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Abstract

Review Article

IntroductIon

The European Society of Cardiology (ESC) definition for 
sudden death (SD) is a nontraumatic, unexpected fatal event 
occurring within 1 h of the onset of symptoms in an apparently 
healthy control. If death is not witnessed, the definition 
applies when the victim was in good health 24 h before the 
event.[1] Cardiovascular (CV) diseases are responsible for 
approximately 17 million deaths every year in the world and 
about 25% of which are sudden cardiac death (SCD).[2]

A SD may be defined as a SCD when a congenital, or acquired, 
potentially fatal cardiac condition was known to be present 
during life, or autopsy has identified a cardiac or vascular 
anomaly as the probable cause of the event, or no obvious 
extra cardiac causes have been identified by postmortem 
examination, and therefore, an arrhythmic event is a likely 
cause of death.[1]

In last years, the number of sport practitioners has increased 
by many times. The benefits of sport practice in improving 
CV health are unquestionable, but an increase in CV events 
has also been demonstrated during its practice. Therefore, the 

absolute number of people at risk of SCD during exercise is 
also increasing.[3]

SCD of an athlete is a rare, but tragic event, which devastates 
families, institutions, the community, and sports medicine 
team. It is widely publicized by the media with significant 
social implications, conveying the idea that such an event can 
be preventable.

Sport activity might play a trigger role of cardiac arrest in 
athletes with structural or electrical heart abnormalities, 
generating malignant arrhythmias, as ventricular fibrillation. 
The culprit diseases are often clinically silent and unlikely to be 
suspected or identified on the basis of spontaneous symptoms.[4]

Preparticipation screening (PPS) protocol proposed by the ESC 
focuses on three points: family and personal history, physical 
examination, and 12‑lead electrocardiogram (ECG), showing 

Echocardiography is a noninvasive imaging technique useful to provide clinical data regarding physiological adaptations of athlete’s heart. 
Echocardiographic characteristics may be helpful for the clinicians to identify structural cardiac disease, responsible of sudden death during 
sport activities. The application of echocardiography in preparticipation screening might be essential: it shows high sensitivity and specificity 
for identification of structural cardiac disease and it is the first‑line imagining technique for primary prevention of SCD in athletes. Moreover, 
new echocardiographic techniques distinguish extreme sport cardiac remodeling from beginning state of cardiomyopathy, as hypertrophic 
or dilated cardiomyopathy and arrhythmogenic right ventricle dysplasia. The aim of this paper is to review the scientific literature and the 
clinical knowledge about athlete’s heart and main structural heart disease and to describe the rule of echocardiography in primary prevention 
of SCD in athletes.
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a 70% sensitivity to detect the most frequent causes of SCD in 
young athletes.[5] However, some cardiac structural diseases, 
as incipient forms of cardiomyopathies and anomalous origin 
of coronary arteries (AOCA), can be missed on physical 
examination and ECG, but they may be easily identified with 
echocardiography.

Therefore the echocardiogram might be a useful, accessible, 
and noninvasive tool to increase sensitivity of screening, to 
identify cardiac disease, and to prevent SCD in athletes.

The purpose of this work is to define the echocardiographic 
structural characteristics of the main cardiac pathologies, which 
may be responsible for SCD in the athletes.

epIdemIology of Sudden cardIac death In 
athleteS

The assessment of the precise frequency of SCD is hindered 
by the retrospective nature of most analyses.

SCD related to sport accounts for a little but meaningful 
proportion of all SCD: recent studies reported around 5% of 
overall SCD occurring during sporting activity. Considering 
all sports, SCD occurred only in 6% in young competitive 
athletes, as compared with 94% among recreational sports 
participants. Most sports‑related SCD occurs in the middle‑age 
group of 35 years or older, mainly in recreational athletes and 
80% of these deaths are due to atherosclerotic coronary artery 
disease (CAD).[6]

Prevalence of CV diseases that predispose to SCD during sports 
in young athletes is estimated to be 0.2%–0.7%.[7]

In literature, the reported incidence of SCD in young athletes 
is quite variable. Maron et al.[8] reported 0.6 SCD per 100,000 
person‑years in young competitive athletes in United States, 
Van Camp et al.[9] reported 0.4 SCD in 100,000 athletes per 
year, in high school and college athletes, while Harmon 
et al.[10] stated that the overall incidence of SCD was 1:53,703 
athlete‑years, with higher incidence in black athlete compared 
to white athletes.

Concerning Europe, especially among young Italian athletes, 
Corrado et al.[11] reported the incidence of SCD 3.6/100,000 
person‑years before routine PPS and 0.4/100,000 person‑years 
after starting routine PPS.

Moreover, an Italian study[12] reported among the nonathletic 
young people an incidence of SCD 0.9/100,000/year, while 
the incidence of fatalities among young competitive athletes 
was estimated to be approximately 2.3/100,000 athletes per 
year; therefore, the incidence of SCD in young athletes was 
2.5‑fold greater, suggesting that physical activity rises the risk 
of SD in this age group.

etIology of Sudden cardIac death In athleteS

Different causes of SCD in athletes are related to the age of 
onset. Atherosclerotic CAD is the most frequent etiology 

of SCD in adult athletes (35 years or older). In this age 
group, habitual physical activity may protect against CV 
events, preventing the development of atherosclerotic 
CAD by favorable effects on weight reduction, lipid and 
carbohydrate metabolism, and collateral circle development, 
reducing atherosclerotic plaques formation in the coronary 
circulation.[13]

The vast  majori ty of  young SD vict ims have an 
underlying structural heart disease. It is responsible of 
the majority of SCD in young athletes (age ≤35 years), 
providing a substrate for malignant arrhythmias, as 
ventricular tachycardia/fibrillation, leading to cardiac 
arrest.[14‑18] A wide range of CV diseases (including 
congenital and inherited heart disorders) may underlie 
SCD: sport activities act as triggers of cardiac arrest in 
those athletes affected by CV conditions, which predispose 
to malignant ventricular arrhythmias during physical 
exercise [11] [Tables 1 and 2].

prepartecIpatIon ScreenIng In Sport actIVItIeS

PPS is essential to identify the presence of silent heart diseases 
and to reduce the risk of sports related SCD.

History, physical examination, and ECG are the least expensive 
tools of PPS and constitute the primary screening examinations 
in most guidelines.[19]

Nowadays, the American Heart Association recommendations 
for PPS of a competitive athlete include essential elements 
in history and physical examination, especially regarding 
familiar history of cardiomyopathy or SCD, while physical 
examination should include careful auscultation to detect any 
heart murmur, due to left ventricular outflow tract obstruction 
or valvular disease.[19]

The addition of 12‑lead ECG may improve the sensitivity 
of PPS to identify significant silent cardiac abnormalities: 
Wolff–Parkinson–White syndrome, ion channelopathies (long 
QT syndrome and Brugada syndrome), hypertrophic 
cardiomyopathy (HCM), and arrhythmogenic right 
ventricular (RV) cardiomyopathy (ARVC).[20]

While in the USA, it is still controversial if the inclusion of 
an ECG in the regular PPS is cost‑effective, in Europe, this 
recommendation was established more than 10 years ago,[5] 
and it has been adopted by the different sport committees and 
international federations.[21]

Italian studies[7,11] showed that PPS of athletes with ECG 
determined reduction of incidence of SCD from 3.6/100,000 
person‑years to 0.4/100,000 person‑years (P < 0.001), 
representing 90% reduction in sports‑related mortality 
[Figure 1].

 It is estimated that 30% of lethal CV causes, like congenital 
coronary anomalies, aortic dilatation, 10%–30% cases of 
cardiomyopathies (HCM/ARVC), and premature CAD cannot 
be identified by PPS with ECG.[8]
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Nowadays, there are only few data[22] regarding the 
cost‑effectiveness of adding an echocardiography in the 
screening: this tool provides higher sensitivity of the PPS, 
especially in some competitive athletes, practicing sports 
with long distance (endurance athletes), or high static 
component (power athletes).[23] Moreover, the echocardiography 
may be useful to detect cardiac disease that cannot be identified 
with a standard 12‑lead ECG and to make a differential diagnosis 
between pathologic cardiac hypertrophies and athlete’s heart 
remodeling. Nevertheless, it is less useful to recognize the 
arrhythmic cardiac diseases responsible for SCD.[24]

echocardIography In athlete’S heart

Long‑term physical training causes structural, functional, and 
electrical heart changes that are physiological responses to the 
hemodynamic demands of increased cardiac output during 
effort: this adaptive remodeling can be defined as “athlete’s 
heart.”[25] According to the Morganroth et al.’s original 
hypothesis,[26] two main models of training can be identified, 
which cause two distinct patterns of cardiac remodeling: 
eccentric hypertrophy in endurance training and concentric 
hypertrophy in strength training.

Concerning echocardiographic assessment, endurance athletes 
are characterized by increased left ventricle (LV) end‑diastolic 
diameter, rarely >60 mm, even if ejection fraction (EF) is 
preserved.[27] Instead, concentric remodeling in power athletes 
involves all myocardial segments, with a maximal septal 
thickness <12 mm. Identification of HCM is challenging, when 
wall thickness is between 13 and 15 mm (the so‑called gray zone 
of left ventricular hypertrophy [LVH]), but after a deconditioning 
period of at least 3 months, a reduction in wall thickness can be 
observed in athletes, but not in HCM[28] [Figure 2].

LV remodeling in athletes is associated with normal or 
increased myocardial relaxation; thus, LV diastolic function is 
often supranormal, presenting a transmitral E/A ratio often > 2, 
with typical low A velocity (late diastole). Pulsed tissue 
Doppler imaging (TDI)‑derived early diastolic myocardial 
velocity (e’) of basal septal and basal lateral wall is increased 
in athletes, responsible of a low E/e’ ratio.[29]

Moreover, the athlete’s heart can be considered an interesting 
model of strain variation at different loading conditions 
because there is a LV adaptation at rest and a load dependency 
of strain measurement.[30] Speckle tracking may be useful 
to distinguish physiologic or pathologic LVH, as HCM and 
amyloidosis [Figure 3].

Concerning the right sections, the RV shows greater inflow 
and outflow dimensions in athletes compared with sedentary 

Table 1: Common cardiovascular diseases associated 
with sudden cardiac deaths in athletes

Structural cardiac disease Nonstructural cardiac disease
Congenital/genetic

HCM Brugada syndrome
Idiopated dilated cardiomyopathy WPW syndrome
Arrhythmogenic right ventricle 
cardiomyopathy

Catecholaminergic polymorphic 
ventricular tachycardia

Other cardiomyopathy: Left 
ventricular non‑compaction

Congenital long QT syndrome

AOCA Primitive ventricular fibrillation
Valvular heart disease: Mitral 
valve prolapse

Other ion channelopathies

Aortopathy
Acquired

Premature coronary artery disease Acquired long QT: Drug‑induced
Myocarditis Other substance ingestion or 

environmental factors: Hypo‑or 
hyper‑thermia

WPW=Wolff‑Parkinson‑White, HCM=Hypertrophic cardiomyopathy, 
ARVC=Arrhythmogenic right ventricle cardiomyopathy, 
AOCA=Anomalous origin of coronary arteries

Figure 1: Athlete’s prepar ticipation screening according to Italian 
Guidelines

Table 2: Distribution and prevalence of cardiovascular 
abnormalities associated with sudden cardiac deaths in 
young athletes (<35 years old)

Young competitive athlete %
Unexplained[8] 36%
HCM[15] 11%
Primitive ventricular fibrillation[8] 8%
Premature coronary artery disease[16] 6%
Congenital heart disease[8] 6%
Possible HCM[15] 4%
ARVC[56] 4%
Myocarditis[17] 5%
Long QT syndrome[8] 4%
WPW syndrome[8] 4%
Early repolarization syndrome[8] 2%
Mitral valve prolapse[8] 2%
Tunneled LAD coronary artery[18] 2%
Ruptured ascending aorta[55] 2%
Commotio cordis[8] 2%
HCM=Hypertrophic cardiomyopathy, WPW=Wolff–Parkinson–White, 
LAD=Left anterior descending, ARVC=Arrhythmogenic right ventricle 
cardiomyopathy
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