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Introduction
The sudden, unanticipated death of a young person is one of the 

most traumatic medical events. Though SCD is statistically rare in young 
people, its dramatic presentation and cascading effects on families and 
communities make it newsworthy [1]. SCD cases in athletes represent 
a hidden vulnerability lurking in a strong, healthy young person. Lay 
public concern about SCD in children and teenagers is high, compared 
with more prevalent deadly childhood risks, such as accidents, injuries, 
suicide, and violence. However, it is equitable to regard SCD in young 
individuals as a matter of public health and to formulate approaches 
based on evidence and expert consensus to alleviate it. This analysis will 
explore the present state of knowledge and practice concerning SCD in 
the youth. This will encompass the pathophysiology of SCD, the disease 
mechanisms that make individuals susceptible to it – particularly 
among asymptomatic young people – and methods for resuscitation 
and identification of those at potential risk [2]. Since numerous primary 
causes of SCD in the young are genetically determined, the sudden 
demise of a young individual often necessitates examination within 
the familial context. Advancements in cardiovascular genetics have 
contributed both molecular understanding and increased intricacy and 
uncertainty to our comprehension of affected families. Both pre-death 
and post-death genetic testing now offer the prospect of disease-specific 
risk assessment and treatment for surviving relatives of SCD patients. 
Furthermore, SCD in young people affects the community. These events 
require public health policy responses to provide rational and effective 
strategies to protect our youth from rare but dramatic occurrences. 
Among these strategies may be cardiovascular screening programs, the 
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deployment of defibrillators in public access areas, the establishment of 
standards for postmortem investigations of SCD, and the establishment 
of regional and national registries [3].

As this review covers such a broad range of topics, it is limited in its 
depth, in general, and with respect to the various cardiac etiologies that 
predispose to SCD (including congenital heart disease). Resuscitation 
outcomes, science, and epidemiology will be exceptions [4].

Epidemiology and Etiologies of SCD in the Young
Epidemiology

Childhood SCD is not frequently seen, and to obtain accurate 
statistics on its incidence and risk factors, it is essential to conduct 
well-designed studies at regional or multicenter levels. Table 1 displays 
the occurrence of SCD in various younger populations and settings. 
This emphasizes the inherent variability in these estimations and 
clearly demonstrates that the rate of SCD in children is significantly 
lower (1 to 2 orders of magnitude) compared to adults. The incidence 
ranges from less than 1 to 10 deaths per 100,000 individuals per year 
(excluding infants and those above 18 years old, less than 1 to 4 deaths 
per 100,000 individuals per year). The impact of SCD on the loss of 
life-years is disproportionately greater for children due to their longer 
life expectancy [6, 7]. These statistics are crucial for the development of 
effective public health policies focused on early detection, prevention, 
and treatment. Important contributing factors include age, gender, 
presence of other medical conditions, geographic location, and 
participation in sports (Figure 1).
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While the occurrence of sudden cardiac death (SCD) in a young individual is a rare occurrence, it is a distressing event that often receives widespread attention. 
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improving outcomes following resuscitation of young SCD patients. The establishment of a national registry for SCD in young individuals will provide valuable data 
to address these inquiries.
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Over the past few years, voluntary registries have emerged to 
monitor the occurrence of SCD in young people living in stable 
communities for a prolonged period. This method tackles certain 
deficiencies found in previous techniques by adopting a prospective 
and problem-specific approach, which ensures the relative accuracy and 
completeness of data available for analysis [15]. The National Institutes 
of Health, in collaboration with the Centers for Disease Control and 
Prevention, is currently in the process of developing a nationwide 
registry for sudden unexpected deaths in the young population across 
various regions. This endeavor is expected to expand in the future. Our 
present understanding of the subject largely stems from the collection 
of local data or research registries encompassing individuals of all ages 
and causes [16].

Relevant demographic factors that are important in the occurrence 
of SCD among young populations can be obtained from existing data. 
The occurrence of sudden unexpected death, as well as SCD specifically, 
is influenced by age [17]. While the risk of unexpected death is higher 
during early infancy due to noncardiac causes and sudden infant death 
syndrome, the prevalence of SCD decreases during early childhood and 
then starts to rise again during adolescence. This pattern is illustrated 
by a large national study that identified 114 cases of SCD in children 
aged 1 to 18, with a total observation period of nearly 8 million patient-
years. Similar patterns have been observed in comprehensive surveys 
conducted in Ontario and 10 other sites in North America, which 
together form the Resuscitation Outcomes Consortium [18].

SCD associated with cardiovascular disorders

The case series approach had proven effective in categorizing 
cardiovascular diseases that lead to SCD in young individuals. By 
understanding the relative prevalence of these underlying diseases, 
we can estimate the relative risks of experiencing cardiac arrest. There 
are several general categories of causes, including hereditary and 
acquired cardiomyopathies, arrhythmia syndromes (channelopathies), 
congenital heart defects, myocarditis, and coronary abnormalities [19, 
20]. In some cases, the patient may already be aware of these underlying 
diagnoses, while in others they may be undiagnosed and not yet 
showing symptoms. The proportion of detected versus undetected risk 
of SCD varies depending on the specific diagnosis, as does our ability 
to reduce the risk of cardiac arrest through preventative measures and 
prophylactic therapy. These factors significantly impact the usefulness 
of diagnostic screening for asymptomatic individuals, a topic that will 
be explored further in this article [21].

Cardiomyopathies - Heritable and Acquired 
The hereditary heart conditions known as hypertrophic 

cardiomyopathy (HCM), arrhythmogenic right ventricular 
cardiomyopathy (ARVC), dilated cardiomyopathy, and left ventricular 
noncompaction cardiomyopathy, as well as the hereditary channel 
conditions like long QT syndrome (LQTS), short QT syndrome, 
Brugada syndrome, and catecholaminergic polymorphic ventricular 
tachycardia, are potentially fatal but highly manageable genetic heart 
diseases. The estimated occurrence of each of these conditions varies, 
but it is believed that HCM affects approximately 1 in every 500 
individuals and LQTS affects approximately 1 in every 2000 individuals 
[22].

Congenital Heart Disease - A Global Concern
Congenital heart disease (CHD) affects about 40 000 children 

in the United States every year. In severe and mild forms of CHD, 
ventricular dysfunction leads to scarring, hypertrophy, and fibrosis, 
which increases the risk of heart attack [23]. The rate of SCD is 15% to 

SCD incidence is best determined by population-based studies 
that have a large, well-defined denominator. The rarity of SCD in young 
individuals necessitates surveying national or regional populations over 
long periods of time. Most of these studies have relied on retrospectively 
analyzing administrative databases, utilizing EMS databases, or using ad 
hoc methods such as Internet searches or reviewing news media [8-10]. 
However, this approach introduces uncertainty in both overdiagnosis 
and underdiagnosis. A prospective analysis of SCD in patients of all 
ages indicated that relying on death certificates tends to overestimate 
SCD events. Case series of SCD allow for accurate identification of 
affected cases and are valuable in determining etiology and mechanisms 
[11]. While they provide an estimate of the overall problem, they cannot 
reliably quantify the population at risk.

Determining the prevalence of SCD is most effectively achieved 
through population-based research that has a substantial and clearly 
defined denominator. Given the rarity of SCD in young individuals, 
these studies must conduct comprehensive surveys of national or 
regional populations over extended periods. The majority of these 
studies have relied on retrospective analysis of administrative databases, 
utilization of EMS databases, or utilization of improvised methods such 
as online searches or examination of news media. These techniques 
introduce uncertainty in identifying both over- and underdiagnosis. A 
prospective investigation of SCD in patients of all ages indicated that 
relying on death certificates tends to exaggerate the number of SCD 
occurrences [13, 14]. Case series of SCD provides a reliable approach 
to identifying affected cases and is valuable in determining the causes 
and mechanisms of SCD. They also offer an estimation of the overall 
magnitude of the problem, although they cannot accurately ascertain 
the size of the population at risk (Figure 2).

Figure 1: Mortality rates among children due to heart disease [5].

Figure 2: Incidence and etiology (coronary artery disease, cardiomyopathy, channelopathies, 
etc.) [12].
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that had identifiable heart conditions (Figure 3). The remaining cases 
were attributed to valvular heart disease, nonatherosclerotic coronary 
artery abnormalities, myocarditis, and abnormalities in the conduction 
system [29].

Research conducted in the United States on SCD in athletes 
indicated that HCM is likely the primary cause of this phenomenon. 
A comprehensive registry that documented 1866 instances of SCD in 
athletes over a span of more than 25 years found that 1049 cases were 
linked to cardiovascular issues [30]. Among these cases, a majority 
were able to be diagnosed with a specific condition. The study identified 
HCM and congenital abnormalities in the coronary arteries as the most 
common diagnoses. However, other studies have found that sudden 
death cases with negative autopsy results were the most frequent 
occurrence [31].

Identifying individuals who are at risk, implementing protective 
measures, and allocating resources to respond to cardiac arrests during 
sports events have become important due to the significant role of sports 
in society. The American and European professional societies have 
released comprehensive guidelines, including the Bethesda Guidelines 
and the European Society of Cardiology Consensus Recommendations. 
Although these documents have been developed based on extensive 
reviews of past and present information, they vary in certain aspects 
and have led to the establishment of various mandatory and voluntary 
policies for screening athletes for cardiovascular health and determining 
eligibility for competitive sports. Updated guidelines addressing these 
matters were published in late 2015 [32]. These guidelines largely 
reiterate the recommendations made a decade ago, although there has 
been a significant change concerning cardiac channelopathies. Unlike 
the previous approach that often led to automatic disqualification in 
most sports, there is now a recognition that shared decision making, 
respect for patient/family autonomy, and informed choice to compete 
are important. Moreover, this approach is in accordance with the 2013 
guidelines for managing LQTS, which emphasize that athletes with 
LQTS should consult a specialist if they wish to compete [33, 34].

According to reports, some individuals at an increased risk of 
developing SCD may not be able to follow these guidelines and therefore 
be prohibited from participating in certain sports. These guidelines 
explicitly prescribe recreational and competitive sports for patients with 
increased SCD, but anecdotal evidence suggests that many patients with 
increased SCD do so. Medical diagnoses have disqualified athletes in 
high-profile legal cases [35].

Chest Trauma Associated SCD
Commotio cordis, also known as blunt chest trauma in the normal 

juvenile heart, is an infrequent occurrence in SCD. Determining 
the frequency of this event is difficult, but research on SCD in 
intercollegiate NCAA events shows that autopsy negative SCD is a 
relatively common discovery, and some cases can be clearly linked 
to trauma based on historical information [36]. Animal studies have 
revealed a possible mechanism for commotio cordis, which involves 
chest trauma occurring at the same time as a vulnerable repolarization 
interval, affecting the ventricle. Certain sports, including baseball, 
cricket, lacrosse, soccer, hockey, football, and martial arts, have a higher 
probability of experiencing these occurrences. This holds true whether 
in competitive or recreational settings [37].

 SCD due to the Use of Medications
Recent population-based studies have largely resolved concerns 

regarding how stimulant medications affect the risk of SCD in young 
people, in contrast to the debate surrounding the management of 

25% when CHD patients reach early adulthood, and CHD patients are 
more likely to suffer from it.

Constructing an aggregated risk estimate for SCD in CHD patients 
is challenging due to the diverse nature of the condition. However, 
when compared to patients with acquired heart diseases like dilated 
or ischemic cardiomyopathy, the incidence of SCD in CHD patients is 
generally lower. The tetralogy of Fallot, a well-studied form of CHD 
with a relatively high prevalence and extensive follow-up after surgical 
palliation, has an average SCD rate of 0.1% to 0.2% per year. However, 
there are other lesions and subgroups of patients that are likely to have 
a significantly higher risk for SCD [24]. It is probable that ventricular 
tachycardia, atrial arrhythmia, and heart block with paroxysmal 
bradycardia all contribute to some extent, and the prevalence of each 
type of arrhythmia increases with age.

SCD in Athletes
Young individuals who are involved in sports and have a significant 

public presence are a crucial subgroup. They have been extensively 
researched in relation to the occurrence of SCD. In the United States, 
there is widespread participation in sports among the youth, with over 
40 million participants and approximately 7.5 to 8 million teenagers 
participating in organized high school sports [25]. The media often 
highlights cases of SCD in young athletes, leading to the assumption that 
sports involvement directly causes SCD. Estimates of SCD occurrence 
in athletes vary greatly, ranging from 1 in 3000 per year among male 
basketball athletes in NCAA Division 1 to 1 in 917,000 per year 
among high school athletes in Minnesota. Research on college athletes 
indicates an annual incidence between 1 in 43,000 and 1 in 67,000. This 
risk is 2 to 3 times higher than the general population, but it may be 
influenced by demographic factors such as sex, age, and ethnicity that 
are correlated with sports participation [26-28].

Etiology of SCD in Younger Athletes
A preliminary study exploring the causes of SCD in young athletes 

was conducted in Italy. The study focused on a group of 22 young 
athletes who experienced SCD and identified ARVC as the main cause. 
A more comprehensive autopsy study conducted in the same region on 
young adult athletes revealed that ARVC and coronary artery disease 
were responsible for over 50% of the approximately 200 cases analyzed 

Figure 3: Cause of SCD in athletes.
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assess the clinical usefulness of a screening test. Firstly, the test must 
possess diagnostic sensitivity for the target disease. The disease should 
not be excessively uncommon and should carry the potential for life-
threatening consequences as an initial occurrence. The cost of the test 
and the potential expenses associated with a false-positive diagnosis 
should be minimal. Lastly, effective treatments should be accessible.

Different methods for screening cardiovascular conditions 
have been proposed, such as ECG, medical history and physical 
examination, and echocardiogram, either separately or in combination. 
The accuracy and reliability of these tests for detecting heart problems 
depend on the specific condition being screened for and its prevalence 
among the population being tested. Studies analyzing different 
screening approaches have been conducted in various communities 
and age-defined groups (e.g., newborns for identifying LQTS) as well 
as individuals involved in sports or taking stimulant medications [43]. 
Existing literature suggests that ECG is a highly sensitive and effective 
screening tool for most conditions that can lead to sudden cardiac 
death in young individuals, including LQTS, Wolff-Parkinson-White 
syndrome, HCM, and Brugada syndrome. Different coding systems 
have also been developed to enhance the usefulness of ECG in screening 
for these conditions.

Cost-ineffective or marginally cost-effective findings have been 
reported in cost-effectiveness studies on screening in asymptomatic 
youth. These studies, which are sensitive to assumptions, present a 
range of possible results in sensitivity analysis [44]. Nevertheless, they 
indicate that ECG screening in most scenarios is not cost-effective, or 
only slightly so, primarily due to assumptions about baseline disease 
prevalence and the efficacy of available treatments. To enhance cost-
effectiveness, it may be beneficial to focus on high-risk groups, such 
as NCAA Division 1 athletes, provided effective measures can be 
implemented to mitigate their risks. Additionally, screening for LQTS 
in infancy may offer significant additional protection by enabling early 
identification of arrhythmic disease in certain groups [45].

Several self-organized advocacy groups have shown a high level 
of proficiency in structuring cardiac screening programs, based on the 
application of existing guidelines. Although mandatory cardiovascular 
screening is widely accepted in some countries as a public policy, 
practical concerns have limited enthusiasm for it in the United States 
and abroad [46]. Chief among these is:

1.	 False-positive findings can result in unnecessary workups, 
prescriptions to avoid sports and other desirable, healthful, or 
necessary activities, as well as psychological damage.

2.	 Cardiovascular screening’s potential value in actual use is 
discounted by inaccuracy in diagnosis, and patients who receive a 
positive test are less likely to pursue further screening or treatment.

Screening tests can be more effective by limiting the testing to 
relatives of individuals with the disease. This significantly increases the 
likelihood of disease prevalence in the tested population (50%), thus 
improving the accuracy of positive predictions. Known as cascade 
screening, this approach is particularly helpful in families with identified 
disease-causing mutations and specific phenotypes like LQTS. It can 
also be applied in cases of sudden unexplained death, using appropriate 
techniques such as electrocardiographic or genetic testing (Figure 4).

In the risk score model, the baseline hazard of the patient’s 
congenital defect is multiplied by the risk factors to calculate the annual 
risk of SCD [47].

SCD of young and the family affected

Immediately after a SCD in a young person, there are various 

SCD risk in athletes [38]. Approximately 2.5 million children in 
the United States were treated with stimulant medications in 2003 
for attention deficit, hyperactivity disorder, and other school and 
social functioning disorders. Many of these medicines have small but 
measurable sympathomimetic effects. Some of these drugs possess 
sympathomimetic properties of small yet detectable magnitudes. A 
perceived group of SCD incidents in patients being administered 
stimulants for attention deficit and hyperactivity disorder resulted 
in the discontinuation of a specific medication (a methylphenidate 
formulation) in Canada, issuance of a public health advisory, and 
a cautionary statement in the form of a black box warning by the 
United States Food and Drug Administration concerning the use of 
stimulant medications, along with a recommendation for pre-treatment 
electrocardiographic assessment prior to commencing therapy [39,40]. 
However, subsequent epidemiological investigations utilizing extensive 
administrative databases clearly indicate that such drugs have no 
impact, and conceivably even exert an adverse, health-user effect on the 
prevalence of SCD.

Recent data from a large LQTS registry about the use of stimulant 
medications in LQTS patients counterbalances these findings, 
suggesting that these medications are associated with an increased risk 
of cardiac events, particularly in males. However, a concurrent, smaller 
retrospective study found no such effect, indicating that consensus has 
not yet been reached about whether stimulant medication is safe in 
LQTS.

Identifying the Young Patients at Risk of SCD
Signs and screening

SCD is associated with certain prodromal symptoms and clinical 
events. The specific predictive power of these markers allows them to 
be incorporated into calculations regarding diagnostic screening or, if 
known diseases exist, primary prevention using medical therapy.

Aborted or resuscitated sudden cardiac arrest serves as the most 
trustworthy presenting symptom that specifically points to the probable 
existence of a primary cardiac diagnosis. The occurrence of repeated 
episodes of cardiac arrest in these individuals is widely acknowledged, 
to the extent that it forms a considerable portion of ICD implantations 
carried out on young patients, [2] even if a definite diagnosis cannot be 
determined and the patient is labeled as having idiopathic ventricular 
fibrillation by default.

Commonly linked prodromal symptoms related to the risk of 
SCD include palpitations, chest discomfort, loss of consciousness, and 
convulsions. These symptoms indicate temporary changes in heart rate 
and blood pressure caused by short episodes of irregular heart rhythm. 
Studies on unexpected SCD in seemingly healthy children suggest that a 
significant proportion, possibly between one-fourth and one-half, may 
have experienced a preceding symptom, often syncope or convulsions. 
However, palpitations, chest discomfort, and syncope are common 
in healthy children, therefore their diagnostic value as standalone 
indicators is limited. An exception to this is exertional syncope, which 
is strongly associated with cardiac disease [41]. When combined with 
other signs of cardiac disease, any of these symptoms may suggest an 
increased risk.

The importance of screening for SCD in young people

Numerous suggestions have been made for SCD screening 
programs, either on a societal level or specifically for high-risk 
subpopulations such as athletes. A working group at the National 
Heart, Lung, and Blood Institute has recently studied this matter 
[42]. To address this issue, one can employ general principles used to 
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with a molecular autopsy of the deceased would be more cost-effective.

Classification of Risks Involved in Specific Individual 
Diseases

There is a small but significant portion of young individuals 
(between 12% and 18%) who suffer from SCD already have a known 
cardiac condition. Once a specific high-risk diagnosis has been 
confirmed, the presence of arrhythmia symptoms or other indicators can 
be used to identify subgroups that are at higher risk for the development 
of SCD. To stratify patients’ risk, it needs to be based on conditions 
that are prevalent and well-researched in different groups of patients. 
Patients with HCM and channelopathies like long QT syndrome, for 
whom clear guidelines have been established, are particularly at risk. 
Studies on risk stratification strategies for young populations in SCD-
predisposing diseases rely primarily on retrospective designs [52]. 
Moreover, many variables identified as associated with increased risk 
in patients are also associated with each other. Due to these factors, 
risk stratification frameworks used for young individuals with SCD are 
less explicitly prescriptive than those used in adult cardiology that are 
validated risk assessment tools. The assessment of risk factors should 
therefore be conducted cautiously, in conjunction with an individual’s 
clinical assessment and judgment.

Preliminary Prevention of SCD
For patients deemed to be at a heightened risk of SCD, it may be 

fitting to contemplate the insertion of an ICD for primary prevention. In 
the context of ischemic cardiomyopathy and left ventricular dysfunction, 
where the benefits of ICD implantation are clearly demonstrated, this 
concept has long been widely acknowledged in adult populations. Risk-
to-reward ratios for ICDs in children with SCD-predisposing conditions 
and syndromes are not very well established. When considering the 
risks associated with ICDs, it is evident that children experience a 
relatively elevated occurrence of complications linked to the devices, 
including a higher frequency of inappropriate shocks, malfunctions 
in the leads, and difficulties in placing the ICD due to the size and 
anatomy of the heart [53]. On the other hand, when considering the 
potential advantages of primary prophylaxis, children may experience 
relatively smaller benefits from ICD implantation. Specifically, the 
occurrence of sudden death related to CHD and various arrhythmic 
cardiomyopathies is significantly lower in children compared to adults 
who find ICDs beneficial (for example, adults with tetralogy of Fallot 
have an annual rate of 0.1% to 0.2%). Guidelines regarding the criteria 
for ICD implantation for primary prevention in children and young 
individuals with CHD and other SCD-predisposing conditions are 
more flexible compared to those applied for adults with acquired heart 
disease. Nevertheless, due to the challenges associated with ICDs in this 
population, pediatric clinicians who specialize in patients at risk for 
SCD generally adopt cautious decision-making algorithms to determine 
whether these devices should be implanted or not [2].

Resuscitation and SCD
Regrettably, there is typically no discussion regarding the connection 

between the epidemiology and clinical diagnosis of conditions that 
predispose individuals to SCD, along with the science and practice 
of resuscitation. Consequently, the literature and knowledge base in 
these two fields largely do not overlap, despite their strong association 
with the topic of defibrillation. Given the low survival rates of out-of-
hospital cardiac arrest (OHCA), all aspects of resuscitation science 
can be considered relevant to a comprehensive approach to preventing 
and managing SCD in young individuals. Understanding the clinical 
characteristics of SCD in the young informs strategies for resuscitation 

challenges that need to be addressed concerning the well-being of the 
surviving family members. Firstly, the ability to conduct a postmortem 
examination, such as an autopsy, depends on the specific location where 
the SCD took place. This is because the competence in postmortem 
cardiac diagnosis and the availability of specialized cardiac examination 
can vary significantly across different states, counties, and cities. 
Secondly, there is no standardized approach to evaluating the hearts of 
first-degree relatives after an SCD event. Without a universally accepted 
standard of care for investigating families affected by SCD, physicians 
can have different responses. These responses can range from simply 
asking about symptoms to performing a wide range of noninvasive and, 
in some cases, invasive cardiac tests on everyone. Furthermore, these 
tests may need to be repeated at frequent intervals. Thirdly, the current 
state of postmortem genetic testing, also known as the molecular 
autopsy, is uncertain [48]. This uncertainty arises from the development 
of new genetic technologies and an increasingly nuanced understanding 
of the significance of different genetic markers and point mutations. As 
a result, the approach to postmortem genetic testing can vary greatly. 
Additionally, using genetic testing on the SCD patient, which can be 
a valuable and specific tool for clinical investigation when combined 
with broader familial investigations, often faces challenges related to 
reimbursement for tests conducted on deceased individuals.

The clinician’s ability to provide useful diagnostic information 
to families of young SCD patients is, therefore, under construction at 
present. A combination of phenotypic and, in some cases, genotypic 
information with information obtained from the affected individual and 
close relatives will be used to provide a specific diagnosis, identify other 
family members at risk, and provide actionable clinical information of 
value to survivors.

Currently, there is a lack of agreement regarding the necessary 
steps for a thorough investigation of a young SCD patient after death 
and the essential investigations for the surviving first-degree relatives 
before death. At the very least, guidelines from medical examiner’s 
offices should include the collection of DNA-friendly tissue (such as 
blood in EDTA, frozen nucleated tissue, or blood spot cards) to allow 
for genetic testing after death if necessary [49-51]. An echocardiogram, 
12-lead ECGs, 24-hour Holter monitors, treadmill stress tests, and an 
echocardiogram may be appropriate for surviving first-degree relatives 
based on autopsy findings. It is still unclear whether these investigations 
should be carried out simultaneously or if a sequential approach starting 

Figure 4:  The risk score model of 9 congenital lesions at the highest risk of SCD [47].
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During CPR, the pressure of blood flow increases for about 5 to 
7 compressions but decreases quickly during pauses. As a result, the 
time available for blood flow to the heart and brain is reduced when 
ventilation is paused. Effective CPR also necessitates the chest to fully 
recoil, allowing blood to return to the chest cavity [59-61]. Excessive 
compression rates can negatively impact blood flow to the heart and 
the depth of compressions. Overall, compression fractions below 80% 
are linked to lower chances of survival, which is why current guidelines 
emphasize the importance of short and infrequent pauses.

Defibrillation

The prompt use of defibrillation is a critical element in improving 
the likelihood of survival from VF cardiac arrest. Initially, it was 
believed that the electrical current stopped fibrillation by polarizing a 
significant portion of the heart muscle. However, it is now recognized 
that preventing the recurrence of fibrillation after defibrillation is just as 
important [62]. The effectiveness of defibrillation relies on the amount 
of current administered, the shape of the waveform, and the impedance 
of the chest. Biphasic waveforms have demonstrated great success in 
terminating VF and have become the preferred option in clinical 
practice, surpassing monophasic devices [63].

Airway management and ventilation

Initially, assisted breathing was deemed necessary for effective 
revival. However, if a heart attack occurs suddenly, there is enough 
oxygen in the blood vessels to allow for a period of compression without 
breathing assistance. Applying pressure to the chest during ventilation 
can raise pressure inside the chest and potentially reduce the flow of 
blood from the heart and the pressure needed for blood to reach the 
heart muscles [64]. The ideal ratio of chest compressions to breathing 
has not yet been established, but recent recommendations have shown 
a growing focus on prioritizing chest compressions.

Pharmacological agents

Resuscitation efforts frequently involve the use of vasopressive 
and antiarrhythmic medications. However, no drug has been proven to 
increase long-term survival after a cardiac arrest in prospective trials. 
While it is common to administer epinephrine during cardiac arrest, 
its effectiveness is still a subject of discussion. Although epinephrine 
has been demonstrated to enhance the return of spontaneous 
circulation, there is no proof to support improved long-term survival 
[65]. Vasopressin has been explored as a potential alternative, but 
comparisons between epinephrine, vasopressin, and a placebo have not 
revealed any superiority in terms of hospital discharge or long-term 
survival. Due to the limitations of current research, further clinical 
trials are necessary to arrive at definitive conclusions regarding survival 
outcomes [2].

Importance of effective and high-quality CPR

The importance of effective CPR in determining survival has 
become evident. In both emergency medical services and hospital 
settings, the performance of CPR is often less than optimal. Key 
indicators of CPR quality include maintaining the correct rate and depth 
of chest compressions, ensuring proper chest recoil, the proportion of 
time devoted to chest compressions during CPR, and maintaining the 
appropriate ventilation rate [66]. Numerous studies have demonstrated 
the positive impact on outcomes when these variables are assessed and 
tracked.

The primary focus now lies on chest compression, and research on 
both animals and humans suggests that survival rates are comparable 
when using chest compression alone. In 2008, the American Heart 

and the provision of services in the community [53]. Conversely, 
continually improving and assessing the effectiveness and availability 
of bystander and EMS response to SCD enhances survival rates and 
influences the risk-benefit calculations necessary for making clinical 
decisions for patients with predisposing conditions for SCD.

Sudden Cardiac Arrest (SCA)
Due to its precision, SCA is a more effective way to resuscitate 

someone than SCD. SCA is the result of the electrical or mechanical 
malfunction of the heart, leading to a loss of consciousness and sudden 
death [54]. This description emphasizes the main cardiovascular 
reasons and does not indicate a particular result. Earlier definitions like 
“nontraumatic death happening abruptly or within 24 hours after the 
start of sudden symptoms” are more accurately referred to as sudden 
unexpected death, as the underlying causes are wider, and the specified 
outcome is death.

Management principles and pathophysiology of SCA 	

OHCA can cause ventricular fibrillation (VF), asystole, 
pulseless electric activity, and asystole in young people. According to 
epidemiological studies, asystole is more common in children with 
OHCA than ventricular arrhythmias. However, the population studied 
here often suffers from VF as the primary arrhythmia in SCA due to 
comorbid conditions, intercurrent illnesses, drowning, and suffocation.

The pathogenesis of SCA caused by pulseless ventricular 
tachycardia and VF is time sensitive, characterized by 3 stages 
distinguished by heart rhythm and metabolic effects of reduced blood 
flow and lack of oxygen. These stages determine suitable treatments and 
forecast the likelihood of survival and neurological impairment. The 
primary electrical phase lasts approximately 4 minutes and is identified 
by the existence of treatable heart rhythms. Throughout this timeframe, 
the heart responds to defibrillation, as evidenced by the results of ICD 
placement and implementation of public-access defibrillation initiative 
investigations [55, 56].

During the circulatory stage, tissue hypoxemia becomes apparent, 
and asystole emerges. It is essential to administer cardiopulmonary 
resuscitation (CPR) to ensure oxygen supply during this stage. 
The efficacy of defibrillation is reduced, but it can be improved by 
administering epinephrine before the shock and performing effective 
CPR. The metabolic stage begins approximately 10 minutes after SCA, 
characterized by asystole, worsening hypoxia, and the presence of 
circulating metabolic factors that lead to cell death and dysfunction 
of vital organs. Survival is unlikely during this stage and is often 
accompanied by severe impairment in functionality [57].

Components of CPR

Successful CPR involves 4 components: chest compression, 
defibrillation, ventilation, and pharmacological agents. Despite their 
importance, early defibrillation and effective chest compression have 
been shown the most clearly to increase survival rates in children and 
adults.

Chest compression

By causing intrathoracic pressure changes and by applying direct 
cardiac compression, chest compressions cause forward blood flow. In 
standard CPR, the cardiac output is 30% to 40% of normal; cerebral 
flow is as high as 60%, while myocardial flow is substantially lower at 
10% to 30%. To restore cerebral function, cerebral perfusion pressure 
must be adequate, whereas cardiac resuscitation requires adequate 
coronary perfusion pressure [58].
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defibrillation from bystanders.

For years, the AHA and the American Red Cross have been backing 
CPR instruction, but teaching CPR courses to many responders is both 
costly and ineffective, especially in rural areas and communities with 
a significant Hispanic and black population. To ensure that everyone 
in society receives training, other options can be considered, such as 
incorporating CPR instruction in schools or making it a mandatory 
step for activities like obtaining a driver’s license. The World Health 
Organization and the AHA have given their endorsement to school-
based CPR training [76-79]. Currently, 27 states have passed laws to 
either mandate or support CPR training as a requirement for graduation.

Creation of AEDs for Location of Public Access 
Defibrillation

Over the last two decades, the creation of AEDs has resulted in the 
formation of Public Access Defibrillation locations, where individuals 
with minimal training can utilize defibrillators [80]. Selected areas, 
including government buildings, airports, transportation centers, and 
casinos, have shown positive advancements in outcomes. The Public 
Access Defibrillation Trial illustrated a twofold increase in the survival 
rate of adults with satisfactory neurological function when they were 
revived using CPR and AEDs, as opposed to CPR alone [81-83].

Organizational structure is necessary for Public Access 
Defibrillation sites to maintain their effectiveness. Public Access 
Defibrillation initiatives that have appropriate leadership and place 
AEDs in high-risk areas while ensuring ongoing maintenance have a 
cost ranging from $30,000 to $100,000 per quality-adjusted life-year. 
However, if any of these essential elements are missing, the cost per 
QALY can significantly increase [84]. AED programs implemented in 
schools receive strong support due to the significance of sports events in 
that environment and concerns about preventing sudden death among 
athletes. Despite the infrequency of such incidents, school programs 
seem to be effective.

Hospitals and Post-arrest Care
Hospitals play a crucial role in providing early care after a successful 

resuscitation, marking the final stage in the survival process. Post–
cardiac arrest syndrome is a complex clinical condition that involves 
various pathophysiological mechanisms. Myocardial dysfunction, 
neurological damage, systemic ischemic injury, and reperfusion injury 
necessitate prompt evaluation and treatment to stabilize the patient 
and prevent additional harm [85-87]. The development of systemic 
inflammatory and septic shock syndromes can also impact the patient’s 
ability to recover without disabilities. A multidisciplinary approach 
is employed, focusing on providing hemodynamic and ventilatory 
support, preserving neurological function, and preventing further 
injury and associated complications.

The aim of targeted temperature management is to slow down the 
pathophysiologic events and biochemical systems that lead to cellular 
damage. Initial controlled experiments used targeted temperatures 
ranging from 32 °C to 34 °C and showed improved neurological 
outcomes for patients experiencing VF arrests. However, uncertainties 
persist regarding the ideal target temperature, specific patient groups, 
duration of hypothermia, and methods for inducing, maintaining, and 
reversing it [88, 89]. The neurological outcomes of young patients with 
OHCA were not disparate after one year in a recent randomized trial 
conducted across multiple centers. The use of targeted temperature 
management remains a viable treatment option for patients under 18 
years of age, has been quickly integrated into standard clinical practice, 
and is still recommended for patients with shockable rhythms despite 

Association (AHA) approved the use of chest compression-only 
CPR for bystanders who witness a collapse. Subsequently, in 2010, 
the AHA updated the CPR protocol from Airway–Breathing–Chest 
Compression to Chest Compression–Airway–Breathing [67]. This 
modification was based on evidence demonstrating the effectiveness 
of bystander CPR and the importance of increasing its frequency and 
quality, while also removing obstacles that prevent laypersons from 
performing CPR. Moreover, survival rates for OHCA have risen by 40% 
[68, 69]. A recent extensive study conducted in Japan revealed that the 
widespread adoption of chest compression-only CPR by bystanders led 
to a significant enhancement in neurologically favorable survival.

Techniques of CPR for Young Children
Babies and children follow the same basic physiological principles 

as adults when it comes to CPR. However, there are variations in the 
technique to account for differences in age-related body size, elasticity 
of the chest wall, and primary causes of cardiac arrest. As a result, the 
AHA guidelines propose different compression-ventilation ratios and 
shallower compression depth for infants [70]. Chest compression–only 
CPR has proven to be effective as conventional CPR for children with 
presumed cardiac arrest.

Chain and Chances of Survival
During cardiac arrest, survival depends on the prompt initiation of 

treatment, with a 10% decrease in survival probability for each minute 
delay in the initiation of CPR. In the field, resuscitation principles have 
been deployed based on the chain of survival construct [71].

Survival rates for OHCA in the United States vary greatly. A 
study conducted across 10 North American locations found that 
survival rates ranged from 7.7% to 39.9%. While certain factors such as 
patient demographics, education, and health status contribute to these 
differences, it is likely that community and healthcare system elements 
play a significant role [72]. Numerous communities have made efforts 
to improve their survival statistics. As a result, they have witnessed a 
doubling or tripling of survival rates for OHCA, providing valuable 
insights for other communities seeking to enhance their systems. 
Key factors for success include strong leadership, active community 
involvement, a well-supported EMS system, and hospitals equipped to 
deliver exceptional post-arrest care [73].

Leadership-fostering a Culture for Outstanding 
Performance

In the high-achieving communities, the leaders have fostered 
a culture of outstanding performance, incorporating ongoing data 
gathering, examination, and documentation to assess the advancements 
made in the execution of innovative tactics [74]. Instances of triumphant 
novel methods have involved modifying CPR guidelines to reduce 
interruptions in chest compressions during defibrillation, providing 
uninterrupted chest compressions for extended periods, postponing 
ventilations, and intubation, and utilizing impedance threshold devices.

Community Participation and Responsibility 
Community participation and responsibility are crucial for the 

initial steps in the chain (prompt EMS activation, prompt CPR, and 
prompt defibrillation). Administering CPR as a bystander enhances the 
heart’s reaction to defibrillation and significantly increases the chances 
of survival upon hospital discharge while also improving neurological 
results [75]. Unfortunately, CPR training has been received by just a 
mere 4% of the American population, and out of the 15% to 20% of 
out-of-hospital cardiac arrests, only 20% to 30% receive CPR or 
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this apparently negative finding. Those patients with underlying CHD 
or reversible diseases may be eligible for extracorporeal membrane 
oxygenation, if existing protocols, personnel, and equipment are 
available and established [90-93]. Children who have experienced a 
cardiac arrest in-hospital may benefit from extracorporeal membrane 
oxygenation following prolonged CPR, no data is available to support its 
use in OHCA where cardiovascular support is markedly delayed [94-98].

Conclusions
In the last ten years, there has been an increase in available 

information to assist in identifying and treating children and young 
adults who are at risk of SCD. Although the occurrence of this issue is 
rare, its impact is significant. A systematic method can be employed to 
pinpoint areas for preventative measures and treatment. By arranging 
and contextualizing the pertinent research in each of these fields, 
notable gaps in understanding can be more easily recognized. Pressing 
inquiries that need to be answered encompass the following [2].

If we know SCD epidemiology in the young, can we use it to develop 
effective interventions? Should ECG screenings be used universally to 
identify young people at risk for SCD or should they focus on certain 
subgroups?

What is the proper method for conducting an evaluation after SCD, 
for both the deceased individual and their surviving family members? 
Additionally, what is the significance of genetic testing after death (also 
known as molecular autopsy)?

Can we lower the occurrence of SCD among young individuals 
by implementing preventative lifestyle limitations? Which specific 
conditions could benefit from this approach, what activities should be 
restricted, and how can we measure the impact of these interventions?

What is the most effective primary prevention ICD design and 
implant technique for young patients? Does improved design and 
implant technique improve the risk-to-benefit ratio in children and 
make them a more effective technology for high-risk patients?

Is it possible to modify the barriers that prevent the community 
from providing better resuscitation for the young? What can be done 
to improve survival outcomes after OHCA in the young through better 
EMS and post-resuscitation care?

The management of SCD in young individuals involves both 
proactive measures to reduce the risk and effective response to cardiac 
arrest by the community. These objectives can be achieved through 
various means, such as implementing screening programs to identify 
high-risk patients, evaluating the risk level of individuals with SCD-
predisposing conditions, providing appropriate preventative treatment 
and lifestyle advice, ensuring widespread availability of resuscitation 
expertise and advanced technology, as well as offering diagnostic 
assessment and follow-up care for affected families. Establishing and 
utilizing a nationwide registry specifically for SCD in young individuals 
will serve as a valuable data source, enabling the exploration of critical 
questions in this field.
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