in V1)
• Short PR interval ( <0.12 s)

Pelliccia et al. Circulation 2000;102:278-284

Mildly abnormal ECGs were those that were compatible with the 
presence of cardiovascular disease:



Distinctly Abnormal ECG

Distinctly abnormal ECGs were those that were strongly suggestive 
of cardiovascular disease:

• striking increase in R or S wave voltage (> 35 mm) in any lead
• Q waves > 4 mm in depth and present in > 2 leads
• ripolarization pattern with inverted T wave > 2 mm in > 2 leads
• left bundle branch block
• marked left (<-30°) or right (>110°) QRS axis deviation
• WPW pattern

Pelliccia et al. Circulation 2000;102:278-284



Distribution of ECG Abnormalties in 1005 Trained 
Athletes 

Pelliccia et al. Circulation 2000;102:278-284



Abnormal ECGs in Athletes

53 athletes with cardiovascular abnormalities

Abnormal ECGs 
n 27

Normal ECGs 
n 26

Cardiac abnormalities in ECG subgroup

4%
(p<0.001)

5% 
(p<0.001)

70%

Normal ECGsMildly

Abnormal ECGs

Distinctly
Abnormal ECGs

Pelliccia et al. Circulation 2000;102:278-284



ECG abnormalities in various disease states

Link MS et al, Curr Opin Cardiol 2001;16:30-39

ECG abnormalitiesDiagnosis of heart disease

Short PR
Delta Waves
Pseudoinfarct patterns

Wolff-Parkinson-White

Tipically no abnormalities
Q-waves
ST segment abnormalities

Coronary artery disease
Tipically no abnormalitiesAnomalous coronary artery

RBBB (complete or incomplete)
ST elevation anteriorly
Changes can vary with time

Brugada syndrome

Prolonged QT
Abnormale appearance of ST segment

Long QT syndrome

LBBB
Prolonged QT
Can be normal

Idiopatic dilated cardiomyopathy

Left ventricular hypertrophy
Pseudoinfarct with Q-waves anteriorly
Rarely normal

Hypertrophic cardiomyopathy

T-wave inversions anteriorly
Epsilon wave
RBBB (complete or incomplete)
Rarely normal

Arrhythmogenic right ventricular 
dysplasia



NASPE Consensus Statement JCE 2001



Causes of sudden cardiac death
in young athletes

Firoozi S et al, Heart 2003;89:710-14



In conclusion, despite the significant alterations found in ECG at rest, the 
performance in the exercise test and the results of echocardiography, 
myocardial perfusion and antimyosin studies, together with the lack of events 
during the long-term follow-up, indicate that marked repolarization 
abnormalities (MRA) have no pathological implications and should not, 
therefore, preclude physical training and competitive availability when a 
cardiac pathology can be excluded. Thus, the presence of similar ECG 
alterations must lead to a careful examination of the athlete. The cause of 
MRA is unknown, and training is likely the trigger. Further research is 
needed to determine the origin.



The significance of QT dispersion in endurance 
athletes

Group I essential hypertension
Group II isolated valvular aortic stenosis
Group III endurance athletes 
Group IV healty subjects

Zoghi et all.Intern Journal Cardiol 2002



In conclusion, physiologic adaptive LV hypertrophy does not 
increase QT dispersion in endurance athletes, although the 
QT interval is prolonged due to increased vagal tone. 
However, power training combined with use of large doses 
of anabolic steroids is associated with increased QT 
dispersion despite short QT intervals. This possibly reflects 
altered myocardial structure in the hypertrophied heart and 
increased risk of malignant arrhythmias.

Am J Cardiol 1999;84:364-66



Differences between athletes with early 
repolarization and  patients with the 

Brugada syndrome

Bianco M et al, Eur Heart J 2001;22:504-10

ST elevation does not usually extende beyond lead V4 
and is rarely associated with giant positive T waves. 



Athlete’s heart

Fagard, Heart 2003,89:1455-1461



Fagard, Heart 2003,89:1455-1461



JACC 40, No 3, 2002



Prevalence of structural cardiovascular 
abnormalities in 355 competitive athletes with 

ventricular tachyarrhythmias

Biffi A et al, JACC 2002;40:446-52



These findings underscore the view that ventricular 
tachyarrhythmias in athletes subjected to intense physical 
exertion during training and competition do not usually 
develop unfavorable consequences and that, in athletes 
without cardiovascular abnormalities, they would appear to 
represent another previously unappreciated expression of the 
"athlete’s heart syndrome," probably insufficient per se to 
definitively dictate withdrawal from competitive sports.

Biffi A et al, JACC 2002;40:446-52

Long-term clinical significance of frequent 
and complex ventricular tachyarrhythmias in 
trained athletes



Biffi et all, JACC 44,5;2004



Biffi A et al, JACC 2004;44:1053-58

Effect of deconditioning on frequent and/or 
complex ventricular tachyarrhythmias in trained 
athletes



Biffi A et al, JACC 2004;44:1053-58

Impact of physical deconditioning on ventricular 
tachyarrhythmias in trained athletes 

Frequent and/or complex ventricular tachyarrhythmias in 
trained athletes (with and without cardiovascular 
abnormalities) are sensitive to brief periods of 
deconditioning. In athletes with heart disease, the resolution 
of such arrhythmias with detraining may represent a 
mechanism by which risk for sudden death is reduced. 
Conversely, in athletes without cardiovascular abnormalities, 
reduction in frequency of ventricular tachyarrhythmias and 
the absence of cardiac events in the follow-up support the 
benign clinical nature of these rhythm disturbances as 
another expression of athlete's heart.



Eur Heart J 2005;26:516-24



Eur Heart J 2005;26:516-24

Proposed screening protocol for young 
competitive athletes

Consensus Statement of the Study Group of Sport Cardiology of the Working 
Group of Cardiac Rehabilitation and Exercise Physiology and the Working Group

of Myocardial and Pericardial Diseases of the European Society of Cardiology
Young 

competitive 
athletes

Family and personal history, physical 
eamination, 12-lead ECG

Negative findings Positive findings

Eligible for 
competition

Further examinations

(echo, stress test, 24-h Holter, 
cardiac MRI, angio/EMB, EPS)

No evidence of 
cardiovascular 
disease

Diagnosis of 
cardiovascular 

disease

Management according to 
established protocols



Eur Heart J 2005;26:516-24

Consensus Statement of the Study Group of Sport Cardiology of the 
Working Group of Cardiac Rehabilitation and Exercise Physiology and 

the Working Group of Myocardial and Pericardial Diseases of the 
European Society of Cardiology

The family history is considered positive when close relative(s) had 
experienced a premature heart attack or sudden death (<55 years of age in 
males and <65 years in females), or in the presence of a family history of 
cardiomyopathy, Marfan syndrome, long QT syndrome, Brugada syndrome, 
severe arrhythmias, coronary artery disease, or other disabling 
cardiovascular diseases.

The personal history is considered positive in the case of exertional chest 
pain or discomfort, syncope or near-syncope, irregular heartbeat or 
palpitations, and in the presence of shortness of breath, or fatigue out of 
proportion to the degree of exertion.



Firoozi S et al, Heart 2003;89:710-14

Current recommendations regarding athletic
participation for athletes with cardiac conditions

causing sudden death in young athletes



Firoozi S et al, Heart 2003;89:710-14

Current recommendations regarding athletic
participation for athletes with cardiac conditions

causing sudden death in young athletes



NASPE JCE 2001

Aritmie sopraventricolari



Aritmie ventricolari

NASPE JCE 2001



Competitive sport can put athletes with mild

cardiac disorders in extreme, insoluble and 

not predictable environmental conditions, 

(associated with blood volume, electrolytic

and hydration modifications).

Some consideartions . . .



The use of antiarrhythmis drugs can not be
considerated a mean to offer safety and 
specific protection against life-threatening
arrhythmias, or a primary tool to obtain the 
qualification to strenuous competitive sport 
practice.

Some consideartions . . .



The availability of external defibrillators in 
the place of competition must not be
considered an absolute protection against
sudden death and a warranty for
participating to otherwise prohibited
competitive sports.

Some consideartions . . .



The presence of an ICD can not be
considered a protective therapy and 
therefore a justification to allow the 
participation to otherwise avoided
competitive sports.

Some consideartions . . .


