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Athlete Heart: Definition
• Athlete’s heart is generally regarded as a benign 

increase in cardiac mass, with specific circulatory 
and cardiac morphological alterations, that 
represents a physiological adaptation to 
systematic training.

• There is increasing recognition of the impact that 
prolonged conditioning has on cardiac 
remodeling, which may eventually mimic certain 
pathological conditions with the potential for 
sudden death or disease progression.

Beneficial Adaptation versus Overuse Pathology



Cardiac Remodeling with Exercise



Classes of Athletic Activity



•Athletes generally show relatively small (but 
statistically significant) increases of 10% to 20% for wall 
thickness or cavity size, and values in most individual 
athletes remain within accepted normal limits.

•Strength training is associated with only mildly 
increased wall thicknesses (often disproportionate 
relative to cavity size), whereas absolute values
uncorrected for body surface area usually remain 
within the accepted normal range (12 mm)

Athletic Heart: General Concepts



Environment vs Genetics in Athletic Remodeling

•75% of variability in LV cavity size is attributable to nongenetic
factors, such as body size, type of sport, gender, and age,
ethnicity, with body surface area the largest of these 
components. The remaining 25% of cavity size variability is 
otherwise unexplained and possibly caused in small part by 
genetic factors

•The relative contributions of demographic and environmental 
or genetic determinants to LV remodeling in trained athletes is 
controversial



LV and LA Dimensions in Athletes
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LV Wall Thickness in Athletes



Aortic Root Size in Athletes Right Ventricle in Athletes





Impact of Sport on Athletic Heart



Diastole and Deformation 
Endurance Athletes

D’Andrea et al. JASE, 2010



Diastole and Deformation
Strength Athletes

D’Andrea et al. JASE, 2010



Diastole and Deformation
HCM



LV and RV Strain in Athletes



We noted wide variability in inclusion, methodology, follow-up, and consequently 
effect estimates, which was not conducive to performing a meta-analysis. However, 
despite the variation, all studies revealed a degree of association of abnormal LV-GLS 
with poor cardiac outcomes







Adverse Effects of Endurance Exercise

• LV dilation and reduced EF
• Elevated troponins
• Elevated BNP
• Increased frequency of atrial fibrillation
• Increased coronary calcification

• Cardiac fatigue
• Exercise overdosing?





Serial LV Changes in Elite Cyclists

The question of drugs?



Right Ventricular Strain



114 Olympic Athletes competing in 2-4 Games (average intense training 8.3 yrs)



Athletic Heart vs Cardiomyopathy





HCM vs Athletic Heart: Distinction 



Athletic Heart vs HCM



Detraining Effects on Athletic Heart



CMR in Cardiomyopathy



CMR in Cardiomyopathy: LGE



Athletic Heart vs ARVC



Athletic Trabeculations vs Non-
compaction






Athletic Heart vs Non-compaction



•Athletes generally show relatively small (but 
statistically significant) increases of 10% to 20% for wall 
thickness or cavity size, and values in most individual 
athletes remain within accepted normal limits.

•Strength training is associated with only mildly 
increased wall thicknesses (often disproportionate 
relative to cavity size), whereas absolute values
•uncorrected for body surface area usually remain 
within the accepted normal range (12 mm)

Athletic Heart: General Concepts



Sudden Death in Athletes: Causes



Preparticipation Athletic ECG Screening: 
Rationale For

• Sudden death in young healthy athletes is 
particularly devastating

• Preparticipation ECG can detect risk for SCD
• Restriction from athletic participation may 

prevent sudden death
• One study yielded data of reduced sudden 

death after preparticipation ECG screening 





Reduced Sudden Deaths with 
Preparticipation ECG Screening in Italy

Corrado et al; JAMA, 2006 



Preparticipation Athletic ECG Screening: 
Rationale Against

• Sudden death in athletes is extremely rare
– Less than in non-athletic population

• Minimal data exist that screening identifies 
risk or that it can be reduced with restriction

• False positives far outnumber true positives
• Elite athletes may be erroneously restricted
• Screening would be very expensive





Preparticipation TTE Screening 
Time to Perform TEE (Comprehensive)

Weiner et al; JASE, 2012



Preparticipation TTE Screening 

Weiner et al; JASE, 2012



Imaging for Preparticipation Screening





• The athlete’s heart is commonly (up to 80%) associated with ECG changes 
such as sinus bradycardia, first-degree AV block, and early repolarization 
resulting from physiologic adaptation of the cardiac autonomic nervous 
system to training, i.e. increased vagal tone and/or reduced sympathetic 
activity. Moreover, the ECG of trained athletes often exhibits pure voltage 
criteria for LV hypertrophy that reflect the physiological LV remodelling, 
consisting of increased LV wall thickness and chamber size. Although these 
ECG changes (i.e. training related) may be considered ‘abnormal’, they do 
not imply the presence of cardiovascular disorders or an increased 
cardiovascular risk in the athlete. These ECG abnormalities should be 
clearly separated from training unrelated ECG patterns (present in <5%), 
such as ST-segment depression and T-wave inversion, pathologic Q waves, 
major intraventricular conduction defects, ventricular pre-excitation, long 
or short QT interval, and ventricular arrhythmias, which may be an 
expression of cardiovascular disorders, notably cardiomyopathies and 
cardiac ion channel diseases, with potential risk of SCD during sports.
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