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Abstract
Background: Sudden Cardiac Death (SCD) is one of the common causes of death in young athletes especially during exercise, and it continues to be a challenge. Although the incidence of SCD among the aged is low, this problem has strong emotional and societal implications. Hypertrophic cardiomyopathy, arrhythmogenic cardiomyopathy, and anomalous coronary arteries are all potentially fatal heart diseases that are frequently blamed for these types of tragic events when they are found at autopsy, and might be preventable with early recognition.
Objectives: This review seeks to evaluate where we stand with SCD in the young athlete, determine the etiology, and suggest guidelines for diminishing its occurrence. This paper underscores the significance of pre-participation screenings, the availability of Automated External Defibrillators (AEDs), and formalized Emergency Action Plans (EAPs) in the mitigation of SCD risks, centering in particular on inadequate resources in areas such as American Samoa.
Methods: We searched a literature review of the past decade, including the databases PubMed, Scopus, Google Scholar. The search also included findings related to the prevalence of SCD, risk factors, screening and prevention in youth athletes and public health accounts highlighting systemic inequities in specific locales.
Results: SCD in young athletes occurs with a prevalence of 1 per 300,000 per year. Activities with high athletic risk profiles like soccer and basketball are particularly linked with SCD. Undiagnosed heart disease is the main aetiological factor, while ECG screening and AED availability demonstrate a better survival. But there is still inequity, particularly in underserved areas like American Samoa.
Conclusion: Strategies, including widespread screening programs, availability of AEDs, and trained personnel, are required to decrease the prevalence of SCD. A combined approach toward detection and response is required in order to avoid preventable deaths in young sportsmen and sportswomen.

Introduction
Sudden Cardiac Death (SCD) remains one of the most frequent causes of death in the young athletes population and has been observed as a tragedy mostly preventable and has been an interest fully captured by the medical community (Farzam et al. 2025). Sudden cardiac death (SCD) tends to be unanticipated, particularly during exercise, and undiagnosed structural heart disease is the most common underlying abnormality. This is particularly a concern in youth competitive sports, such as high school sports, with young athletes being at risk for experiencing a sudden cardiac event while participating in strenuous activity (Firoozi et al. 2003). Statistics Approximately 1 in 300,000 young athletes dies suddenly every year, which is not a very big number. But it is the high emotion and social impact on the involved communities (Finocchiaro et al. 2024). While the risk to individuals of SCD may be low, every tragic loss is compounded by the knowledge that many of these deaths were avoidable if the at-risk persons had been identified in a timely manner and there had been plans in place to respond to a cardiac arrest (Centeno-Bautista et al. 2024). Congenital heart defects, including hypertrophic cardiomyopathy (HCM), arrhythmogenic cardiomyopathy and anomalous origin of the coronary arteries, are well described etiologies related to these tragedies, but these conditions routinely go undetected until the affected athlete experiences an adverse event (Maron et al. 2007; Han et al. 2023). 
Youth sports, an outlet for exercise and teamwork, are more popular than ever and can also potentially imperil young people at least when it comes to their heart health. While the relationship between exercise and sudden death has been well-investigated, there remain significant possibilities for early detection and prevention (Thompson et al. 2016; Drezner et al. 2008). One of the biggest problems is that most young people don’t have to be screened for heart problems and that in turn, provides parents, coaches, and school and community sports programs a false sense of security. In addition, not all schools (and states) may have equitable access to life-saving resources and service of training staff to operate AEDs. Therefore, many students could be left with a lack of protection in the event of a life-threatening emergency (Maron et al. 2015; Corrado et al. 2018).
The importance of having a multifaceted approach to solving this can’t be overstated. There needs to be a plan, developed in advance of such an event, to both prevent and respond to a sudden cardiac event through: early detection through broadscreening; appropriate emergency readiness; and, most important, the availability of AEDs in all schools (Drezner et. 2007). Furthermore, these efforts not just increase the likelihoods of survival but also the mortality hazards at onset. Yet even as we know it works, many schools are simply not ready, at least not in low-socio-economic status or rural communities that often lack resources and infrastructure. As the case of American Samoa illustrates, such disparities continue to be part of the U.S. educational process (Petek et al. 2025; Asif et al. 2013).
The aim of this review is to convey that the state of SCD in the youth athletes is not ideal. The cause and common ground leading to this unfortunate event, while for some sections would suggest some guidelines that could potentially significantly reduce the risk of SCD. The importance of pre-participation screenings, AEDs and structured EAPs, will be the focus of the current paper in summarizing the pertinent literature. And it will remind us, in bold relief, of the urgency of addressing disparities in resources and response, especially in low-resource systems such as American Samoa’s, where infrastructure gaps and systemic inequities only exacerbate the SCD problem.
Methods
This review was created using a comprehensive literature search and scrutiny of studies, clinical guidelines and public health reports on Sudden Cardiac Death (SCD) in youth athletes. A systematic method was used to collect data from medical periodicals and professional databases and credible sources such as PubMed, Scopus, Google Scholar. In addition to official sources from the American Heart Association (AHA) and the National Institutes of Health (NIH) were obtained. Emphasis was placed on material published within the past 10 years to make sure the latest developments and discussions were included.
To investigate the epidemiology and risk factors of SCD in student athletes, studies that described chicken heart the prevalence of SCD, common underlying cardiac diseases and genetic influences related to such deaths were included in the search strategy. Guidelines on pre-participation screening and ECGs will also be examined.
And the review also included papers on warning signs of SCD, barriers to early detection and the efficacy of prevention strategies in the form of Automated External Defibrillators (AEDs) and Emergency Action Plans (EAPs) in high schools. Pertinent information on the role of athletic trainers, CPR training and state mandates was consolidated to review current practices and their effect in decreasing SCD.
For the American Samoa editorial sub-section, we reviewed case studies and public health literature to illustrate institutional inequalities and lack of AEDs in schools. The review also compared the American Samoa situation with that in other U.S. states to provide context and guidance about possible remedies.
Finally, qualitative synthesis methods were utilized to develop trends, gaps and actionable recommendations for SCD risk reduction in youth athletes resulting in a call to action for policy, education and clinical practice.








Results
This section is to highlight up-to-date knowledge about Sudden Cardiac Death (SCD) in youth athletes by discussing epidemiology, risk factors, difficulties of detection and prevention based on several studies. This review is based on peer-reviewed medical literature, public health data and national guidelines, focusing on epidemiology of SCD in student athletes and factors behind this epidemic.
Epidemiology & Prevalence of SCD in Youth Athletes
A number of studies have reported the occurrence of SCD in young athletes emphasising that although rare, the impact of these events on families and communities could be devastating. The estimated annual incidence of SCD in athletes aged < 35 years is about 1 in 300,000 (Finocchiaro et al. 2024). Most of these deaths take place while engaging in high-risk sports, like football, basketball and soccer, when extreme physical effort can set off underlying heart problems.
Table 1: Prevalence of SCD in young athletes by sport

	Author(s)
	Year
	Study Population
	SCD Incidence (per 100,000)
	High-Risk Sports

	Finocchiaroet al.
	2024
	U.S. student-athletes
	1.0
	Football, basketball, soccer

	Petek et al.
	2020
	NCAA athletes
	1.3
	Football, basketball

	Drezner et al.
	2008
	High school athletes
	0.6
	Football, basketball

	Corrado et al.
	2018
	European athletes
	0.9
	Soccer, basketball, rugby



Football and basketball are also the two most frequent sports implicated in SCD for young athletes based on the literature, probably reflecting the high physical activity levels and intense degree of cardiovascular stress (Finocchiaro et al. 2024; Petek et al. 2020). On the other hand, it should be mentioned that the incidence of SCD varies with geographic location and that the numbers are higher in countries where competitive sports are more common.
Risk Factors and Underlying Conditions
SCD in young athletes is frequently the result of undetected structural heart diseases with a potential for precipitating sudden fatal arrhythmias. The most frequent diseases associated with these things are hypertrophic cardiomyopathy (HCM), arrhythmogenic right ventricular cardiomyopathy (ARVC), anomalous coronary arteries and long QT syndrome (Maron et al. 2007). These diseases are often asymptomatic and may not be easily detectable without targeted screening, thereby confounding early detection and prevention.
Table 2: Common underlying conditions associated with SCD

	Study
	Condition
	Prevalence (%)
	Mechanism of Sudden Death

	Maron et al. 2007
	Hypertrophic Cardiomyopathy (HCM)
	36%
	Obstruction of blood flow, arrhythmia

	Corrado et al., 2018
	Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC)
	17%
	Electrical instability of heart

	Zerbo et al. 2025
	Anomalous Coronary Arteries
	12%
	Ischemia during exertion

	Balestra et al. 2024
	Long QT Syndrome
	8%
	Prolonged repolarization, arrhythmia



A genetic predisposition for these dispositions only complicates the identification of individuals at risk. In the diagnosis of many of these diseases, the ECG, echocardiography, and genetic testing methods of examination have been effective (Petek et al. 2020), however, such screenings are not mandated across all athletic programs.
Warning Signs & Challenges in Detection
A major limitation to SCD is that a large proportion of affected athletes are asymptomatic before the lethal event. Symptoms of SSCD (such as dizziness, chest pain, and fainting (or syncope)) can and do occur, but are typically attributed to normal athletic activity or remain unidentified until it is too late to prevent adverse events (Maron et al. 2015). In addition, there continues to be controversy on the effectiveness of pre-participation screening, particularly ECG screening in high school athletes. Although studies have indicated that ECG can be utilized as a screening tool for identifying hypertrophic cardiomyopathy (HCM) and arrhythmogenic cardiomyopathy, there is controversy surrounding the use of population-based ECG screening given the cost of screening, encumbrances of readily executing screening in a population setting, and the possibility of obtaining false positive results (Maron et al. 2007).
Table 3: Challenges in detection and screening

	Author(s)
	Screening Method
	Findings
	Conclusion

	Maron et al. 2015
	ECG, family history
	ECG detected 50% of at-risk athletes
	Effective but costly and impractical

	Aneil et al. 2017
	Pre-participation screening
	10% reduction in SCD risk
	Benefits outweigh risks

	Drezner et al. 2008
	Physical exam, history
	3% athletes identified at risk
	Screening with history and ECG needed

	Corrado et al. 2018
	ECG and echocardiography
	80% of deaths preventable with screening
	Widespread screening essential



Although the benefits have been demonstrated of pre-participation screenings, there is a current lack of consensus with respect to the optimal manner in which these measures can be applied universally. Furthermore, although personal and family history is a key predictor, a substantial number of athletes lack an extensive cardiac family history, thus, making the practice of early diagnosis cumbersome (Maron et al. 2015).
Preventive Measures: What High Schools Should Have
Ensuring that high schools have the necessary preparations in place for the occurrence of SCD in the young athlete is one of the most important ways to approach SCD in youth athletes. (2019) As suggested by the American Heart Association (AHA) and other institutions, (1) AEDs available on school grounds could greatly increase the chances of survival when employed within a few minutes of the heartbeat stopping (Wasfy et al. 2016). Also, EAPs should be implemented and available staff should be trained to manage in the case of a crisis.
AEDs need to be readily accessible on school grounds, especially in athletic facilities (Wasfy et al. 2016). Schools should establish, implement, and periodically review emergency action plans, including protocols for CPR and defibrillation (Finocchiaro et al. 2024). Efforts should be made to educate coaches, athletic trainers, and students to perform CPR to increase the chance of saving lives if an emergency occurs (Maron et al. 2015). However, the implementation of these policies and procedures significantly varies between states and even within states where resources or legislative mandates may not allow each school to be equipped to respond to a cardiac event (Petek et al. 2025).
The Case of American Samoa: A Public Health Oversight
The presented case of American Samoa reveals the overwhelming public health disparity in terms of access to the necessary resources BIADO when it comes to preparation for an SCD event among a young athlete. Indeed, the fact that none of the seven public high schools of the island has an access to AED indicates the existence of a crucial gap. As scholarly researchers point out, many states have policies that require AED in public high schools, whereas American Samoa does not . Bridging this gap requires substantial federal or territorial investment and the development of a unified policy approach to ensure that every school in every part of the country is supplied with the necessary equipment and training. More elaboration is given in the Discussion section to shed more light on this sensitive and critical area.







Discussion
SCD in the young athlete is rare but has been recognized as a public health issue because of the impact these events have on the emotional, social, and psychological health of affected communities. This review highlights the challenges in defining the epidemiology, risk factors, and detection, and preventive efforts of SCD in young athletes. Drawing upon data from various trials and reports, this review provides an insight into the etiology of SCD, the difficulties encountered when identifying SCD, and the important preventative approaches that can be taken to diminish the occurrence of these highly preventable deaths.
Epidemiology and Risk Factors of SCD in Youth Athletes
The rate of SCD in young athletes is estimated to be approximately 1 in 300,000 persons each year within USA (Finocchiaro et al. 2024). It is rare, but it “impacts the family, school, and the community profoundly and often leaves an emotional and psychological legacy.” SCD is not a random event, but it is consistently linked with the type of sport, where contact, high-risk sports such as football, basketball, and soccer show much higher frequencies of this tragedy (Petek et al. 2020; Emery et al. 2018). The exertion on the body in these sports can lead to arrhythmias or other lethal cardiac events, especially in athletes who may have unknown heart conditions.
Some of the most common SCD-predisposing underlying conditions include: Hypertrophic Cardiomyopathy (HCM), Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC), anomalous coronary arteries, and Long QT Syndrome (Maron et al. 2007; Corrado et al., 2018; Kim et al. 2024). HCM is the most common cause of SCD in young athletes, contributing to about 36% of SCD in young athletes (Peterson et al. 2020; Maron et al. 2007; Landry et al. 2017). It is frequently asymptomatic and is difficult to detect at an early stage. Although there have been significant developments in CV screening, sensitivity to detect at-risk athletes is low. These cardiovascular abnormalities have a strong genetic predisposition. Genetic HCM/ARVC/LQTS in the family A familial occurrence of HCM, ARVC, and Long QT Syndrome has been well-described (Balestra et al. 2024). Although some genetic tests exist to diagnose these conditions they are generally not applied in screening programs because of the cost and the absence of guidelines about their use in young athletes (Finocchiaro et al. 2024; Astley et al. 2025). This complicates the process for identifying and reducing risk of SCD.
In addition, effort during physical exertion can be precocious event in these athletes, especially in those with already weakened CV system due to another condition. Intense physical effort may generate fatal arrhythmias in athletes with underlying heart diseases (Maron et al. 2015). This discovery underscores the necessity of both pre-participation screening and the presence of life saving methods for athletes, like Automated External Defibrillators (AEDs) at high risk events, such as games (Graziano et al. 2024).
Warning Signs and Challenges in Detection
Preventing SCD in young athletes is challenging because they can be asymptomatic or haveonly minor, non-specific complaints before the event. For example, athletes may suffer from intermittent fainting, dizziness or chest pain, yet these complaints frequently are disregarded as trivial byproducts of rigorous physical activity (Maron et al. 2015). These mild symptoms may be disregarded, and the athlete allowed to play in high-risk sports with insufficient medical management.
Adding insult to the injury is that most young athletes who have SCD have no known previous cardiovascular disease. Because of this, it is unlikely that the majority of families, coaches, and even medical providers would suspect an athlete for their risk and miss early intervention opportunities (Finocchiaro et al. 2024). A study by Drezner et al. (2008) reported that only a minority of athletes who experience SCD reportedly had warning signs or symptoms, highlighting the surprise factor associated with these deaths.
Pre-participation screening is one of the most popular tools used in recognizing at risk athletes. This often consists of a physical examination, checking of the family history, and perhaps also an electrocardiogram (ECG). But the value of such screenings has long been an issue of controversy. Although several of these studies have demonstrated the ability of screening, the pre-participation ECG is not uniformly performed and adopted because of issues related to cost, the potential risk of false positive findings and the logistic complications seen with implementation of such an ischemic screening process (Maron et al. 2007). Along this testimony some authors opposed that the benefits of ECG screening outweigh its adverse with special emphasis for high risk sports, where the risk of SCD is high- est (Finocchiaro et al. 2024; Philipp et al. 2023).
Furthermore, although the personal and family history is an essential part of pre-participation screening, it is insufficient to determine which at-risk athletes need to be prohibited. Most athletes lack a family history for sudden cardiac death or heart disease and have no relevant personal history (Maron et al. 2015). Therefore, a large gap still exists in the discovery of all at-risk families, which highlights the importance of screening for these families by other means.
Preventive Measures: What High Schools Should Have
Because of the high risk associated with youth sports and the path to SCD, it is important to have measures in place to reduce the chance of this tragic event occurring. One of the best means to prevent sudden cardiac death is early detection, providing an opportunity to intervene and optimize whether the intervention involves athletic participation or not and an ECG, as a part of the pre-participation screen with an educational program for athletes and coaches to recognize symptoms of cardiovascular disease (Marc et al. 2025; Fanous et al. 2019).
High schools should also have key life-saving devices like Automated External Defibrillators (AEDs). It has been demonstrated that the application of an AED during the first 3–5 min of cardiac arrest can greatly improve survival rate (Wasfy et al. 2016; Drezner et al. 2019). Thus, having AEDs available within schools, particularly in athletic areas, should be an integral part of any emergency plan. The American Heart Association (AHA) supports placement of AEDs in all schools, as they are evidence-based life-saving devices that can mean the difference between life and death during a cardiac emergency (Wasfy et al. 2016).
Along with AEDs, schools should have Emergency Action Plans (EAPs). These plans should describe the actions to take in response to a sudden cardiac arrest, as well as the responsibilities of coaches, trainers, school nurses, and other personnel. In addition, all personnel, including coaches and athletic trainers, need to be trained in Cardiopulmonary Resuscitation (CPR) (Panhuyzen-Goedkoop et al. 2018). Such training is essential for taking immediate action while waiting for emergency medical services to arrive. By training coaching staff, who are on the field when cardiac events occur at schools, and staff responsible for student well being in CPR, the survival rate of those suffering from SCD in a school setting has been shown to increase (Finocchiaro et al. 2024).
These are important preventive strategies, however, there are wide variations in their use in various states in the US. Some states require schools to have AEDs, while in other states little regulation exists and many schools remain ill-equipped for a cardiac event. This discrepancy highlights the necessity of nationwide requirements for AED availability, CPR training, and recently updated emergency action plans in all schools. We can decrease the SCD in young athletes by implementing these guidelines (Kim et al. 2025).
Case study of American Samoa: A Public Health Oversight (Editorial)
The example of American Samoa sharply illustrates the wide variation in health from less wealthy and isolated settings compared to wealthier and more connected areas, here as it relates to schools' level of preparedness to manage emergencies, like SCD. Whereas there are many lives that AEDs save when it comes to Sudden Cardiac Arrest, there is not one AED in any of the seven public high schools in American Samoa. It is a deep public health crisis that is the illustrative embodiment of the structural inequalities in the U.S.69 education system (Petek et al. 2025).
American Samoa, an unincorporated territory of the US, is geographically isolated and has relatively less access to health care resources than other US mainland states. This extreme isolation combined with economic challenges has resulted in numerous health system deficits such as the lack of AEDs. AEDs are an essential means of providing immediate life-saving treatment to people experiencing sudden cardiac arrest (SCA) and their use within a few minutes results in superior survival (Wasfy et al. 2016). The lack of AEDs in schools is likely to put young athletes in American Samoa at greater risk of death in the presence of cardiac arrest. In fact, many states within the US have passed AED school outreach programs and requirements, most notably for AEDs placed in athletic venues, which have been implemented and retained in school systems due to their known effectiveness (Pereira et al., 2020).
This discrepancy is not just about local infrastructure; it illuminates the deeper systemic disparities plaguing the U.S. healthcare and education systems. Schools in wealthier, urban areas typically have ready access to AEDs, staff trained in CPR, and emergency response plans, while schools in poorer, under-resourced areas such as some of those in American Samoa do not. The inequities are particularly stark given that the risk of SCD is not bound to geography or socioeconomic status, and lack of readiness in these underserved communities represents a failure of public health to protect the inherent rights of young athletes to a safe environment to engage safely in sport (Maron et al. 2007; Wasfy et al. 2016).
The absence of AEDs in American Samoa is indicative of the much larger issue that the Federal and Territorial governments are failing to provide the required resources to save the lives of our young athletes. Unlike most of the U.S. service states, where both local and state law requires for AEDs to be provided in every high school, American Samoa does not have such a law. This failure underscores the necessity for federal or territorial intervention to guarantee that all schools, no matter where they are located or how rich or poor their students are, are provided with the means to safeguard their health and safety.
Support from the federal or territorial level could take several forms, which could range from funding AEDs to establishing training programs for school staff and incorporating comprehensive Emergency Action Plans (EAPs) that provide guidance on how to respond to a sudden cardiac event (Maron et al. 2015). If we would put AEDs in the schools and train the faculty in CPR and how to react to an emergency, the chance of death from SCD would be very small. Moreover, policy mandates may contribute to ensuring consistency between schools adopting such life-saving interventions, regardless of whether they serve more vulnerable populations such as the schools in American Samoa.
The situation in American Samoa today should be a wake-up call for policymakers, educators and health professionals to collaborate to address these disparities to do better for every student-athlete no matter where they live to provide them what they need for health protection. Federal funding, in partnership with local schools, should be used to ensure that all school systems are equipped with AEDs, to establish and promote comprehensive training programs, and to assist in the development of written protocols to address the risk of SCD. By closing these gaps in preparedness, we can not only prevent the untimely deaths of youth athletes, but we can also better prepare communities to respond in crisis.
Finally, the absence of AEDs in American Samoa is a vivid demonstration of the health disparities within the U.S. educational system. These inequalities should be corrected by federal and territorial investment to ensure that life-saving care is made equitably available to youth athletes, regardless of region. Having every high school, especially in rural and underserved areas, with an AED and emergency response plan is not only a moral obligation, but truly the only way to begin to protect the lives of student-athletes across the country.

Call to Action 
The lack of sex difference in CVD events and ED visits only, though, reveals the need for a low-cost, high-impact strategies to prevent SCD among young athletes (Li et al. 2025). This issue of all-interested parties working together has never been more true than now, in an era where AEDs are becoming more and more common and where coaches and support staff are being trained in CPR. But for this to happen, there needs to remain an ongoing commitment at local, state, and federal levels that all schools are staffed and equipped to manage potential cardiac emergencies. Never should the death of a student-athlete be the first indication that a school was woefully unprepared.
Conclusion 
To resolve the problem of SCD in youth athletes will require substantial efforts on a variety of fronts, including better screening and detection, greater access to life-saving equipment and comprehensive emergency response plans. These are the measures we need to be taking now, so that no one has to lose their child and youth athletics can maintain its presence as a safe and positive experience for all.
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