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Abstract: Sports are a double-edged sword. On the one hand, cardiovascular benefits from sports
activity are well-known, and on the other hand, sports may increase the risk of sudden cardiac
death (SCD) in subjects with known or unknown cardiovascular diseases. SCD is rare but has a very
strong emotional issue. There are many examples involving famous professional athletes, but this is
only scratching the surface of a widespread phenomenon that also involves amateur athletes. The
importance of safely performing physical activity appears clear in both professional and amateur
athletes. In particular, the former undergo a pre-participation screening for SCD primary prevention
with different recommendations in each country. On the other hand, a medical examination is not
mandatory for non-professional athletes and, therefore, for people who practice sports as an amateur.
Widespread distribution of automatic external defibrillators and people trained for cardiopulmonary
resuscitation are necessary to promote secondary prevention of SCD. We briefly report a case series
of athletes with aborted SCD during sports activity in order to underline and discuss in this review
the previously highlighted issues.
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1. Introduction

Each year, sudden cardiac death (SCD) affects 1–3/100.000 competitive athletes aged
<35 years worldwide [1–4]. The most frequent causes of sports-related SCD are hypertrophic
cardiomyopathy (United States) and arrhythmogenic cardiomyopathy (Italy) in <35-year-
old subjects, coronary artery disease in older ones, and channelopathies (e.g., LQT1-2 and
catecholaminergic polymorphic ventricular tachycardia) in children [5–9].

The patients are often asymptomatic, with excellent physical performance, and the first
manifestation of the disease is SCD. A screening electrocardiogram (ECG) can be a useful
and simple tool to unmask these pathologies. Italian (COCIS), European, and American
guidelines provide recommendations on sports eligibility in the case of cardiovascular
anomalies [10–14]. They are roughly similar, even if the Italian ones appear more restrictive.
However, the sports-related SCD is rare, so the cost-effectiveness of mass screening is
doubtful, it is not applied to all categories of athletes, and it has differences among countries.
For example, in Italy, ECG screening is mandatory for professional athletes and recently
also for non-professionals; conversely, it is not mandatory in the United States [15,16]. For
these reasons, the pre-participation screening is a good starting point, but it is not the only
solution to the problem, and therefore we must try to make sports activities as safe as
possible. The presence of automatic external defibrillators (AEDs) in sports centers and
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during competitions should be forced [17,18]. However, sports activity can be practiced by
anyone even in the most remote and isolated places. What can we do to avoid SCD outside
a “cardioprotected” site? The acquisition of outdoor AEDs and increasing cardiopulmonary
resuscitation (CPR) training for all populations should be our targets to reduce SCD during
sports activities.

In the following, a case series of four aborted sports-related SCDs is presented.

2. Case 1

An 18-year-old Caucasian male with no known family history (adopted at an early
age from a foreign country) suffered from cardiac arrest during a competitive soccer match
in an Italian regional league. CPR was immediately started by the soccer team’s coach.
The medical ambulance present for the event was immediately activated. Ventricular
fibrillation was recognized after rhythm analysis by AED and a 360 J discharge restored
sinus rhythm (Figure 1). In the hospital, echocardiography revealed abnormal hypertrophy,
especially of the interventricular septum (19 mm), and coronary angiography showed
a small muscle bridge at the left anterior descending coronary middle tract. Cardiovas-
cular magnetic resonance (CMR) imaging confirmed asymmetrical septal hypertrophy
and showed focal intramyocardial late gadolinium enhancement areas spread in the left
ventricle (expression of myocardial fibrosis). A subcutaneous implantable cardioverter
defibrillator (S-ICD—Boston Scientific, Marlborough, MA, USA) was implanted, and a few
months later, a mutation of the MYH7 gene-encoding β-cardiac myosin heavy chain was
revealed by genetic testing.
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The soccer player, according to the Italian sports medicine protocol [9], was screened 
10 months earlier, with a rest ECG and with a step test. The retrospective analysis of this 
ECG revealed the presence of the voltage ventricular hypertrophy criteria (Figure 2), in 
the absence of other clear malignant criteria (T-wave inversion in inferior–lateral leads, 
pathological Q waves, and left axis deviation) [11]. There was only a mild J-ST depression 
in lead V6. For this reason, and because of the absence of family history, the diagnostic 
flowchart was stopped. 

Figure 1. Lifepak-500 (Medtronic, Minneapolis, MI, USA) registered traces during CPR maneuvers.
(Panel A) ventricular fibrillation recognition and subsequent 360J shock discharge (red arrow) by
AED. (Panel B and C) post-shock normal rhythm restoration and artifacts from chest compressions.

The soccer player, according to the Italian sports medicine protocol [9], was screened
10 months earlier, with a rest ECG and with a step test. The retrospective analysis of this
ECG revealed the presence of the voltage ventricular hypertrophy criteria (Figure 2), in
the absence of other clear malignant criteria (T-wave inversion in inferior–lateral leads,
pathological Q waves, and left axis deviation) [11]. There was only a mild J-ST depression
in lead V6. For this reason, and because of the absence of family history, the diagnostic
flowchart was stopped.
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Figure 2. Resting ECG performed during sports screening. We can see Sokolow–Lyon Criteria for 
left ventricular hypertrophy (S wave in V1 + R wave in V5 or V6 ≥ 36 mm in male) and pathological 
J-ST depression in V6. There is possibly a J-ST depression in leads I and II, but we cannot be sure 
because of the quality of the resting ECG available. Finally, there is partial right bundle branch block 
(rSR’ pattern in V1–V2), but it is not a pathological finding. 

Probably, the presence of this mild J-ST depression in association with only voltage 
criteria for left ventricle hypertrophy in a young non-professional athlete practicing a low-
intensity sport [12] should have suggested a more accurate diagnostic screening with an 
echocardiogram. 

3. Case 2 
A 17-year-old Caucasian male with no SCD family history suffered from a cardiac 
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Italian sports medicine protocol in non-competitive athletes [10], was screened 4 months 
earlier, with only a rest ECG (Figure 3), without reporting anomalies. No syncope or 
tachycardia episodes were reported in his clinical history. The patient was promptly 
resuscitated with an effective AED discharge (200 J). In the hospital, a carefully 12-lead 
rest ECG analysis demonstrated short PR duration and the presence of delta wave. The 
electrophysiological study demonstrated an inducibility of an orthodromic 
atrioventricular reentrant tachycardia that soon degenerated into atrial fibrillation, with a 
very high ventricular response along a left accessory pathway (Figure 4), and this, in turn, 
rapidly degenerated into ventricular fibrillation (Figure 5) and then was interrupted with 
DC shock (Figure 6). The accessory pathway was effectively treated by radiofrequency 
ablation. Wolf–Parkinson–White patients with an ECG of difficult interpretation are 
common. A normal or at the lower limit (120–130 ms) PR interval may occur due to the 
presence of a long Kent bundle on the left side with delayed conduction [19]. A more 
careful ECG analysis during the screening should have made the suspicion of pre-
excitation because of the short PR interval and the delta wave slurring [20]. 

 

Figure 2. Resting ECG performed during sports screening. We can see Sokolow–Lyon Criteria for left
ventricular hypertrophy (S wave in V1 + R wave in V5 or V6 ≥ 36 mm in male) and pathological J-ST
depression in V6. There is possibly a J-ST depression in leads I and II, but we cannot be sure because
of the quality of the resting ECG available. Finally, there is partial right bundle branch block (rSR’
pattern in V1–V2), but it is not a pathological finding.

Probably, the presence of this mild J-ST depression in association with only voltage
criteria for left ventricle hypertrophy in a young non-professional athlete practicing a
low-intensity sport [12] should have suggested a more accurate diagnostic screening with
an echocardiogram.

3. Case 2

A 17-year-old Caucasian male with no SCD family history suffered from a cardiac
arrest during a non-competitive basketball match. The basketball player, according to the
Italian sports medicine protocol in non-competitive athletes [10], was screened 4 months
earlier, with only a rest ECG (Figure 3), without reporting anomalies. No syncope or
tachycardia episodes were reported in his clinical history. The patient was promptly re-
suscitated with an effective AED discharge (200 J). In the hospital, a carefully 12-lead
rest ECG analysis demonstrated short PR duration and the presence of delta wave. The
electrophysiological study demonstrated an inducibility of an orthodromic atrioventric-
ular reentrant tachycardia that soon degenerated into atrial fibrillation, with a very high
ventricular response along a left accessory pathway (Figure 4), and this, in turn, rapidly
degenerated into ventricular fibrillation (Figure 5) and then was interrupted with DC shock
(Figure 6). The accessory pathway was effectively treated by radiofrequency ablation.
Wolf–Parkinson–White patients with an ECG of difficult interpretation are common. A
normal or at the lower limit (120–130 ms) PR interval may occur due to the presence of
a long Kent bundle on the left side with delayed conduction [19]. A more careful ECG
analysis during the screening should have made the suspicion of pre-excitation because of
the short PR interval and the delta wave slurring [20].
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sports-related SCD. 

Figure 6. Electrophysiological Study: ventricular fibrillation interruption by external DC shock.

4. Case 3

A 29-year-old female swimming teacher regularly underwent pre-participation screen-
ing. She had always been asymptomatic and in good health. Afterward, when she was
swimming, she experienced an in-water cardiac arrest. She was soon rescued: CPR was
promptly started by her coach colleague, and soon she was defibrillated by the AED avail-
able. After this episode, she was admitted to the hospital, where she underwent a full
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cardiological evaluation. In particular, the coronary angiography and echocardiography
showed no anomalies, but the ECG (Figure 7) showed diffuse low voltages and right axis
deviation that were not present at previous ECGs. In addition, she underwent cardiac
magnetic resonance, which showed the presence of a large non-ischemic left ventricular scar
in absence of edema. It was compatible with previous myocarditis with an asymptomatic
course during the acute phase. It is possible that the inflammatory process involved the
myocardium after the last sports visit because older ECGs did not show these pathological
features. At the end of the diagnostic workup, the young patient had an S-ICD implanted
for secondary prevention (Boston Scientific, Marlborough, MA, USA).
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This case suggests that recurring sports evaluations, including at least one resting
ECG, increase the likelihood to unmask unknown pathologies, thus reducing the risk of
sports-related SCD.

5. Case 4

A 30-year-old male ex-competitive soccer player had always been in good health. He
did not complain of any cardiac symptoms during his career. Afterward, during an amateur
soccer match, he experienced an aborted SCD. Effective defibrillation was performed
with the aid of the AED available in the sports arena. During the hospitalization, he
underwent a resting ECG (Figure 8), showing right axis deviation, traces of early ventricular
repolarization in inferior leads, partial right bundle branch block, and negative T waves in
lateral leads (D1-aVL and V5–V6). Unfortunately, no previous ECGs for comparison were
available. Moreover, he underwent the following diagnostic tests without pathological
elements: echocardiography, coronary computed tomography, CMR imaging, IC-drug
challenge, screening for main genes of cardiomyopathies (also for Fabry disease) and
channelopathies, electrophysiological study (non-inducibility of ventricular arrhythmias
with ventricular programmed stimulation performed from two different sites in the right
ventricle, and double extra-stimulus with couplings up to ventricular refractoriness or
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up to 200 msec) and right ventricular endocardial mono/bi-polar voltage 3D mapping
(CARTO—Biosense Webster Inc, Irvine, CA, USA). Even a maximal exercise stress test did
not elicit ventricular arrhythmias. At the end of the diagnostic workup, the young patient
had a transvenous ICD implanted for secondary prevention. The diagnostic suspicion was
of Idiopathic Ventricular Fibrillation [21]. The prevention would have not been enough
to protect this patient. This case underlines the importance of AED in the sports arena to
practice sports safely.
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6. Discussion

The cases presented invite us to reflect on a topic that is often overlooked: the im-
portance of playing sports safely. Although sports activity generates psycho-physical
benefits, in some predisposed subjects, it can involve a risk of SCD [4,22–28]. Exercise
favors supraventricular arrhythmias, but especially ventricular ones, including ventricu-
lar fibrillation [29]. Ventricular fibrillation and sudden sports death occur in presence of
heart diseases or channelopathies, known or not, which generally allow normal or even
high-quality performance, are often asymptomatic but may nevertheless have SCD during
sports as a first manifestation [4,5,9]. In the presence of a cardiovascular anomaly, there
are Italian (COCIS) [10], European [11–13], and American [14] guidelines that provide
recommendations on how to behave to be eligible for sport. They are roughly similar.
The European and American guidelines indicate good practice for people engaging in
physical activity at various levels, not only at the competitive level. In contrast, the COCIS
guidelines refer specifically to competitive athletes in various sports, including those with
high cardiovascular stress.

The different guidelines have areas of overlap, especially the Italian and European
ones, also because the latter’s drafting involved many Italian experts. However, differences
also exist: American guidelines tend to be less restrictive and more permissive than the
Italians ones, for example. All guidelines are not law, but they contain somewhat flexible
recommendations. Practically speaking, in the case of legal disputes, the judges largely
consult them. Thus, it is mandatory to know them and take them into account in clinical
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practice. Conversely, the greater restrictiveness of the COCIS can be explained by the fact
that, in contrast to other states, only in Italy there is the figure of the sports physician
who is responsible for the certificate of fitness for competitive sports. The other guidelines
mentioned represent only a tool through which the cardiologist can recommend or not a
certain sport activity based on the subject’s heart disease.

We believe that it is correct to stratify the risk of SCD in any category of athlete, whether
amateur or competitive, recognizing the need for a certificate of fitness for competitive
ones (to be drawn up by consulting protocols such as the COCIS) and the good practice
of screening for all the other categories, looking for cardiopathies/channelopathies, as
prompted by American or European guidelines.

Some diseases can be promptly anticipated by practicing primary prevention or can be
promptly treated in such a way as to positively alter their courses, for example, by practicing
secondary prevention. In particular, pre-participation screening represents the possibility to
monitor athletes at risk of SCD and therefore stop their participation in competitions. This
screening is not massively carried out for athletes but follows its own rules according to the
countries and the type of sporting activity. Sudden death in athletes is a rare phenomenon
(each year, 1–3/100.000 competitive athletes aged <35 years worldwide) [1–3], and it is not
clear whether mass screening is cost-effective. In Italy, screening is performed by law for
competitive sports and recently also for non-competitive ones [15,16]. In contrast, screening
is not mandatory in the United States, by a principle of “self-determination” according to
which anyone can play sports even if this may involve a risk of SCD. However, the ECG, a
simple, short, easily accessible, and inexpensive exam, is sufficient in most cases to obtain
clues about the presence of a heart disease or a channelopathy that involves a risk of
SCD during sports. As early as 1997, Fuller et al. demonstrated the greatest efficacy of
ECG rather than cardiological history and inspection/auscultation during a screening of
5615 high-school athletes for SCD risk [30]. Pelliccia et al. have proven that 12-lead ECG
seems efficient in identifying young athletes with hypertrophic cardiomyopathy, leading
to their timely disqualification from competitive sports [31]. In line with this, Cases 1, 2,
and 3 are examples of how a careful and correct reading of the ECG could have led to a
further diagnosis and maybe even could have helped avoid cardiac arrest. Therefore, it
would be advisable for anyone who approaches sports, even as a hobby, to perform an ECG.
Access must be free and strongly encouraged by information campaigns, and it would be
of great value if it were offered free of charge in view of a spreading prevention. In light of
a screening perspective, automatic ECG evaluation using artificial intelligence algorithms
may be a promising tool [32]. Furthermore, attention must be paid to the correct execution
of the 12-lead resting ECG: standard positioning and filters of the leads and no artifacts are
not negligible to have a high-quality ECG and to be able to evaluate even subtle anomalies
(e.g., QRS notching or slurring, mild delta or epsilon waves, small changes in J-ST segment
or QT(c) duration, etc.).

Therefore, worldwide there is a variable percentage of subjects who play sports
activities without the awareness of being suitable or not. On the other hand, as already
stated, it is impossible to widely extend the habit of screening or a sports fitness visit to
anyone and for any type of activity. Very often, sports are free and carried out outside
sports infrastructures; for example, some people play them during free time. At the same
time, amateur sports activities have no lower risk than competitive ones: we know for
sure that most sudden deaths occur during amateur sports, which are often practiced
outdoors and even in the most remote and isolated places [33]. Hence, there is an important
need for greater availability of AEDs and people who are ready to practice basic life
support–defibrillation (BLS–D), thus aiming for a scenario that can be defined as “widespread
cardioprotection”. The need for sports-related SCD secondary prevention also arises from
the fact that pre-participation evaluation may fail to recognize subjects at risk of sports-
related SCD. It is not trivial. Case 4 is an example of a subject with a pathological resting
ECG who nevertheless showed no signs of structural heart disease or channelopathy on
diagnostic tests (although performed retrospectively after the aborted SCD event). The case,
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once again, and together with the others presented, marks the importance of resting ECG
evaluation in intercepting subjects potentially at risk (given the presence of ECG-graphic
alterations worthy of further diagnostics). On the other hand, all of these cases invite us to
reflect on the imperative need for AEDs and CPR to be available during sports activities.

Borjesson et al. surveyed the emergency cardiovascular care at major sporting arenas
in Europe, questioning the emergency planning, availability of AEDs, emergency personnel,
and distance to the nearest hospital. Only 64% of major soccer arenas had a written medical
action plan for cardiac arrest, and 72% had on-site AEDs. In addition, approximately 25%
of the arenas situated longer than 10 min from the nearest hospital did not have an on-site
AED [33]. These findings led to the development of European consensus recommendations
on cardiovascular safety in sports arenas [17,18].

Moreover, what if cardiac arrest occurs outside a “cardioprotected” center?
To gain “widespread cardioprotection”, we need to increase the number of people who

are able to recognize cardiac arrest and who can start CPR maneuvers. Most cardiac arrests
occur in the presence of witnesses who could act as potential rescuers. In Europe, the
average percentage of arrests witnessed is 66%. If, in Europe, witnesses intervened in all
of these cases, instead of less than half, they could save about 100,000 people a year (data
from EuReCa One Registry) [34].

Awareness and education are the keywords to spread the skills of BLS–D among people.
The media coverage of athletes suffering from cardiac arrest during competitions

plays in favor of raising awareness of the problem. In addition, various countries promote
awareness campaigns on the issue. For example, in Italy, since 2013, the Italian Resuscitation
Council (IRC) has carried out “Viva! La settimana per la rianimazione cardiopolmonare”
(or “Viva! The week for cardiopulmonary resuscitation”); and since 2012, the European
Parliament has promoted October 16 as the day for CPR. Later, this date gained worldwide
recognition with the “World Restart a Heart Day”.

Awareness and education are crucial, particularly in some specific contexts such as
school and driving license [35]. If the correct information for overcoming motivational
barriers (such as unawareness of the functioning of AEDs and the benefits of early CPR,
reassurance about the personal and legal consequences of the intervention, etc.) are offered
to start from school age, it is more likely that they will become familiar and helping will
be perceived as a shared and desirable attitude [36]. It is important to point out how the
compulsory training increases the number of trained individuals: a research in the USA
highlights that the number of people trained to perform CPR maneuvers was higher in
states where there is a law that makes CPR training mandatory, especially at school, at an
appropriate age [37]. In this view, incentivizing training in BLS–D at school, at the maturity
age or upon receiving a driving license, has a key role in the education of as many people
as possible.

To summarize, many victims of cardiac arrest die because they do not receive the
necessary help in time.

To increase the number of survivors (currently very low), it is necessary to increase the
number of potential rescuers who are able to recognize cardiac arrest, at least starting chest
compressions and applying an AED as soon as possible. In addition, the dissemination of
AEDs is essential for this purpose, as well as the promotion of their use not only by trained
people. Capucci et al. showed that allowing volunteers not trained in BLS–D to use AEDs
tripled the survival rate of out-of-hospital SCD (Piacenza Progetto Vita (or Piacenza Life
Project)] [38]. This aim requires equipping the AEDs stations with instructions necessary
for their correct use and/or giving volunteer rescuers the opportunity to interact with
emergency responders (e.g., 118 or 911) through calls or video-calls to receive assistance in
real time.

Greater accessibility to AEDs can be achieved not only by increasing their number by
placing them in “hot” fixed places such as squares, schools, and public offices but also in
private buildings (both business and residential) in such a way as to have a homogeneous
density and distribution proportional to the local population. Tax incentives from the state



J. Clin. Med. 2022, 11, 4683 10 of 12

to individuals for AEDs purchases are of great importance. An interesting possibility is the
use of medical drones to deliver AEDs in the place where cardiac arrest occurred [39]. In a
lot of countries, the AEDs availability in sports infrastructures and during competitions is
required by law [17,18], but it should be put into practice in all countries.

All the AEDs available in any territory must be registered, and a list of them can be
consulted in real time by the rescuers. In this regard, APPs for smartphones have been
developed for the geolocation of AEDs. For example, the DAE RespondER app, which is
promoted by the Italian region Emilia-Romagna, was revealed to be very useful [40].

The Italian city Piacenza has become an example and a model thanks to the “Progetto
Vita” (or “Life Project”). It is the most cardio-protected city in Europe, with nearly
1000 AEDs distributed in the city (1 AED per 327 inhabitants) and an out-of-hospital
cardiac arrest mortality rate four times lower than the average (online available at: https:
//www.defibrillatori.info/piacenza-la-citta-del-cuore/ from 3 December 2020).

The compilation of cardiac arrest records (with data collected from witnesses, rescuers,
emergency services, pathologists, etc.) is a very useful tool to improve rescue measures.
For this purpose, two registers, EuReCa One (closed) and EuReCa Two (ongoing), have
been made.

Finally, we should to raise awareness toward behavioral follow-up for the prevention
of drug abuse among athletes that can lead to heart problems or SCD after sport. In
fact, in 2014, Maron et al. pointed out that, among young sports people, SCD occurs
more frequently for causes such as suicide and drugs than for established cardiovascular
causes [41].

7. Conclusions

Playing sports is a good habit but can be dangerous at all ages in the case of known or
unknown cardiac pathologies. Periodic medical examinations are mandatory for athletes,
but the importance of primary prevention has a limitation due to the difficulty to extend a
mass screening. In a recent editorial, M. Ackerman advocates for the proactive identification
for athletes at risk for SCD: not to “screen, identify, and disqualify” but to “screen, identify,
risk stratify, and treat” [28]. However, screening is not enough to reduce sports-related SCD,
and so we must also promote secondary prevention, not only creating “cardioprotected”
infrastructures but also increasing the broad availability of AEDs and people trained
in BLS–D.

Author Contributions: Conceptualizations, A.G.R. and L.S.; Data curation, Z.P.; Funding acquisition,
M.P. and S.R.; Resources, M.N., R.M.T., E.C.; Supervision, P.D., M.P., S.R. and L.S.; Writing—original
draft, A.G.R. and Z.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: The authors state that they have obtained verbal and written informed
consent from the patients for the inclusion of their medical history and imaging details within
this paper.

Data Availability Statement: The data that support the findings of this article are available from the
corresponding author, [S.R.], upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Borjesson, M.; Pelliccia, A. Incidence and etiology of sudden cardiac death in young athletes: An international perspective. Br. J.

Sports Med. 2009, 43, 644–648. [CrossRef]
2. Berdowski, J.; De Beus, M.F.; Blom, M.; Bardai, A.; Bots, M.L.; Doevendans, P.A.; Grobbee, D.E.; Tan, H.L.; Tijssen, J.G.P.; Koster,

R.W.; et al. Exercise-related out-of-hospital cardiac arrest in the general population: Incidence and prognosis. Eur. Heart J. 2013,
34, 3616–3623. [CrossRef]

3. Harmon, K.G.; Drezner, J.A.; Wilson, M.; Sharma, S. Incidence of sudden cardiac death in athletes: A state-of-the-art review. Heart
2014, 100, 1227–1234. [CrossRef]

https://www.defibrillatori.info/piacenza-la-citta-del-cuore/
https://www.defibrillatori.info/piacenza-la-citta-del-cuore/
http://doi.org/10.1136/bjsm.2008.054718
http://doi.org/10.1093/eurheartj/eht401
http://doi.org/10.1136/heartjnl-2014-093872.rep


J. Clin. Med. 2022, 11, 4683 11 of 12

4. Corrado, D.; Basso, C.; Rizzoli, G.; Schiavon, M.; Thiene, G. Does sports activity enhance the risk of sudden death in adolescents
and young adults? J. Am. Coll. Cardiol. 2003, 42, 1959–1963. [CrossRef] [PubMed]

5. Corrado, D.; Basso, C.; Thiene, G. Essay: Sudden death in young athletes. Lancet 2005, 366 (Suppl. S1), S47–S48. [CrossRef]
6. Sheikh, N.; Sharma, S. Overview of sudden cardiac death in young athletes. Phys. Sportsmed. 2011, 39, 22–36. [CrossRef] [PubMed]
7. Maron, B.J.; Epstein, S.E.; Roberts, W.C. Causes of sudden death in competitive athletes. J. Am. Coll. Cardiol. 1986, 7, 204–214.

[CrossRef]
8. Burke, A.P.; Farb, A.; Virmani, R.; Goodin, J.; Smialek, J.E. Sports-related and non-sports-related sudden cardiac death in young

adults. Am. Heart J. 1991, 121, 568–575. [CrossRef]
9. Maron, B.J.; Doerer, J.J.; Haas, T.S.; Tierney, D.M.; Mueller, F.O. Sudden death in young competitive athletes: Analysis of 1866

deaths in the United States, 1980–2006. Circulation 2009, 119, 1085–1092. [CrossRef] [PubMed]
10. Delise, P.; Mos, L.; Sciarra, L.; Basso, C.; Biffi, A.; Cecchi, F.; Colivicchi, F.; Corrado, D.; D’Andrea, A.; Di Cesare, E.; et al. Italian

Cardiological Guidelines (COCIS) for Competitive Sport Eligibility in athletes with heart disease: Update 2020. J. Cardiovasc. Med.
2021, 22, 874–891. [CrossRef]

11. Mont, L.; Pelliccia, A.; Sharma, S.; Biffi, A.; Borjesson, M.; Terradellas, J.B.; Carré, F.; Guasch, E.; Heidbuchel, H.; Gerche, A.; et al.
Pre-participation cardiovascular evaluation for athletic participants to prevent sudden death: Position paper from the EHRA and
the EACPR, branches of the ESC. Endorsed by APHRS, HRS, and SOLAECE. Europace 2017, 19, 139–163. [CrossRef] [PubMed]

12. Pelliccia, A.; Solberg, E.E.; Papadakis, M.; Adami, P.E.; Biffi, A.; Caselli, S.; La Gerche, A.; Niebauer, J.; Pressler, A.; Schmied, C.M.;
et al. Recommendations for participation in competitive and leisure time sport in athletes with cardiomyopathies, myocarditis,
and pericarditis: Position statement of the Sport Cardiology Section of the European Association of Preventive Cardiology
(EAPC). Eur. Heart. J. 2019, 40, 19–33. [CrossRef] [PubMed]

13. Borjesson, M.; Dellborg, M.; Niebauer, J.; LaGerche, A.; Schmied, C.; Solberg, E.E.; Halle, M.; Adami, P.E.; Biffi, A.; Carré, F.; et al.
Brief recommendations for participation in leisure time or competitive sports in athletes-patients with coronary artery disease:
Summary of a Position Statement from the Sports Cardiology Section of the European Association of Preventive Cardiology
(EAPC). Eur. J. Prev. Cardiol. 2020, 27, 770–776. [CrossRef]

14. Maron, B.J.; Zipes, D.P. 36th Bethesda Conference: Eligibility recommendations for competitive athletes with cardiovascular
abnormalities. J. Am. Coll. Cardiol. 2005, 45, 1312–1375. [CrossRef]

15. Ministero della Salute. Norme per la Tutela Sanitaria Dell’attività Sportiva Agonistica; G.U. Serie Generale n. 63, 05-03-1982; Gazz
Uffic: Lazio, Italy, 1982.

16. Ministero della Salute. Linee Guida di Indirizzo in Materia di Certificati Medici per L’attività Sportiva non Agonistica; G.U. Serie
Generale n. 243, 18-10-2014; Gazz Uffic: Lazio, Italy, 2014.

17. Borjesson, M.; Serratosa, L.; Carre, F.; Corrado, D.; Drezner, J.; Dugmore, D.L.; Heidbuchel, H.H.; Mellwig, K.-P.; Panhuyzen-
Goedkoop, N.M.; Papadakis, M.; et al. Consensus document regarding cardiovascular safety at sports arenas: Position stand
from the European Association of Cardiovascular Prevention and Rehabilitation (EACPR), section of Sports Cardiology. Eur.
Heart J. 2011, 32, 2119–2124. [CrossRef]

18. Ministero della Salute. Disposizioni Urgenti Per Promuovere Lo Sviluppo Del Paese Mediante Un Più’ Alto Livello Di Tutela Della Salute;
G.U. Serie Generale n. 214, 13-09-2012; Gazz Uffic: Lazio, Italy, 2012.

19. Aursulesei, S.; Simu, G.; Florea, C.; Boarescu, P.; Gheorghiu, C.; Frangu, F.; Cismaru, G.; Puiu, M.; Rosu, R.; Zdrenghea, D.; et al.
Variation of the PR interval for confirming ventricular pre-excitation on a 12-lead ECG. Oxf. Med. Case Reports 2018, 2018, omy064.
[CrossRef]

20. Fitzpatrick, A.P. The ECG in Wolff-Parkinson-White syndrome. Pacing Clin. Electrophysiol. 1995, 18, 1469–1473. [CrossRef]
[PubMed]

21. Haïssaguerre, M.; Duchateau, J.; Dubois, R.; Hocini, M.; Cheniti, G.; Sacher, F.; Lavergne, T.; Probst, V.; Surget, E.; Vigmond, E.;
et al. Idiopathic Ventricular Fibrillation: Role of Purkinje System and Microstructural Myocardial Abnormalities. JACC Clin.
Electrophysiol. 2020, 6, 591–608. [CrossRef]

22. Merghani, A.; Malhotra, A.; Sharma, S. The U-shaped relationship between exercise and cardiac morbidity. Trends Cardiovasc.
Med. 2016, 26, 232–240. [CrossRef] [PubMed]

23. Corrado, D.; Basso, C.; Pavei, A.; Michieli, P.; Schiavon, M.; Thiene, G. Trends in sudden cardiovascular death in young
competitive athletes after implementation of a preparticipation screening program. JAMA 2006, 296, 1593–1601. [CrossRef]

24. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.; Corrà, U.; Cosyns, B.; Deaton, C.;
et al. ESC Scientific Document Group. Eur. Heart. J. 2016, 37, 2315–2381. [CrossRef]

25. Peruzzi, M.; Sanasi, E.; Pingitore, A.; Marullo, A.G.; Carnevale, R.; Sciarretta, S.; Sciarra, L.; Frati, G.; Cavarretta, E. An overview
of cycling as active transportation and as a benefit for health. Minerva Cardioangiol. 2020, 68, 81–97. [CrossRef]

26. Vicent, L.; Ariza-Solé, A.; González-Juanatey, J.R.; Uribarri, A.; Ortiz, J.; López de Sá, E.; Sans-Roselló, J.; Querol, C.T.; Codina, P.;
Sousa-Casasnovas, I.; et al. Cardiac Arrest and Myocardial Infarction Notified After Marathon Or Similar effort (CAMINAMOS)
registry. Exercise-related severe cardiac events. Scand. J. Med. Sci. Sports 2018, 28, 1404–1411. [CrossRef] [PubMed]

27. Martínez-Sellés, M.; Lucia, A. Exercise and heart. In medium virtus est? Int. J. Cardiol. 2019, 286, 143–144. [CrossRef]
28. Ackerman, M.J.; Giudicessi, J.R. Sudden Cardiac Arrest in Sport: Reactive Success Versus Proactive Failure? J. Am. Coll. Cardiol.

2022, 79, 247–249. [CrossRef]

http://doi.org/10.1016/j.jacc.2003.03.002
http://www.ncbi.nlm.nih.gov/pubmed/14662259
http://doi.org/10.1016/S0140-6736(05)67847-6
http://doi.org/10.3810/psm.2011.11.1936
http://www.ncbi.nlm.nih.gov/pubmed/22293765
http://doi.org/10.1016/S0735-1097(86)80283-2
http://doi.org/10.1016/0002-8703(91)90727-Y
http://doi.org/10.1161/CIRCULATIONAHA.108.804617
http://www.ncbi.nlm.nih.gov/pubmed/19221222
http://doi.org/10.2459/JCM.0000000000001186
http://doi.org/10.1093/europace/eux055
http://www.ncbi.nlm.nih.gov/pubmed/28383658
http://doi.org/10.1093/eurheartj/ehy730
http://www.ncbi.nlm.nih.gov/pubmed/30561613
http://doi.org/10.1177/2047487319876186
http://doi.org/10.1016/j.jacc.2005.02.006
http://doi.org/10.1093/eurheartj/ehr178
http://doi.org/10.1093/omcr/omy064
http://doi.org/10.1111/j.1540-8159.1995.tb06732.x
http://www.ncbi.nlm.nih.gov/pubmed/7479167
http://doi.org/10.1016/j.jacep.2020.03.010
http://doi.org/10.1016/j.tcm.2015.06.005
http://www.ncbi.nlm.nih.gov/pubmed/26187713
http://doi.org/10.1001/jama.296.13.1593
http://doi.org/10.1093/eurheartj/ehw106
http://doi.org/10.23736/S0026-4725.20.05182-8
http://doi.org/10.1111/sms.13037
http://www.ncbi.nlm.nih.gov/pubmed/29237243
http://doi.org/10.1016/j.ijcard.2019.04.002
http://doi.org/10.1016/j.jacc.2021.11.012


J. Clin. Med. 2022, 11, 4683 12 of 12

29. Wundersitz, D.; Williamson, J.; Nadurata, V.; Nolan, K.; Lavie, C.; Kingsley, M. The impact of a 21-day ultra-endurance ride on
the heart in young, adult and older adult recreational cyclists. Int. J. Cardiol. 2019, 286, 137–142. [CrossRef] [PubMed]

30. Fuller, C.M.; McNulty, C.M.; Spring, D.A.; Arger, K.M.; Bruce, S.S.; Chryssos, B.E.; Drummer, E.M.; Kelley, F.P.; Newmark, M.J.;
Whipple, G.H. Prospective screening of 5,615 high school athletes for risk of sudden cardiac death. Med. Sci. Sports Exerc. 1997,
29, 1131–1138. [CrossRef]

31. Pelliccia, A.; Di Paolo, F.M.; Corrado, D.; Buccolieri, C.; Quattrini, F.M.; Pisicchio, C.; Spataro, A.; Biffi, A.; Granata, M.;
Maron, B.J. Evidence for efficacy of the Italian national pre-participation screening programme for identification of hypertrophic
cardiomyopathy in competitive athletes. Eur. Heart J. 2006, 27, 2196–2200. [CrossRef] [PubMed]

32. Castelli, V.; Gnerre Musto, T. La Morte Cardiaca Improvvisa in Ambito Sportivo in Italia: Luci ed Ombre. J. Sports Cardiol. 2013,
10, 1.

33. Borjesson, M.; Dugmore, D.; Mellwig, K.-P.; Van Buuren, F.; Serratosa, L.; Solberg, E.E.; Pelliccia, A. Time for action regarding
cardiovascular emergency care at sports arenas: A lesson from the Arena study. Eur. Heart J. 2010, 31, 1438–1441. [CrossRef]

34. Gräsner, J.T.; Lefering, R.; Koster, W.R.; Masterson, S.; Böttiger, B.W.; Herlitz, J.; Wnent, J.; Tjelmeland, I.B.M.; Ortiz, F.R.; Maurer,
H. EuReCa ONE-27 Nations, ONE Europe, ONE Registry: A prospective one month analysis of out-of-hospital cardiac arrest
outcomes in 27 countries in Europe. Resuscitation 2016, 105, 188–195, Corrigendum. Resuscitation 2016, 109, 145–146. [CrossRef]
[PubMed]

35. Wissenberg, M.; Lippert, F.K.; Folke, F.; Weeke, P.; Hansen, C.M.; Christensen, E.F.; Torp-Pedersen, C.; Jans, H.; Hansen, P.A.;
Olesen, J.B.; et al. Association of national initiatives to improve cardiac arrest management with rates of’ bystander intervention
and patient survival after out-of-hospital cardiac arrest. JAMA 2013, 310, 1377–1384. [CrossRef] [PubMed]

36. Lubin, J.; Chung, S.; Williams, K. An assessment of public attitudes toward automated external defibrillators. Resuscitation 2004,
62, 43–47. [CrossRef] [PubMed]

37. Alexander, T.D.; McGovern, S.K.; Leary, M.; Abella, B.S.; Blewer, A.L. Association of state-level CPR training initiatives with
layperson CPR knowledge in the United State. Resuscitation 2019, 140, 9–15. [CrossRef] [PubMed]

38. Capucci, A.; Aschieri, D.; Piepoli, M.F.; Bardy, G.H.; Iconomu, E.; Arvedi, M. Tripling survival from sudden cardiac arrest via
early defibrillation without traditional education in cardiopulmonary resuscitation. Circulation 2002, 106, 1065–1070. [CrossRef]

39. Ryan, J.P. The feasibility of medical unmanned aerial systems in suburban areas. Am. J. Emerg. Med. 2021, 50, 532–545. [CrossRef]
40. Del Giudice, D.; Semeraro, F.; Ristagno, G.; Picoco, C.; Cordenons, F.; Dell’Arciprete, O.; Mora, F.; Scapigliati, A.; Gordini, G. DAE

RespondER: The Emilia Romagna app for a regional “community saving lives” system. Resuscitation 2019, 145, 34–36. [CrossRef]
41. Maron, B.J.; Haas, T.S.; Murphy, C.J.; Ahluwalia, A.; Rutten-Ramos, S. Incidence and causes of sudden death in U.S. college

athletes. J. Am. Coll. Cardiol. 2014, 63, 1636–1643. [CrossRef]

http://doi.org/10.1016/j.ijcard.2019.03.016
http://www.ncbi.nlm.nih.gov/pubmed/30904280
http://doi.org/10.1097/00005768-199709000-00003
http://doi.org/10.1093/eurheartj/ehl137
http://www.ncbi.nlm.nih.gov/pubmed/16831826
http://doi.org/10.1093/eurheartj/ehq006
http://doi.org/10.1016/j.resuscitation.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27321577
http://doi.org/10.1001/jama.2013.278483
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://doi.org/10.1016/j.resuscitation.2004.02.006
http://www.ncbi.nlm.nih.gov/pubmed/15246582
http://doi.org/10.1016/j.resuscitation.2019.04.037
http://www.ncbi.nlm.nih.gov/pubmed/31059748
http://doi.org/10.1161/01.CIR.0000028148.62305.69
http://doi.org/10.1016/j.ajem.2021.08.064
http://doi.org/10.1016/j.resuscitation.2019.10.002
http://doi.org/10.1016/j.jacc.2014.01.041

	Introduction 
	Case 1 
	Case 2 
	Case 3 
	Case 4 
	Discussion 
	Conclusions 
	References

