
Supplementary material: 

4.2  ECHOCARDIOGRAPHY * Please record and store Echo loops for clinical and legal issues. 

The echocardiography should be performed by a designated physician and expert in 

echocardiography with particular experience in the assessment of athletes. The 

examination should base on the internationally accepted echo guidelines in “non-athletes”. 

However, as athletes may exhibit physiologic deviations from conventional “ranges of 

normal” we also refer to corresponding specific Sports Cardiology literature. 

Parasternal long axis: 

 

Parasternal short axis (incl. coronary artery origin): 
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- Systolic Function:  normal    abnormal  

o LVEF: _______ % 

•  

- Diastolic function:   normal    abnormal  

 

Right ventricle: 

- Dimensions:  normal    abnormal  

- Function:  normal    abnormal  

 

Left atrium: 

- Dimensions:  normal    abnormal  

- LAVI: ______ml/m2 

 

Right atrium: 

- Dimensions:  normal    abnormal  

- RAVI: ______ml/m2 

 

Apical 2-chamber view: 

normal    abnormal  

 

Apical 3-chamber view: 

normal    abnormal  

 

Subcostal view: 

normal    abnormal  

 

Jugular view: 
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Dimensions of the aortic arc:  normal    abnormal  

Aortic isthmus stenosis:   yes    no  

 

Summary: 

Structural heart disease (including relevant valve or myocardial disease, coronary anomaly): 

no    yes   (specify: ____________________________________________) 

Normal dimensions:  

yes    no   (specify: _____________________________________________) 

Normal function:  

yes    no   (specify: _____________________________________________) 

Pulmonary hypertension: 

no    yes   (highest systolic RV-/RA-Gradient _______ mmHg) 

 

 

Further assessment required: 

no    yes   (specify: ____________________________________________) 

  

Summarising assessment of echocardiography  normal  abnormal 
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Special applications of echocardiography in the athletic population 

 

Transesophageal echocardiography and contrast echocardiography (with agitated saline i.e. 

“bubble”-contrast or Sonovue®) do not have a particular role in the screening of athletes. The 

indications for these special applications are the same as in non-athletes and include (but are 

not limited to) suspected endocarditis, detailed workup of valvular heart disease, suspicion of 

shunts, rule-out of endocardial thrombi, workup of intracardiac masses, and poor 

transthoracic echo quality.1 Stress echocardiography, however, is of special interest in the 

athletic population. Also, novel advanced echocardiographic techniques like speckle tracking, 

strain imaging and 3-D echocardiography play an emerging role in the echocardiographic 

investigation of athletes. 

 

Stress echocardiography 

Stress echocardiography can be subdivided into exercise stress echocardiography and 

pharmacological stress echocardiography. Exercise stress echocardiography is a low cost, 

widely available and safe technique providing information about cardiac function, cardiac 

contractile reserve, exercise capacity and stress-inducible arrhythmias. Exercise stress 

echocardiography plays an important diagnostic role in the differentiation of athlete’s heart 

and dilated cardiomyopathy (DCM). Endurance athletes who present with marked left 

ventricular cavity enlargement and borderline or reduced ventricular systolic function at rest 

are able to increase cardiac output during exercise.2,3 Thus, a sufficient augmentation of left 

ventricular systolic function during exercise of at least 10-15% may help to differentiate an 

athlete’s heart from DCM.4,5 Similar findings can be seen in the assessment of the athlete’s 

right ventricle – La Gerche et al. demonstrated a normalization of reduced basal right 

ventricular strain during incremental exercise.6  

CAD is the leading cause of exercise-related SCD in athletes > 35 years. Interestingly, recent 

studies show that premature CAD may be more common in young athletes than previously 

thought.7,8 CAD may be diagnosed by exercise stress echocardiography with moderate 

sensitivity and specificity (∼80%).9,10 However, only significant fixed coronary stenoses causing 

demand ischemia may be detectable. Stress echocardiography may also be used to assess left 

ventricular outflow tract obstruction during exercise in subjects with hypertrophic 

cardiomyopathy or hypertensive heart disease but also valvular heart disease.11 
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Exercise-induced pulmonary hypertension may be an issue in athletes with decreased physical 

capacity of unknown origin. Pulmonary pressure may be assessed by echocardiography during 

exercise if useful tricuspid regurgitation signal is present.12 

 

Advanced echocardiographic techniques: speckle tracking, strain imaging, 3-D 

echocardiography 

According to the position paper of the ESC on the indication and interpretation of 

cardiovascular imaging in athletes, speckle tracking and 3D echocardiography are not part of 

the routine evaluation of the athlete, but may become useful in specific circumstances to 

clarify the nature of cardiovascular adaptations. Possible examples include differentiation 

between athlete’s heart and early dilated cardiomyopathy (DCM, left ventricle), early 

hypertrophic cardiomyopathy (HCM, left ventricle) and the characterization of regional wall 

motion abnormalities (left and right ventricle). Indications for 3D echocardiography are a 

better assessment of left ventricular volumes, left ventricular function and the pattern of left 

ventricular geometry, as well as quantification of the extent of left ventricular trabeculation.13 

While left ventricular function can be determined more accurately by 3D as compared to 2D 

echocardiography, left ventricular ejection fraction was shown to be largely comparable and 

no add-on value in a more precise ejection fraction is to be expected by 3D 

echocardiography.14 Although spatial and temporal resolution is higher in 2D 

echocardiography, as compared to 3D echocardiography, 3D echocardiography might assist in 

the assessment of the visualization of the extent of the trabeculation, particularly because the 

3D approach may result in less foreshortend views of the left ventricle.14  

 

Left ventricular global longitudinal strain (LV GLS) obtained by speckle tracking is currently the 

most widely used advanced echocardiographic technique. Reduced LV GLS is an uncommon 

feature in athlete’s heart and cannot be considered a physiological adaptation to training, 

indicated in a multitude of studies in a broad range of athletes.13,15 The current normal range 

for the general population varies from −16% to −22%, mean −20%, however these values differ 

according to the vendor due to different software. Similar values have been found in athletes, 

suggesting that a value <15% should raise suspicion of an underlying myocardial disease, 

particularly in case of other concomitant subclinical anomalies, ECG changes and/or 
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symptoms.13,15 Others have suggested -18 as limit of lower normal in the general 

population.16,17  

Speckle tracking has also been used to access the right ventricle in athletes. Tricuspid annular 

plane systolic excursion (TAPSE) and fractional area change (fac) have been shown to be 

reproducible and useful in the 2D assessment of the right ventricle.18 However, as in depth 2D 

assessment of right ventricle is often difficult in clinical practice, speckle tracking of the right 

ventricle has been studied for its added value to quantify right ventricular dysfunction and 

regional wall motion abnormalities, particularly to improve the ability to diagnose 

arrhythmogenic cardiomyopathies (AC) and to distinguish between physiology and pathology. 

However, studies investigating right ventricular function in athletes by strain imaging remain 

limited and there is lack of universally accepted cut-off values.13 Existing normal values in non-

athletes can only partly be used in an athletic population.19 

In 3D echocardiography, cardiac volumes and, with certain limitations, mass can be estimated 

more precisely without the use of geometric assumptions and with very fast acquisition times 

thereby adding quantitative information on the athlete’s heart and differentiation from 

pathology.20 left ventricular geometry data as assessed by 3D echocardiography are very close 

to those obtained by cardiac magnetic resonance imaging while 2D echocardiography 

routinely underestimates these measurements.21 Regardless to the sports discipline, athletes 

exhibit a balanced ratio between left ventricular mass and end-diastolic volume in 

echocardiography, whereas in cardiomyopathies this is typically not the case.22 Also the 

segmental distribution of hypertrophy within the left ventricle as described by the mass 

dispersion index (MDI; the standard deviation of segmental left ventricular mass) is able to 

differentiate the homogeneous segmental distribution of left ventricular mass as seen in 

athletes or hypertensive patients as compared to the less homogeneous hypertrophy which 

is usually seen in hypertrophic cardiomyopathy.23 

 

Athlete`s heart 

 

Athlete’s heart is typically found in well-trained endurance athletes with high training volumes 

and intensities and is characterized by four-chamber enlargement more pronounced in males 

than in females. Similar biventricular changes in mass, volume and function have been 

demonstrated, characterizing a balanced hypertrophy of the heart.24-26 Resting LVEF and RVEF 

are normal to slightly reduced and early diastolic function is normal to enhanced.27,28 
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Echocardiography plays a major role in helping to distinguish a training-related from 

pathological cardiac remodeling in cardiomyopathies. The upper limit of physiological cardiac 

hypertrophy in highly trained athletes is LVEDD scaled to body surface area (BSA) of 

<35mm/m2 in male and 40mm/m2 in female athletes. 29-34 A LV wall thickness cut-off of 15mm 

in adult Caucasian and 16mm in Afro-Caribbean male athletes were defined, while in female 

athletes a maximal physiological cut-off of 12mm was described.29,31-33 

The highest increase in LV mass has been observed in endurance sports, but in strength sports 

LV mass is not altered when normalized to body mass.33,35 

 

Arrhythmogenic Cardiomyopathy  

 

The diagnosis of AC is based on criteria including ECG, arrhythmias and alterations in cardiac 

structure and function.36 Inversion of T-waves in the precordial leads is the most common ECG 

sign of AC. However, some pattern of T-wave inversion limited to V1-V4 is also seen in 

athlete’s heart, in particular in healthy athletes of Afro-Caribbean descent (domed ST-segment 

elevation followed by a negative T-wave in V1-V3/4).37 Further examinations with 

echocardiography are recommended in athletes presenting with T-wave inversion extending 

beyond V4 or in case of T-wave inversion in the absence of signs of early repolarization until 

V4, as these alterations might reveal an underlying cardiomyopathy.37 Especially in female 

athletes, anterior T-wave inversions in V1-V4 are present in a significant proportion (6.5% out 

of 895 white female athletes) without cardiac abnormalities.38 

 

Left Ventricular Non-Compaction Cardiomyopathy 

Echocardiography is the most important diagnostic tool and three (Jenni, Chin, Stöllberger) 

sets of criteria have been proposed to define LVNC.39 All three rely on the presence of LV 

hyper-trabeculations and a double myocardial layer (compacted and non-compacted). The 

Jenni criteria are the most commonly used in clinical practice:40 a non-compaction to 

compaction ratio > 2.0 in end systole on short-axis views; the absence of other cardiac 

abnormalities; and color Doppler demonstrating perfusion of the intertrabecular recesses. 

Jenni et al. showed that non-compacted segments are frequently found in the mid-lateral and 

inferior walls and apex.40 The overlap of physiologically increased LV-trabeculation in athletes 

and LVNC is challenging. Usually EF in athletes with hyper-trabeculation is >50%, EF of <45% 

would supports the diagnosis of LVNC, and in LVEF of 45-50% elements in favor to athlete`s 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

 doi: 10.1136/heartjnl-2020-317996–276.:270 107 2021;Heart, et al. Niederseer D



heart would be normal LV-GLS, normal diastolic function and significant increase of LVEF to 

exercise. Furthermore, athletes show a high peakVO2 and dynamic LV contraction, whereas 

patients with LVNC show low peakVO2 and persistently reduced LV function on exercise 

echocardiography.41 Increased isolated LV-trabeculation in athletes, with negative family 

history, normal LVEF, no ECG abnormalities or ventricular arrhythmias, may be considered 

benign and deprived of clinical significance. Ethnicity and LV loading conditions seem to play 

a major role in the presence of LV-hypertrabeculation.42  
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