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he sudden death of a young indi-

vidual is the most tragic event in

sports. It is a significant athletic,
political, medical and social problem with
great impact on public opinion and the
media, since this catastrophic event in-
volves individuals who are basically con-
sidered apparently healthy and are often
treated as heroes.

Despite the known benefits of regular
exercise training, an enhanced risk of unde-
sirable events has been described in individ-
uals who take part in mainly high intensity
physical activities.' There is evidence that
vigorous physical exertion triggers mecha-
nisms that lead to sudden death.”’ Sudden
death occurs either during or immediate-
ly after the end of sports activity, confirm-
ing that participation in competitive sports
or high intensity physical activity increases
the likelihood of cardiac arrest.® Indeed, it
has been found that adolescent and young
athletes have a 2.8-fold greater risk of sud-
den cardiovascular death than their seden-
tary counterparts.” The risk-benefit ratio al-
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so varies according to the athlete’s age, phys-
ical capacity, and state of health.’
Underlying cardiac disorders are the
most common cause of sudden death dur-
ing sports activities.'"'> In Europe, the in-
cidence of sudden cardiac death in young
people (age <35 years) is estimated to
be 2.1 cases per 100,000 athletes per year
from cardiovascular causes and 2.3 per
100,000 from all causes,” while in the USA
the corresponding rate is 0.96 per 100,000
athletes per year.'® It has been claimed
that, in healthy adults (age >35 years)
who are joggers or long-distance runners,
the incidence of sports-related sudden
death ranges from 1:15,000 to 1:50,000.™
There appears to be a significant predomi-
nance of males over females (ratio >10:1),
which can be attributed to the particularly
higher rate of male participation in com-
petitive sports and high-intensity physical
activities.” In addition, male gender has
been found to be an independent predic-
tive factor for sports-related sudden car-
diac death, mainly due to the higher prev-
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alence and phenotypic expression of cardiac disorders
related to arrhythmias and cardiac arrest, such as car-
diomyopathies and coronary artery disease.

Cause and mechanisms of sudden cardiac death in
athletes

In young individuals (age <35 years) who participate in
sport activities, the most common cardiac disorders that
lead to sudden death during exercise, or to other seri-
ous cardiovascular complications, are hypertrophic car-
diomyopathy and congenital coronary anomalies.>! 12
Other less common causes of sudden death in young
athletes are a variety of congenital heart diseases, myo-
carditis, dilated cardiomyopathy, Marfan syndrome,
and arrhythmogenic right ventricular cardiomyopa-
thy.51112 Rarer causes are mitral valve prolapse, aortic
stenosis, as well as arrhythmias, conduction system dis-
eases and channelopathies.®!"!? In contrast, in adult/
senior individuals who are engaged in physical activity,
atherosclerotic coronary artery disease is the most com-
mon cause of sudden cardiac death during exercise.®

The pathophysiological mechanism usually re-
sponsible for sudden cardiac death in young individ-
uals is based on an interaction between anatomical
and functional disorders that results in electrical in-
stability.8 Thus, exercise is not itself the cause; rather,
it triggers arrhythmias in individuals who have some
cardiovascular disorder.® Such a substrate can involve
either ischaemic or hypertrophic myocardium, or con-
duction system diseases.>'®!” Several factors —such
as transient decreases of coronary artery flow, acido-
sis, hypoxia, haemodynamic disturbances, neurophys-
iological disorders, or the effect of toxic substances
such as drugs —may act on such a substrate and trig-
ger either ventricular extrasystoles, ventricular tachy-
cardia, ventricular fibrillation, or sudden death.®!01"
This pathophysiological mechanism appears more
often during exercise, especially in the presence of
specific environmental conditions. It seems that the
exercise characteristics play an important role. Spe-
cifically, the risk is higher for those who participate
in prolonged, high intensity effort (above the anaero-
bic threshold), particularly when there are electrolyte
disturbances, high temperature (atmospheric tem-
perature >32° C and relative humidity >50-75%) and
when exercise takes place at a high altitude.?*%?

The risk of sudden death is quadrupled in indi-
viduals with sympathetic overactivity.® Strenuous ex-
ercise stimulates the sympathetic nervous system, in-
creasing catecholamine levels, which enhance the risk

of ventricular tachycardia, platelet accumulation and
the formation of thrombi or the rupture of atheroma-
tous plaque.>!'"!? Catecholamines shorten the effective
refractory period of healthy or slightly diseased myo-
cardium.®!" The mechanisms that lead to potentially
malignant or fatal arrhythmias are either increased au-
tomaticity or triggered activity. Thus, during physical
activity, potentially malignant ventricular extrasystoles
sometimes appear as a result of re-entry.®

Sudden death during sports can also be due to a
non-cardiac cause, such as bronchial asthma, rupture
of a cerebral aneurysm, heatstroke, etc.®13 In addi-
tion, deaths have been reported among athletes from
neck® and chest injuries, or following a sudden and
blunt blow to the precordium (commotio cordis).**

The abuse of drugs and prohibited substances of-
ten causes acute or chronic cardiovascular complica-
tions during exercise.”> Long-term abuse of anabolic
steroids, for example, has been implicated in arterial
hypertension, arrhythmias, coronary artery disease,
and a number of cases of sudden cardiac death in
young athletes.”>2® The doping substances most wide-
ly used in sports are anabolic steroids, erythropoietin,
growth hormone, and stimulants such as cocaine, can-
nabis, ephedrine, etc.”” These substances aim to al-
ter either short- or long-term competitive ability, giv-
ing an unfair advantage to the athlete-user with cata-
strophic consequences for his health. The majority of
athletes take a combination of several drugs in high
dosages, over long periods of time.

Sedentary individuals who participate occasionally in
intensive sports activities seem to have an increased risk
of ischaemic events or sudden cardiac death during or af-
ter exercise.”’ Indeed, sudden cardiac death is often the
first manifestation in subjects with silent ischaemia.>*’

Protocol for the cardiovascular screening of athletes

Systematic long-term exercise has been proved to im-
prove health by reducing all-cause and particularly
cardiovascular mortality. Thus, regular physical ac-
tivity of moderate intensity has been shown to reduce
the incidence of myocardial infarction and sudden
death.'® The aim is to provide appropriate recom-
mendations that will ensure the benefits of exercise
and reduce the risk. It is important to provide prop-
er sports medicine support for the improvement of
physical performance, protection of athletes’ health,
and prevention or treatment of exercise-related disor-
ders. The strategic plan for the limitation of exercise-
induced cardiac disorders, and mainly the prevention
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of sudden cardiac death, during sports, is as follows:

a) to establish a common pre-participation cardio-
vascular screening protocol (for both amateur
and professional athletes);

b) to establish diagnostic criteria to determine the most
appropriate exercise prescription for individuals
with cardiovascular diseases;

¢) to equip arenas with smart automatic defibrillators
and to train the staff in first aid; and

d) to identify families with a high risk of hereditary
cardiac diseases.

Proper and complete regular pre-participation car-
diovascular screening contributes to the identification of
athletes affected by cardiovascular diseases, so that ap-
propriate interventions may lead to prevention of sud-
den death.”® Countries with a great medical and athletic
tradition have enacted protocols for the cardiovascular
screening of athletes. Both the American Heart Associa-
tion and the European Society of Cardiology have pub-
lished guidelines for the cardiovascular screening of ath-
letes, aiming to detect the high-risk athletes and to pre-
vent undesirable events.'>?’ These protocols incorporate
mandatory diagnostic methods that complement person-
al and family history and complete physical examination
of athletes. However, in recent years, the results of stud-
ies based on the cost-effectiveness ratio of the proposed
guidelines for pre-participation cardiovascular screening,
doubts about the additional use of echocardiography,
and the overuse of diagnostic methods have led to the
establishment of new criteria and the use of more easily
accessible and effective diagnostic methods. The Sports
Cardiology Study Group of the European Society of Car-
diology proposed in 2005 a common European protocol
for the cardiological screening of athletes.!® The recom-
mendations were based mainly on the 20-year Italian ex-
perience, the applicable legislation, and the experience of
specialist cardiologists and sports physicians for all over
Europe. These recommendations have also been accept-
ed by the International Olympic Committee.**!

On the basis of these recommendations, we also
propose a common cardiovascular screening protocol
for all sports federations, for all athletes, both ama-
teur and professional, who engage in sports activities
in Greece. The ultimate goal is to store the cardio-
vascular screening findings in an electronic athletes’
Health Identity Card, which will be updated peri-
odically and will be carried throughout the athlete’s
sport career, being accessible only to authorised phy-
sicians of the sports clubs to which the athletes be-
long. According to the proposed protocol (Figure 1),
the athlete’s health screening should include a care-
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Figure 1. Protocol for the cardiovascular screening of athletes.
(From reference 15, reproduced with permission.)

fully recorded personal and family history, a complete
physical examination (looking for findings of Marfan
syndrome, auscultation in supine, seated and upright
position, palpation of peripheral pulses, and accurate
measurement of blood pressure), and the recording
of a 12-lead resting ECG. If findings are normal, the
health study must be repeated every 1-2 years."

Medical history

Most cardiac disorders related to sudden cardiac death
are genetically determined, either autosomal domi-
nant or autosomal recessive, which emphasises the im-
portance of heredity in identifying high-risk athletes.
Family history is considered positive when some fam-
ily member has experienced a heart attack or sudden
death at a young age (<55 years in males, <65 years in
females), or if there is a family history of cardiomyopa-
thy, coronary artery disease, Marfan syndrome, chan-
nelopathies, etc. The personal history is considered pos-
itive when the athlete reports symptoms of exertional
chest pain or discomfort, syncope or near-syncope, pal-
pitations, dyspnoea or respiratory difficulty, or fatigue
not compatible with the degree of physical exertion.'
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Clinical examination

The physical examination should be detailed and
should include all systems. Auscultation of the heart
should be performed with the subject in supine and
seated positions. Blood pressure should be recorded
with the subject seated and the established guidelines
should be carefully observed, because of the high inci-
dence of “white coat” hypertension among young ath-
letes.*? Positive findings include musculoskeletal or
ocular disturbances suggestive of Marfan syndrome,
diminished or delayed femoral artery pulses, mid- or
end-systolic clicks, a second heart sound that is single
or widely split, marked murmurs (systolic or diastolic
grade >2/6), arrhythmias, and hypertension (>140/90
mmHg on more than one measurement).'

Electrocardiogram

The resting ECG is a simple method with high sensitiv-
ity and specificity (70% and 94%, respectively),*® which
contributes significantly to the identification of asymp-
tomatic patients who require further examination.!»?53*
A common clinical problem during screening of young
athletes is the differential diagnosis between “normal”
findings, which are due to anatomical and function-
al cardiac adaptations to exercise, and pathological
findings that are the result of cardiac diseases. Com-
mon ECG findings in athletes that are considered to be
“physiological” and the consequence of long-term train-
ing include sinus bradycardia, first degree atrioventricu-
lar block, incomplete right bundle branch block, signs
of early repolarisation, and QRS changes indicative of
right ventricular hypertrophy.'>334

In contrast, ECG findings that are considered
suspicious and require further examination are nega-
tive T waves, ST-segment depression, pathological Q
waves, left or right axis deviation, left posterior hemi-
block, left anterior hemiblock, complete left or right
bundle branch block, long or short QT interval, and
findings compatible with Brugada syndrome (Table
1).1533.34

Studies that investigated the cost-effectiveness of
the cardiovascular screening of athletes have found
the 12-lead ECG to be the most cost-effective exami-
nation, compared with medical history, clinical and
echocardiographic examinations.>>*

Limitations of the cardiovascular screening of athletes

Around 30% of sudden death cases cannot be pre-
cluded by medical screening of athletes, even when

this includes an ECG examination.’” There is only a
small probability of identifying athletes with early ath-
eromatosis or congenital coronary anomalies.?>333
It is estimated, however, that about 25% of these
cases show warning symptoms, usually during exer-
cise, or ECG disturbances at rest or during exercise,
that could raise the suspicion of cardiac disease.'>*
Echocardiographic examination of all athletes has
not been found to improve the ability of primary ba-
sic cardiovascular screening to identify athletes with
hypertrophic cardiomyopathy.*’ In contrast, it has
been claimed that the extensive use of echocardiogra-
phy leads to an increase in false positive or false nega-
tive results, a typical example being the identification
of athletes with left ventricular hypertrophy who are
in the so-called “grey zone”.*'*3 In addition, echo-
cardiography has limited diagnostic value in athletes
aged under 18 years, since even in cases with hyper-
trophic cardiomyopathy in adolescents the hypertro-
phy may not exceed the upper normal levels.** For
similar reasons, the diagnostic value of the ECG is
limited during childhood.**

A common finding that arises during pre-par-
ticipation cardiovascular screening of athletes is the
presence of cardiac adaptations to long-term and in-
tensive training. The “athlete’s heart” creates prob-
lems for differential diagnosis and raises questions
about the decision to allow participation in competi-
tive sports or concerning the recommended level of
physical activity. Long-term exercise leads to an in-
crease in left ventricular mass, due to either an in-
crease in left ventricular diameter (isotonic exercise),
or hypertrophy of the walls (isometric exercise), or
both.***% The magnitude of the cardiac adaptations
depends upon the characteristics of the physical activ-
ity in which each athlete participates.***® The distinc-
tion between these exercise-induced changes, called
“physiological” hypertrophy, that revert after detrain-
ing, and those of cardiac disorders or “pathological”
hypertrophy, is of high importance. The identification
of a cardiac disease in an athlete usually leads to his
disqualification in an attempt to reduce the risk. On
the other hand, a false diagnosis of a cardiac disease
in an athlete may also lead to disqualification, thus
depriving him of the various benefits from sports par-
ticipation.

Typical examples of clinical dilemmas from the pre-
participation screening of young athletes who are in the
area between “physiological” and “pathological” are the
“grey zone” left ventricular hypertrophy (interventricu-
lar septum thickness 13-15 mm), right ventricular dilata-
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Table 1. Typical findings from the ECG in athletes due to the presence of cardiovascular disorders. (From reference 15, reproduced with

permission).
Disease QTc interval P wave PR interval QRS complex ST interval T wave Arrhythmias
HCM Normal (Left atrial ~ Normal Increased voltages ~ Down- Inverted in (Atrial
enlargement) in mid- left sloping (up- mid- left fibrillation);
precordial leads; sloping) precordial (PVB); (VT)
abnormal Q waves leads; (giant
in inferior and/or and negative
lateral leads; (LAD, in the apical
LBBB); (delta wave) variant)
Arrhythmogenic Normal Normal Normal Prolonged >110 ms (Up-sloping Inverted PVB with a LBBB
right ventricular in right precordial  in right in right pattern; (VT with
cardiomyopathy/ leads; epsilon wave  precordial  precordial LBBB pattern)
dysplasia in right precordial ~ leads) leads
leads; reduced
voltages <0.5 mV
in frontal leads;
(RBBB)
Dilated Normal (Left atrial ~ (Prolonged LBBB Down- Inverted in PVB; (VT)
cardiomyopathy enlargement) >0.21 s) sloping (up- inferior and/
sloping) or lateral
leads
Long QT syndrome  Prolonged  Normal Normal Normal Normal Bifid or (PVB); (torsade de
>440 ms biphasic in all pointes)
in males leads
>460 ms in
females
Brugada syndrome ~ Normal Prolonged  S1S2S3 pattern; Up-sloping  Inverted (Polymorphic VT);
>0.21's (RBBB/LAD) coved-type  in right (atrial fibrillation)
in right precordial (sinus bradycardia)
precordial  leads
leads
Lenégre disease Normal Normal Prolonged = RBBB; RBBB/ Normal Secondary (2nd or 3rd degree
20.21s LAD; LBBB changes AV block)
Short QT syndrome  Shortened  Normal Normal Normal Normal Normal Atrial fibrillation
<300 ms (polymorphic VT);
Pre-excitation Normal Normal Shortened  Delta wave Secondary  Secondary Supraventricular
syndrome (WPW) <0.12s changes changes tachycardia; (atrial
fibrillation)
Coronary artery (Prolonged) Normal Normal (Abnormal Q (Down- or  Inverted in 22 PVB; (VT);
disease waves) up- sloping) leads

Less common or uncommon ECG findings are reported in parentheses.

QTc - QT interval corrected for heart rate by Bazett’s formula; LBBB — left bundle branch block; RBBB - right bundle branch block; LAD — left axis
deviation of -30° or more; PVB - either single or coupled premature ventricular beats; VT - either non-sustained or sustained ventricular tachycardia.

tion, excessive bradycardia (<45 beats/min), left ventric-
ular dilatation (end-diastolic diameter >55 mm), con-
duction disturbances (second degree Wenckebach atrio-
ventricular block or worse), other arrhythmias, etc.**
Other medical concerns involve the presence of disor-
ders such as mitral valve prolapse, Wolff-Parkinson-
White syndrome, atrial septal defect, etc., in relation to
the eligibility to participate in competitive sports or even
in leisure-time physical activity.*’

534 e HJC (Hellenic Journal of Cardiology)

Further examinations in cases of “abnormal” findings

In cases of “abnormal” findings from the first basic car-
diovascular screening, the athletes should undergo an
echocardiographic study, maximal exercise testing, or
other non-invasive examinations according to the indica-
tions.® In certain cases it is also necessary to carry out in-
vasive examinations, such as coronary angiography, ven-
triculography, myocardial biopsy, or an electrophysiolog-
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ical study. A genetic examination may also be required in
the investigation of hereditary cardiac disorders.**

Specifically, in athletes with “abnormal” findings
from the basic cardiovascular screening, or in those
in the “grey zone”, the following diagnostic examina-
tions have been proposed:!>-2%3445-48

1. In athletes with marked murmurs an echocar-
diographic-Doppler study is suggested. If it re-
veals an anatomical cardiac abnormality, maxi-
mal exercise testing, chest X-ray, and 24-hour
Holter ECG recording should be performed.
Athletes with moderate to severe findings may
also need transoesophageal echocardiography,
cardiac magnetic resonance imaging or, accord-
ing to the cardiologist’s judgement, a haemody-
namic study.

2. In athletes with ECG findings indicative of left
ventricular hypertrophy, an echo-Doppler exam-
ination, maximal exercise testing, and 24-hour
Holter ECG monitoring are suggested.

3. In athletes with rhythm disturbances (Lown >1I),
the screening is accompanied by an echo-Dop-
pler study, a maximal exercise test, and 24-hour
Holter ECG monitoring.

4. In athletes with channelopathies, an additional
echo-Doppler study, maximal exercise testing,
and 24-hour Holter ECG monitoring are suggest-
ed. In symptomatic athletes (paroxysmal tachy-
cardias), or in cases with anatomical cardiac dis-
orders, an electrophysiological study may be re-
quired.

5. In athletes with conduction disturbances, an echo-
Doppler study, maximal exercise testing, and
24-hour Holter ECG monitoring are requested. If
there are QRS abnormalities and/or an anatomical
cardiac disorder, or second degree atrioventricular
block or more severe disturbances, an electrophys-
iological study is requested.

6. In athletes with syncope, an echo-Doppler study,
maximal exercise testing, 24-hour Holter ECG
monitoring, and tilt-testing are suggested. A full
neurological examination is also required.

7. In athletes who experience chest pain, especially
during exercise, a full echo-Doppler study, exercise
testing, chest X-ray, and 24-hour Holter ECG mon-
itoring are suggested. In cases of doubt, a dynamic
radioisotope myocardial perfusion scan, multi-chan-
nel computed tomography, cardiac magnetic reso-
nance imaging, and/or coronary angiography may
be needed.

8. In athletes who have mild or moderate hyperten-
sion at first measurement, this measurement should
be repeated after half an hour’s rest and on the fol-
lowing days. If it persists, an echo-Doppler study,
24-hour blood pressure monitoring with a portable
device, and a maximal exercise test are recommend-
ed. If the findings persist, or in the presence of se-
vere hypertension, further examinations (hormone
test, renogram, etc.) may be required.

To conclude, the pre-participation cardiovascu-
lar screening of athletes should be considered essen-
tial, since it contributes significantly to the prevention
of undesirable complications during exercise and to a
reduction in sudden cardiac death. This has been con-
firmed by statistical data from Italy, where an 89% re-
duction in the cases of sudden death in athletes was
observed during the period when mandatory cardio-
vascular screening was applied.”®

The aim of the cardiovascular screening of ath-
letes is not to exclude them from sports, but mainly to
provide advice concerning the type of exercise that is
appropriate, beneficial and safe, as well as to prevent
complications in extreme activities. This presupposes
the establishment of clear criteria related to the per-
mitted level of physical activity on a case-by-case ba-
sis.
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