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Abstract

Elite young athletes with clinically silent cardiovascular disorders are at risk of sudden cardiac
death (SCD) in competitive sports activity. SCD is caused by a variety of conditions; in middle-
aged/senior athletes, atherosclerotic coronary artery disease accounts for the vast majority of
cases. In younger athletes, the spectrum of SCD causes is broader and includes inherited
(cardiomyopathies) and congenital structural heart disease. Inherited ion channelopathies have
been implicated also, with an apparently normal heart morphology identified at autopsy. SCD
screening allows identification of athletes affected by occult conditions at a pre-symptomatic
stage, and may lead to reduction of risk of SCD during sporting competition or training. The
use of modern criteria for interpretation of the electrocardiogram (ECG) offers the potential to
improve screening accuracy by reducing the number of false positives. Exercise testing in
middle aged/senior athletes engaged in leisure sports activity is likely to be effective in
screening significant coronary risk factors, while it is less effective in lower risk groups.
Besides screening, the availability of automated external defibrillators at sporting environments

is a preventative strategy to help intervene during unexpected cardiac arrest.
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Introduction

The occurrence of a young, apparently healthy athlete dying of sudden cardiac death (SCD) during
a competitive sporting activity is a shocking and deeply emotive occurrence [1-4]. The leading
cause of death in this population is an underlying structural cardiac disease [5], triggering SCD
during physical exertion [6]. Less prevalent non-cardiac causes relate to asthma (or other
pulmonary conditions), heat stroke, drug abuse, cerebral embolism, and ruptured cerebral artery,
amongst other causes [7,8].

The athlete’s heart is defined by the physiologic adaptation in heart structure during sports
participation over time [9-11]. These physiologic adaptations can vary between athletes due to a
multitude of factors including genetic differences, types of training, and age and sex [12-15].
These adaptations can be harmful in athletes with inherited congenital heart disease, and manifest
as pathological as opposed to physiological adaptations. The aim of the present mini-review was

to identify the main causes of SCD in young athletes during competitive sports activities.

Material & Methods

A literature search was conducted using PubMed and ISI Web of Science databases [16]. The
following search terms were used: ‘young athletes and cardiac’, ‘sudden death in young’, ‘cardiac
death and sport’, ‘competitive sports and death’. Included reports and important reviews regarding
sudden death and athletes were manually screened for additional relevant studies. Experts in the
field, including authors from the included reports, were also requested to suggest any additional
trials in order to ensure that the review was as comprehensive and up-to-date as possible. Only

studies published in English were included.

1. Exercise and SCD



The risk of SCD in young athletes is twice as high as in young non-athletes [17]. The most
prevalent congenital cardiac conditions which can lead to SCD include hypertrophic
cardiomyopathy, arrythmogenic right ventricular cardiomyopathy, congenital coronary anomalies,
and aortic rupture [18,19]. Preventive strategies and accurate decision-making are essential for
reducing the incidence of SCD in young athletes. Primary prevention may be feasible using pre-
competition assessments based on advanced screening methods according to international criteria
[20,21]. These criteria are designed and developed for the evaluation of male athletes. In females,
less developed criteria currently exist. Besides preventative strategies, availability of AED and
trained medical staff in cardiopulmonary resuscitation during sporting events is essential for

reducing the incidence of SCD [22,23] (Table 1).

2. Mortality reduction by pre-participation screening
Both the American Heart Association and the European Society of Cardiology consensus panel
recommendations agree that cardiovascular screening for young competitive athletes is justifiable
and compelling based on ethical, legal, and medical grounds [24]. Screening athletes solely on
history and physical examination has limited sensitivity to identify the higher risk cases because
most athletes with undetected cardiovascular disease are asymptomatic [25]. The addition of 12-
lead ECG alongside history and physical examination enhances the power of screening for the
detection of athletes with cardiomyopathies, channelopathies, and pre-excitation syndromes at rest

or during exercise testing [26] (Table 1).

3. Undetected causes of SCD
Autopsy studies have reported that the cause of SCD in young athletes remains undetermined in
up to 40% of cases [27]. Inherited ion-channel disease leading to ventricular fibrillation in the

absence of structural heart abnormalities may be responsible for some of these unidentified cases.



Other representative examples of these ‘hidden’ causes include so-called ‘non-ischemic, isolated
left ventricular (LV) scar’ and ‘arrhythmic mitral valve pro-lapse’. The former of these conditions
can be associated with life-threatening arrhythmias and SCD [28,29]. A recent autopsy study
reported a prevalence of 25% in young athletes dying from SCD during exercise [30]. The
diagnostic power of routine pre-participation screening for non-ischemic, isolated left ventricular
(LV) scar is limited because ECG changes and echocardiographic LV systolic dysfunction, either
regional or global, are not clearly identifiable in affected patients [30]. The lack of accurate pre-
participation screening makes this condition one of the most challenging and unpredictable causes
of SCD during sporting activities, as shown by the tragic loss of a professional Italian soccer player

in 2012 [5,6,30] (Table 1).

4. SCD in older athletes
The risk of sports-related acute cardiovascular events, including SCD, increases exponentially in
individuals aged >35 years. The main reason for SCD in this population is almost exclusively
related to the development and progression of atherosclerotic coronary artery disease [30].
Identification of coronary artery disease in asymptomatic middle-aged and senior athletes may be
challenging to detect through traditional screening methods [31]. The main causes of SCD are

shown in Figure 1.
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Figure 1. Causes of SCD in young athletes [32]

Exercise testing with ECG is perhaps the most commonly used test due to its widespread
availability and relatively low cost [33,34]. However, test accuracy for detection of coronary
artery disease is challenging within the general population. The test accuracy for identifying
coronary artery disease increases if participants have multiple other cardiovascular risk factors.
According to current recommendations for pre-participation cardiovascular evaluation, the
assessment of risk is based on age, sex, blood pressure, blood cholesterol, and smoking history,
using available scoring systems such as the ESC Systematic Coronary Risk Evaluation (SCORE)
[35]. Maximal exercise testing (and possibly further cardiologic evaluations) should be reserved
for those individuals embarking in moderate/intense physical activity who show an increased risk

for coronary events [27,36] (Table 1).

Table 1: Brief summary of existing articles



Author/year Title Focus Conclusions
Lampert & Zipes, | Updated A review of current | Risks associated with
2018 recommendations for | guidelines and | contact sports should

athletes with heart | recommendations for | be more thoroughly

disease athletes considered
Mavrogeni, Sudden cardiac death | A review of previous | Variety of factors that
Bacopoulou, in athletes and the role | reports and position | can lead to SCD
Apostolaki, & | of cardiovascular | statements

Chrousos, 2018

magnetic
imaging

resonance

Catto, Dessanai,
Sommariva, Tondo,
& Dello Russo, 2019

S-ICD is effective for
reducing the risk of
sudden cardiac death
in young athletes with
arrhythmogenic
cardiomyopathy

Two male elite
athletes between 20-
21 years old

Physical activity may
increase the risk of
SCD

Sweeting &
Semsarian, 2018

Sudden cardiac death
in athletes

A review of previous
reports

The process/protocol
for dealing with
sudden cardiac events
is key to positive
outcomes

Post et al., 2019

A comparison  of
emergency
preparedness between
high school coaches
and club sport
coaches

A total of 769 coaches
were included

Further  work is
required to raise the
awareness of risks of
sudden cardiac death
in high schools and
clubs

Vancini et al., 2019

Prevention of sudden
death related to sport:
The science of basic
life  support—from
theory to practice

A review  paper
focused on  risk
factors associated
with SCD

Increasing knowledge
and education of
coaches with regards
basic life support may
help reduce risks of
SCD.

Cater et al., 2018

Perspectives on pre-
participation
cardiovascular
screening in  young
competitive athletes

Twenty-three athletic
therapists,12 coaches,
six physicians, and
five associated
personnel participated
in a survey

Pre participation
cardiovascular

screening is key to
reducing risks
associated with SCD.

Maron, Friedman, &

Ethics of

An opinion paper with

Screening should be

Caplan, 2015 preparticipation key recommendations | undertaken for all
cardiovascular groups to reduce risks
screening for athletes of SCD

Van Brabandt, | Potential risks and | Summary of risks and | Do risks/costs

Desomer, Gerkens, & | benefits of screening | benefits  associated | outweigh the benefits

Neyt, 2016 young people to | with pre-participation | of  pre-participation
prevent SCD screening for non- | cardiac screening?

professional athletes




Corrado & Zorzi, | An overview of | Short communication | Understanding

2017 sudden cardiac death | based on previous | individual cardiac
in athletes reports history could be

useful to determine
the potential risks of
SCD.

Corrado & Zorzi, | Sudden death in | A short report based | Understanding

2018 athletes on previous research | individual cardiac
history could be
useful to determine
the potential risks of
SCD.

Barry etal., 2018 Incidence and | A retrospective | Pre-season screening
predictors of | review of exercise | is essential for all
clinically important | tests performed | athletes
and dangerous | between 2013-2015
arrhythmias  during
exercise testing in
young people with
congenital heart
disease

Morrison et al., 2016 | Cardiovascular pre- | International Pre-participation
participation recommendations and | screening is accepted
screening and risk | a Canadian | by Canada and is key

assessment in masters
athletes: International
recommendations and
a Canadian
perspective

perspective on pre-
participation cardiac
screening

to reducing the risk of
sudden cardiac events

Sharma et al., 2017

International criteria
for
electrocardiographic
interpretation in

athletes

An international
report  based on
experts opinion

Abnormal ECGs
should be thoroughly
investigated




Table 2: Main reasons of sudden cardiac death in young athletes

Young competitive athlete » Commotio cordis Masters athlete
*Hypertrophic * Arrhythmic heart disease | * Coronary artery disease
cardiomyopathy (including Wolff- | « Dilated cardiomyopathy

*  Arrhythmogenic  right | ParkinsonWhite  syndrome, | « Hypertensive heart disease

ventricular cardiomyopathy long QT syndrome, short QT | » Myocarditis

. Idiopathic dilated | syndrome, Brugada
cardiomyopathy syndrome)
* Myocarditis catecholaminergic
* Coronary artery anomalies | polymorphic ventricular
* Aortic dissection tachycardia

Conclusion

Effective pre-participation screening strategies are essential for reducing the risk of SCD in young
athletes. A combination of ECG, physical examination, and assessment of family history can help
identify individuals who may be at greater risk of SCD. However, some cardiac conditions may
be difficult to identify through traditional screening methodologies. Within a sporting context,
continuing education and training of coaching and medical staff remain paramount to ensure that

any occult cardiac cases are dealt with as effectively as possible.

10



References

[1]

[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Finocchiaro G, Papadakis M, Robertus J-L, Dhutia H, Steriotis AK, Tome M, Mellor G,
Merghani A, Malhotra A, Behr E. Etiology of sudden death in sports: insights from a
United Kingdom regional registry. Journal of the American College of Cardiology.
2016;67(18):2108-15.

Webster G, Carberry T, Berger S. Screening for prevention of sudden death in the young:
what is new? Current opinion in cardiology. 2020;35(1):80-6.

Fedacko J, Pella D, Singh RB, Bohus B, Rybar R, Pella J, Fedackova P, Trejbal K,
Lopuchovsky T, Merkovska L. Cardiac Sudden Death of Athletes-" Athlet’s Heart".
World Heart Journal. 2011;3(1):115.

Elkilany G, Singh R, Adeghate E, Singh J, Bidasee K, Fedacko J, Hristova K. Mini
Review: Sudden Cardiac Death. World Heart Journal. 2017;9(3):245-57.

Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, Meijboom FJ, Meijboom
EJ. Sudden cardiac death in athletes: the Lausanne Recommendations. European Journal
of Cardiovascular Prevention & Rehabilitation. 2006;13(6):859-75.

Albert CM, Mittleman MA, Chae CU, Lee I-M, Hennekens CH, Manson JE. Triggering of
sudden death from cardiac causes by vigorous exertion. New England Journal of
Medicine. 2000;343(19):1355-61.

Franklin BA, Kokkinos P. Exertion-Related Acute Cardiovascular Events:
Pathophysiologic Considerations, Risk Modulators, and Prophylactic Interventions.
Cardiorespiratory Fitness in Cardiometabolic Diseases. Springer; 2019. p. 123-36.
Skjelbred T, Lynge TH, Nielsen JL, Winkel BG, Tfelt-Hansen J. Symptoms and
healthcare contact preceding sudden cardiac death in persons aged 1-49 years. Trends in
Cardiovascular Medicine. 2020;

Johnson C, Forsythe L, Somauroo J, Papadakis M, George K, Oxborough D. Cardiac
structure and function in elite Native Hawaiian and Pacific Islander Rugby Football
League athletes: an exploratory study. The international journal of cardiovascular
imaging. 2018;34(5):725-34.

Forsythe L, Somauroo J, George K, Papadakis M, Brown B, Qasem M, Oxborough D.
The right heart of the elite senior rugby football league athlete. Echocardiography.
2019;36(5):888-96.

Kargarfard M, Shariat A, Shaw BS, Shaw I, Lam ETC, Kheiri A, Eatemadyboroujeni A,
Tamrin SBM. Effects of Polluted Air on Cardiovascular and Hematological Parameters
After Progressive Maximal Aerobic Exercise. Lung. 2015;193(2):275-81.

Drezner JA, Ackerman MJ, Anderson J, Ashley E, Asplund CA, Baggish AL, Borjesson
M, Cannon BC, Corrado D, DiFiori JP. Electrocardiographic interpretation in athletes: the
‘Seattle criteria.” Br J Sports Med. 2013;47(3):122-4.

Kargarfard M, Amiri E, Shaw I, Shariat A, Shaw BS. Salivary Testosterone and Cortisol
Concentrations, and Psychological Overtraining Scores as Indicators of Overtraining
Syndromes among Elite Soccer Players. Revista de psicologia del deporte.
2018;27(1):155-60.

Drezner JA, Fischbach P, Froelicher V, Marek J, Pelliccia A, Prutkin JM, Schmied CM,
Sharma S, Wilson MG, Ackerman MJ. Normal electrocardiographic findings: recognising
physiological adaptations in athletes. Br J Sports Med. 2013;47(3):125-36.

Prutkin JM, Wilson MG. Electrocardiography in athletes: normal and abnormal findings.
Heart. 2018;104(23):1902-9.

Shariat A, Najafabadi MG, Ansari NN, Cleland JA, Singh MAF, Memari A-H,
Honarpishe R, Hakakzadeh A, Ghaffari MS, Naghdi S. The effects of cycling with and
without functional electrical stimulation on lower limb dysfunction in patients post-stroke:
A systematic review with meta-analysis. NeuroRehabilitation. 2019;44(3):389-412.

11



[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

35]

Raukar N, Arciero E, Noyes A, Drezner J, Weiss J. Cardiovascular pre-participation
screening in the young athlete: addressing concerns. Taylor & Francis; 2017.

Mavrogeni Sl, Bacopoulou F, Apostolaki D, Chrousos GP. Sudden cardiac death in
athletes and the value of cardiovascular magnetic resonance. European journal of clinical
investigation. 2018;48(7):e12955.

Lampert R, Zipes DP. Updated recommendations for athletes with heart disease. Annual
review of medicine. 2018;69:177-89.

Sweeting J, Semsarian C. Sudden cardiac death in athletes. Heart, Lung and Circulation.
2018;27(9):1072—-7.

Catto V, Dessanai MA, Sommariva E, Tondo C, Dello Russo A. S-ICD is effective in
preventing sudden death in arrhythmogenic cardiomyopathy athletes during exercise.
Pacing and Clinical Electrophysiology. 2019;

Vancini RL, Nikolaidis PT, de Lira CAB, Vancini-Campanharo CR, Viana RB, Andrade
M dos S, Rosemann T, Knechtle B. Prevention of Sudden Death Related to Sport: The
Science of Basic Life Support—From Theory to Practice. Journal of clinical medicine.
2019;8(4):556.

Post EG, Schaefer DA, Biese KM, Cadmus-Bertram LA, Watson AM, McGuine TA,
Brooks MA, Bell DR. A Comparison of Emergency Preparedness Between High School
Coaches and Club Sport Coaches. Journal of athletic training. 2019;54(10):1074-82.
Cater C, MacDonald M, Lithwick D, Sidhu K, Isserow S, McKinney J. Perspectives on
pre-participation cardiovascular screening in young competitive athletes: U SPORTS. The
Physician and sportsmedicine. 2018;46(4):509-14.

Maron BJ, Friedman RA, Caplan A. Ethics of preparticipation cardiovascular screening
for athletes. Nature Reviews Cardiology. 2015;12(6):375.

Van Brabandt H, Desomer A, Gerkens S, Neyt M. Harms and benefits of screening young
people to prevent sudden cardiac death. Bmj. 2016;353:i1156.

Corrado D, Zorzi A. Sudden death in athletes. International journal of cardiology.
2017;237:67-70.

di Gioia CRT, Giordano C, Cerbelli B, Pisano A, Perli E, De Dominicis E, Poscolieri B,
Palmieri V, Ciallella C, Zeppilli P. Nonischemic left ventricular scar and cardiac sudden
death in the young. Human pathology. 2016;58:78-809.

Zorzi A, Perazzolo Marra M, Rigato |, De Lazzari M, Susana A, Niero A, Pilichou K,
Migliore F, Rizzo S, Giorgi B. Nonischemic left ventricular scar as a substrate of life-
threatening ventricular arrhythmias and sudden cardiac death in competitive athletes.
Circulation: Arrhythmia and Electrophysiology. 2016;9(7):e004229.

Corrado D, Zorzi A. Sudden cardiac death in young people and athletes. Italian Journal of
Medicine. 2018;12(2):74-87.

Sharma S, Drezner JA, Baggish A, Papadakis M, Wilson MG, Prutkin JM, La Gerche A,
Ackerman MJ, Borjesson M, Salerno JC. International Criteria for Electrocardiographic
Interpretation in Athletes. 2017;

Ghani S, Sharma S. Pre-participation cardiovascular screening in athletes: when and how.
Cardiovascular Medicine. 2012;15(1):7-13.

Nyberg K. Risk Stratification and Clinical Consequences of Cardiopulmonary Exercise
Testing and Cardiac Rehabilitation Outcomes Following Heart Transplantation. 2018;
Barry OM, Gauvreau K, Rhodes J, Reichman JR, Bourette L, Curran T, O’Neill J, Pymm
JL, Alexander ME. Incidence and Predictors of Clinically Important and Dangerous
Arrhythmias During Exercise Tests in Pediatric and Congenital Heart Disease Patients.
JACC: Clinical Electrophysiology. 2018;4(10):1319-27.

Morrison BN, BHK HN, Daniel Lithwick MHA, Taunton J, Isserow SH, Heilbron B,
Warburton DER. Cardiovascular pre-participation screening and risk assessment in the

12



[36]

[37]

masters athlete: International recommendations and a Canadian perspective. BCMJ.
2016;58:197-203.

Linder AD. Physical Activity Behaviors among College Students Enrolled in Lifetime
Fitness Courses: An Application of Ajzen’s Theory of Planned Behavior. Northcentral
University; 2016.

Luong MW, Morrison BN, Lithwick D, Isserow SH, Heilbron B, Krahn A. Sudden
cardiac death in young competitive athletes. British Columbia Medical Journal.
2016;58(3).

13



