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function, reserve, and possible arrhythmias.
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1. Introduction

Athletes put their cardiovascular systems under huge and repetitive effort, resulting in a heightened risk of developing

cardiovascular diseases . Additionally, their hearts undergo significant morphological, functional, and regulatory

adaptations due to regular physical activity , leading to increased mass, cavity dimensions, and wall thickness with

preserved systolic and diastolic function . Despite preserved cardiac function, some of the mentioned physiological

adaptations can overlap with pathological conditions, making a differential diagnosis quite challenging . This similar

phenotype, often referred to as the “grey zone”, requires a careful and precise diagnostic approach to ensure accurate

identification and proper management, as proposed in Figure 1 .

Figure 1. The step-by-step approach to diagnosing athlete’s heart . ECG: electrocardiography; CV: cardiovascular; EST:

exercise stress test; CPET: cardiopulmonary exercise test; ESE: exercise stress echocardiography; CMR: cardiac

magnetic resonance; CCT: computed coronary tomography; SPECT: single photon emission computed tomography; PET:

positron emission tomography.

ESE is a reliable, safe, and noninvasive diagnostic tool that combines exercise stress tests with echocardiographic

imaging to evaluate athletes’ CV responses during physical activity . It has gained relevance in the evaluation of

athletes, enabling the identification of CV abnormalities elicited only by exercise. It is advisable to perform ESE rather

than pharmacological stress testing for any patient who can physically exercise, as it maintains the physiological CV

response to exercise as well as the accuracy of the electrocardiogram (ECG) response and offers critical insights into

functional status. Combining echocardiography with an exercise stress test facilitates the correlation of symptoms with CV

stress and wall motion irregularities. The expanding evidence base advocating ESE’s utility beyond ischemia evaluation,

its growing adoption in sports cardiology echocardiography labs, and its established diagnostic and prognostic

significance underscore the necessity to develop specific guidelines for its application and execution .
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2. Indications for ESE in Athletes

Although there is ongoing debate in the literature about the optimal approach for mass preparticipation screening (PPS)

, ESE is not recommended for this purpose. This is due to the rare occurrence of atherosclerotic coronary disease in

young athletes and the limited diagnostic effectiveness of ESE in detecting anomalous coronary anatomy . However,

ESE is mainly indicated for the evaluation of a wide range of CV conditions in athletes since it gives information about

cardiac function, reserve, exercise capacity, and arrhythmias  (Table 1). Indeed, wide availability, low cost, and the

absence of radiation exposure make it the ideal third-line method . The current European guidelines for sports

cardiology identify ESE as an important test in cases where uninterpretable exercise stress results in the evaluation of

coronary artery disease and to assess the severity and the hemodynamic response to exercise of a heart valve disease

and possible complications of left ventricle (LV) hypertrabeculation . A wide knowledge of athletes’ physiological

echocardiographic features at rest is essential for discerning which individuals might benefit most from ESE.

Echocardiographic adaptations to physical activity encompass several changes, such as a proportional enlargement of

both left and right cardiac cavities, increased LV wall thickness and mass, and above-normal indices of both systolic and

diastolic function .

Table 1. Main indications of ESE in athletes.

Detection of exercise-induced ischemia

Differential diagnosis in grey zones: LV wall thickening, LV/RV dilatation, LV hypertrabeculation

Diagnosis and prognosis of HCM

Diagnosis and prognosis of heart valve diseases

Lung B line screening

LV: left ventricle; RV: right ventricle; HCM: hypertrophic cardiomyopathy.

2.1. Exercise-Induced Ischemia

A primary use of ESE is to identify exercise-induced ischemia in athletes experiencing chest pain or showing ECG

anomalies. In such cases, it is crucial to rule out coronary artery disease (CAD) or congenital anomalies of the coronary

arteries, both in terms of their origin and course . For instance, CAD is diagnosed using ESE with moderate sensitivity

and specificity (about 76 and 88%, respectively), comparing favorably with other stress-testing methods . The choice

between ESE and other third-line diagnostic modalities for the assessment of CAD in athletes is still a debated point in the

literature (Table 2) .

Table 2. Details of third-line diagnostic modalities for the diagnosis of CAD in athletes .

Pros Cons

ESE

Physiological activation of the CV system

Non-radiation imaging modalities

Low cost

Requires specific and expensive equipment

Motion artifacts

Limited skeletal muscle fatigue in individuals

accustomed to cycling

CCT

High spatial resolution

High-quality multiplanar reconstruction in

any orientation

Short examination time

Costs

Limited access

Radiation dose

Low temporal resolution
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Pros Cons

Nuclear
imaging

Excellence accuracy

Costs

Radiation dose

Low specificity in competitive athletes

ESE: exercise stress echocardiography; CV: cardiovascular; CCT: cardiac computed tomography.

2.2. Athlete’s Heart Grey Zone

In endurance athletes presenting with LV and/or right ventricular (RV) dilation and mildly reduced ejection fraction (EF) at

rest, ESE can be employed to evaluate contractile reserve during exercise . A marked increase in contractility with

physical exertion (e.g., Δ LV EF > 5%) indicates physiological cardiac remodeling. In contrast, the absence or insufficient

increase in contractility suggests a pathological condition (e.g., hypertrophic cardiomyopathy—HCM, dilated

cardiomyopathy—DCM, LV noncompaction—LVNC, and arrhythmogenic cardiomyopathy—AC) (Table 3) . A

considerable EF increase suggests low EF at rest to be related to low preload and not to LV systolic dysfunction .

Abernethy et al. , involving 156 professional football players, demonstrated an increase in left ventricular ejection

fraction (LV EF) during ESE across all subjects, regardless of their rest values. Tissue velocity imaging becomes a crucial

tool when assessing cardiac function during exercise. Notably, elite rowers exhibited increased LV torsion but a decline in

diastolic function and apical RV tissue Doppler-derived strain after high-intensity, short-duration exercises. In contrast,

athletes engaged in mixed endurance and strength training showed improved diastolic function, as per tissue Doppler

analysis, compared to non-athletes. Additionally, while weightlifters displayed a slight reduction in resting RV function

measured by 2D and strain parameters, they showed significant improvement under stress conditions compared to

inactive individuals. RV strain, measured using speckle-tracking echocardiography (STE), along with RV ejection fraction

(fractional area change) and RV annular peak systolic velocity, demonstrate moderate to high accuracy in differentiating

patients with AC from healthy adults . During isometric exercise, highly trained resistance athletes have shown a

greater increase in stroke volume and enhanced diastolic function compared to sedentary individuals, as reported in

studies . Millar et al.  explored the application of ESE in differentiating between athlete’s heart and DCM. Their

findings revealed that during ESE, 96% of athletes in the grey zone demonstrated a rise in LV ejection fraction by more

than 11% from baseline to peak exercise, in contrast to only 23% of DCM patients (p < 0.0001). Furthermore, a reduction

in LV end-systolic volume during exercise was observed in both athletes and healthy subjects, but not in those with DCM

or HCM. These results suggest that analyzing LV function during exercise could be a promising method for distinguishing

between athlete’s heart and other pathological conditions .

Table 3. The use of ESE in the differential diagnosis of grey zones in athlete’s heart: LV wall thickening, LV/RV dilatation,

LV hypertrabeculation .

Parameters during
Effort Findings Suggestive of Normal Heart Finding Suggestive of CV Pathologies

Contractile reserve Significant improvement Absent or subnormal improvement

Dynamic obstruction No dynamic intraventricular obstruction LVOTO or mid-cavity obstruction

Diastolic function Normal/supranormal diastolic function
indexes Diastolic dysfunction

Heart valve diseases Absent Dynamic/functional new onset/worsening valve
diseases

Ischemia Absent Inducible ischemia

Lung echocardiography Normal Pulmonary congestion

ESE: exercise stress echocardiography; LV: left ventricle; LVOTO: left ventricle output tract obstruction; RV: right ventricle.

In terms of systolic function, young endurance-trained athletes often exhibit a normal diastolic response during ESE. For

instance, marathon runners display an increase in mitral E and e’ lateral upon exercising, which is linked to a modest rise

in both E/e’ septal and E/e’ lateral while remaining within normal limits . Elevated systolic pulmonary artery pressure

(sPAP) may be induced by strenuous endurance exercise. Mirea et al.  found that 12.9% of the athletes they studied
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exhibited higher sPAP, which was further enhanced by bicycle ergometric stress effort and correlated with significant RV

enlargement. Despite this, both conventional methods and STE indicated preserved RV function in these athletes. Indeed,

a recent article  highlighted the utility of exercise stress echocardiography (ESE) in examining the pulmonary circulation

and the right ventricle. This method has revealed prognostically important differences among healthy individuals, athletes,

high-altitude dwellers, and patients with various cardiorespiratory conditions.

2.3. Hypertrophic Cardiomyopathy

ESE has been shown to have an important role in the diagnosis of HCM, an important cause of SCD in athletes . In

patients who do not exhibit outflow gradients at rest, ESE is the preferred method to induce obstruction. This technique

not only has the potential to predict the future onset of progressive heart failure symptoms but also helps in distinguishing

between patients with provocable obstruction and those without it. These distinctions have significant implications for

guiding treatment options . Furthermore, an LV outflow tract gradient exceeding 50 mmHg during or immediately after

exercise in athletes with LV hypertrophy and symptoms like syncope or shortness of breath may indicate HCM .

Figure 2 shows the case of an athlete with LV hypertrophy and dyspnea. Indeed, Gaitonde et al.  showed how,

compared with athletes, HCM patients had significantly higher LVOT peak gradients at rest and during ESE. Usually, there

is no dynamic intraventricular obstruction with aerobic exercise in subjects with a structurally normal heart .

Figure 2. Exercise stress echocardiography in a 51-year-old master athlete, symptomatic for dyspnea during effort and

with a family history of hypertrophic cardiomyopathy with a suspicious left ventricular hypertrophy; during effort, is it

possible to observe an increase in mitral regurgitation and a significant left ventricle outflow tract obstruction that could

explain the dyspnea. LVOTG: left ventricle outflow tract gradient.

2.4. Valvular Heart Disease

The evaluation of athletes with valvular heart disease (VHD) deserves a special mention: in these cases, ESE may give

complementary information on functional status and exercise tolerance, biventricular contractile reserve, and changes in

hemodynamic and valvular functional parameters, including transvalvular gradients, regurgitation quantification, sPAP, and

diastolic function . Consequently, athletes with mild to moderate VHD should undergo ESE following a protocol that

closely mirrors the level of physical exertion expected in their chosen sport  (Table 4).

Table 4. The use of ESE in the evaluation of athletes with valvular heart disease .
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MVP MR MS TR/TS

ESE parameters
to be evaluated

Evaluation of
sPAP increase
during exercise

Evaluation of hemodynamic
consequences and
arrhythmias during exercise

Symptoms, sPAP, and
MV dynamic gradient
evaluation during
exercise

Symptoms, sPAP, and TV
dynamic gradient
evaluation during
exercise

MR: mitral regurgitation; MS: mitral stenosis; MV: mitral valve; MVP: mitral valve prolapse; sPAP: systolic pulmonary

artery pressure; TR: tricuspid regurgitation; TS: tricuspid stenosis; TV: tricuspid valve; ESE: exercise stress test.

2.5. Lung Screening

B-lines assessed using lung ultrasound, commonly referred to as ultrasound lung comets, offer a straightforward and

effective method to directly visualize extravascular lung water. A correct evaluation of the patient includes accurate

scanning of the anterior and posterior chest and quantifying the number of B-line artifacts at each intercostal space.

Stress lung ultrasound, which involves detecting B-lines during or immediately after exercise, is particularly valuable in

two distinct scenarios: heart failure and extreme physiological conditions. In environments such as high-altitude trekking

or among healthy elite apnea divers, scuba divers, underwater fishermen, and extreme athletes participating in triathlons

or marathons, B-lines may be present even in the absence of pulmonary edema symptoms . Therefore, during the

ESE protocol for athletes, B lines should always be incorporated (Figure 3). Moreover, B-line evaluation during ESE was

used to differentiate athletes and anabolic androgenic steroid users in a recent study by D’Andrea and colleagues ,

suggesting their potential use in the anti-doping evaluation of athletes.

Figure 3. Exercise stress echocardiography in an endurance athlete: note the normal increase in tricuspid annular plane

systolic excursion (TAPSE) and the mild increase in B-lines at peak effort. TAPSE: tricuspid annular plane systolic

excursion.
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