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Abstract

IMPORTANCE: Out-of-hospital cardiac arrest incidence in apparently healthy adults younger 

than 40 years ranges from 4 to 14 per 100 000 person-years worldwide. Of an estimated 350 000 

to 450 000 total annual out-of-hospital cardiac arrests in the US, approximately 10% survive.

OBSERVATIONS: Among young adults who have had cardiac arrest outside of a hospital, 

approximately 60% die before reaching a hospital (presumed sudden cardiac death), 

approximately 40% survive to hospitalization (resuscitated sudden cardiac arrest), and 9% to 

16% survive to hospital discharge (sudden cardiac arrest survivor), of whom approximately 

90% have a good neurological status (Cerebral Performance Category 1 or 2). Autopsy-based 

studies demonstrate that 55% to 69% of young adults with presumed sudden cardiac death have 

underlying cardiac causes, including sudden arrhythmic death syndrome (normal heart by autopsy, 

most common in athletes) and structural heart disease such as coronary artery disease. Among 

young adults, noncardiac causes of cardiac arrest outside of a hospital may include drug overdose, 

pulmonary embolism, subarachnoid hemorrhage, seizure, anaphylaxis, and infection. More than 

half of young adults with presumed sudden cardiac death had identifiable cardiovascular risk 

factors such as hypertension and diabetes. Genetic cardiac disease such as long QT syndrome 

or dilated cardiomyopathy may be found in 2% to 22% of young adult survivors of cardiac 

arrest outside of the hospital, which is a lower yield than for nonsurvivors (13%−34%) with 

autopsy-confirmed sudden cardiac death. Persons resuscitated from sudden cardiac arrest should 

undergo evaluation with a basic metabolic profile and serum troponin; urine toxicology test; 

electrocardiogram; chest x-ray; head-to-pelvis computed tomography; and bedside ultrasound to 

assess for pericardial tamponade, aortic dissection, or hemorrhage. Underlying reversible causes, 

such as ST elevation myocardial infarction, coronary anomaly, and illicit drug or medication 

overdose (including QT-prolonging medicines) should be treated. If an initial evaluation does not 

reveal the cause of an out-of-hospital cardiac arrest, transthoracic echocardiography should be 

performed to screen for structural heart disease (eg, unsuspected cardiomyopathy) or valvular 

disease (eg, mitral valve prolapse) that can precipitate sudden cardiac death. Defibrillator implant 

is indicated for young adult sudden cardiac arrest survivors with nonreversible cardiac causes 

including structural heart disease and arrhythmia syndromes.
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CONCLUSIONS AND RELEVANCE: Cardiac arrest in apparently healthy adults younger than 

40 years may be due to inherited or acquired cardiac disease or noncardiac causes. Among young 

adults who have had cardiac arrest outside of a hospital, only 9% to 16% survive to hospital 

discharge. Sudden cardiac arrest survivors require comprehensive evaluation for underlying causes 

of cardiac arrest and cardiac defibrillator should be implanted in those with nonreversible cardiac 

causes of out-of-hospital cardiac arrest.

Sudden cardiac arrest and sudden cardiac death in apparently healthy young adults (aged 

18–40 years) are catastrophic life events that have substantial negative effects on patients 

and their family members. In the US, recent data estimate between 350 000 and 450 000 

annual total adult out-of-hospital cardiac arrests, approximately 90% of which are fatal.1 

The causes of sudden cardiac arrest in young adults are heterogeneous and may include 

genetic and acquired factors, such as hypertension, dyslipidemia, and physical inactivity. 

The 3 outcomes following out-of-hospital cardiac arrest in previously healthy young adults 

are (1) death out of the hospital, (2) resuscitation with subsequent in-hospital death, or 

(3) survival to discharge (including long-term survival). In this review, we summarize the 

epidemiology and pathophysiology of out-of-hospital cardiac arrest and sudden cardiac 

death, and the clinical assessment and treatment of apparently healthy young adults with no 

known structural heart or coronary artery disease (CAD), who are resuscitated from sudden 

cardiac arrest (see Box).

Methods

We conducted a PubMed literature search for English-language articles using the keywords 

sudden cardiac death, out of hospital cardiac arrest, and young published between 

January 1, 2000, to December 13, 2024. Among 4340 records identified, we excluded 

studies involving patients with known underlying disease, infants and children, and case 

reports. We reviewed a total of 1035 articles and included studies that addressed the 

epidemiology, pathophysiology, clinical practice, or prognosis of out-of-hospital cardiac 

arrest in young adults. Of the 125 studies included in this review; 11 were randomized 

clinical trials; 4 meta-analyses; 22 longitudinal, prospective observational studies; 64 

retrospective observational studies; 3 guidelines documents; 6 consensus statements; 11 

reviews; 1 basic research study; an editorial; a Centers for Disease Control and Prevention 

(CDC) brief report; and a CDC web page reference. This review primarily summarizes 

evidence published for young adults aged 18 to 40 years, but was extended to 50 years when 

certain data were limited in this age range.

Overview of Definitions and Classification Scheme

Out-of-hospital cardiac arrests are “events that occur out of the hospital in which an 

emergency medical services (EMS) rescuer detects no signs of circulation or mechanical 

cardiac activity.”2–4 This definition does not specify “suddenness” of cardiac arrest (ie, 

duration of symptoms prior to event), or “unexpectedness.” The case definitions of sudden 
cardiac death in clinical registries or epidemiological research vary based on the use 

of death certificates,5–7 reviews of EMS8 or hospital records6,9–12 or whether the cases 

met the criteria of epidemiological definitions (eg, World Health Organization),13 society 

definitions (eg, Cardiac Arrest Registry to Enhance Survival [CARES]),3,4 outcomes of 
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clinical trials,14–17 or the definition required in pathology-based studies.18–27 Because most 

individuals who died from sudden cardiac death do not have autopsies to confirm the 

underlying cause, sudden cardiac death is typically presumed to be of cardiac etiology.28 A 

person resuscitated from an out-of-hospital cardiac arrest to hospitalization is classified as 

having resuscitated out-of-hospital cardiac arrest, regardless of subsequent in-hospital death 

or survival to discharge, the latter of whom are sudden cardiac arrest survivors. A summary 

of these definitions is shown in Figure 1.

Out-of-Hospital Cardiac Arrest

The reported worldwide incidence of out-of-hospital cardiac arrest among adults younger 

than 40 years is 4.4 to 14.4 per 100 000 person-years (Table 1).8,11,29,30 Few worldwide 

data exist on outcomes following an event specifically in young adults. However, among 

206 individuals aged 18 to 44 years who had arrested outside the hospital in Taiwan 

from 2017 to 2021, approximately 60% had sudden death (ie, presumed sudden cardiac 

death) and approximately 40% were resuscitated to hospitalization, thus classified as having 

resuscitated sudden cardiac arrest.37

Pathophysiology of Cardiac Arrest: Arrhythmias that cause cessation of cardiac 

mechanical activity2,4,9 include tachyarrhythmias such as ventricular tachycardia (VT) 

and ventricular fibrillation (VF), and bradyarrhythmias. VT, VF, and bradyarrhythmias are 

acutely reversible with defibrillation or pacing and may be caused by myocardial injury via 

acquired cardiac disease (eg, ischemia, inflammation, pressure overload), inherited cardiac 

disease (eg, arrhythmia syndromes), acute electrolyte imbalance (eg, hyperkalemia due to 

kidney failure), or autonomic dysregulation. Approximately 10% of persons who have had 

cardiac arrests out of the hospital have pulseless electrical activity,8 characterized by the 

absence of a palpable pulse in an unconscious person with organized electrical activity 

other than VT or VF on electrocardiogram (ECG).38 Underlying conditions responsible 

for pulseless electrical activity include acute heart failure, cardiac tamponade, acidosis, 

hemorrhage, hypoxia, or tension pneumothorax. Asystole is defined as a complete absence 

of electrical and mechanical cardiac activity.

These terminal rhythms can be due to unrecognized underlying structural heart disease such 

as CAD or cardiomyopathy, arrhythmia syndromes such as long QT syndrome (LQTS) 

or Brugada syndrome, and conditions that predispose to arrhythmias such as muscular 

dystrophies39 but may also be caused by noncardiac conditions such as neurocardiogenic 

VF due to intracranial hemorrhage,40 bradyarrhythmias secondary to opioid overdose,18 and 

serum electrolyte disorders.41 Opioids, stimulants (eg, cocaine), or supplements (eg, herbal 

medications, energy drinks)42,43 can also cause sudden cardiac arrest via QT prolongation,44 

predisposing to polymorphic VT, also called torsades de pointes. Congenital conditions such 

as anomalous coronary artery origin with a course between the aorta and pulmonary artery 

can predispose to cardiac arrest via myocardial ischemia.45

Etiology: The most common etiologies of out-of-hospital cardiac arrest in US adults 

aged 25 to 35 years are CAD (43%), followed by sudden unexplained death (14%).11 In 

a Canadian study, the most common etiologies of cardiac arrest among 131 individuals 
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aged 25 through 34 years were structural heart disease (including cardiomyopathy 

and myocarditis) and sudden unexplained death, each accounting for 28%.46 Among 

hospitalizations in the US for overdoses, opioid-associated out-of-hospital cardiac arrest 

increased from 1% of hospitalizations in 2000 to 2% in 2013,47,48 although recent CDC 

data show a decrease in opioid overdose deaths from 84 181 in 2022 to 81 083 in 2023.49 

Positive drug toxicology was reported in 17.1% of out-of-hospital cardiac arrests among 

persons aged 1 to 50 years (median, 42.4 years) in an Australian study from April 2019 to 

April 2021.29

Outcomes: A retrospective observational cohort study from the CARES registry reported 

101 968 out-of-hospital cardiac arrests in the US from 2006 through 2013, of which 

approximately 6% occurred among individuals aged 20 through 39 years; survival rate to 

hospital discharge ranged from 11% (30–39 years) to 16% (20–24 years).50 Approximately 

85% to 95% of out-of-hospital cardiac arrest survivors aged 20 through 49 years were 

discharged with good neurological outcome, as defined by a Cerebral Performance 

Categories scale of 1 or 2.2,50,51 In an Australian registry conducted from 2000 through 

2009 involving 3912 patients aged 16 though 39 years with out-of-hospital cardiac arrest, 

the survival rate was 8.8%.52 The overall survival rate of young adults experiencing out-of-

hospital cardiac arrest was 9% in a prospective US study from 2005 through 2007 involving 

665 persons aged 20 through 39 years, and increased to 34.8% for those with bystander-

witnessed VT or VF who were more likely to receive prompt initial cardiopulmonary 

resuscitation (CPR) or automated external defibrillator use53 (Figure 1).

Sudden Cardiac Death

Epidemiology: The worldwide incidence of presumed sudden cardiac death is 4.2 to 

7.8 per 100 000 person-years in adults younger than 40 years and 23 to 34 per 100 000 

person-years in adults aged 40 through 49 years (Table 1).12,18,30–32 In a US study from 

1999 through 2015 (n = 31 492) with race determined by examination of death certificates, 

Black individuals younger than 34 years had a higher incidence of presumed sudden cardiac 

deaths (1.88 per 100 000 person-years in 2015) than Hispanic individuals (0.66 per 100 

000 person-years), and White individuals (1.17 per 100 000 person-years),54 which may be 

due to inequitable access to care55 and racial disparities among out-of-hospital resuscitation 

attempts. Several US studies have found that White individuals were more likely to receive 

bystander CPR after a witnessed cardiac arrest and postresuscitation care than were Black 

and Hispanic persons.56,57 Incidence of presumed sudden cardiac death among adults 

younger than 40 years in Cameroon was higher at 12 to 42 per 100 000 person-years (Table 

1).10

Over a 3-year study period (2011–2014), autopsies of 32 persons aged 18 through 39 

years with presumed sudden cardiac deaths in San Francisco demonstrated that 40% had 

a noncardiac cause.18 Even when a lethal rhythm is documented at the time of sudden 

death, including VT or VF40 or complete heart block,18 death may be due to underlying 

noncardiac causes, such as intracranial hemorrhage or drug overdose. Autopsy rates to 

confirm the cause of presumed sudden cardiac death after an out-of-hospital cardiac arrest 

vary widely depending on sex, country, region, and study.58 Combined data from 4 autopsy-
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based studies worldwide that include 529 presumed sudden cardiac deaths among those 

aged 14 through 44 years, with autopsy rates ranging from 43% to 100%, demonstrated that 

cardiac causes accounted for 64% of sudden deaths. The most frequent cardiac causes were 

coronary artery disease (22% of all presumed sudden cardiac deaths), sudden arrhythmic 

death syndrome (16%), hypertrophic cardiomyopathy (12%), and cardiomyopathy (11%). 

The most frequent noncardiac causes were neurological (9.3%), pulmonary (8.1%), overdose 

(4.7%), and infection (4.7%).18,24,33,34

The incidence of sudden cardiac death defined by autopsy for individuals younger than 

40 years is 1.1 to 5.8 per 100 000 person-years (Table 1).20–23,35,36 The distribution 

of underlying causes of sudden cardiac arrest in resuscitated patients differs from those 

who were not resuscitated (ie, sudden cardiac death) with significantly more noncardiac 

causes in the latter.59 Among autopsy studies of persons younger than age 30 years 

who had sudden cardiac death, the most common cause was sudden arrhythmic death 

syndrome with normal heart on postmortem examination (36%−49%).20,21 The proportion 

of cases attributable to CAD increased with age, from 6% to 14% in persons younger 

than 30 years and to 19% to 46% in persons aged 30 years or older.20,21,35,36 Unexpected 

myocarditis is another relatively common underlying cause of sudden cardiac death in young 

adults.20,21,35 Autopsy-confirmed dilated cardiomyopathy was more frequently identified 

among individuals who were older than 30 years (10%) than individuals who were younger 

than 30 years (5%).20,21 In 1 study of sudden cardiac death in young adults (n = 2006, 

median age, 28 years), CAD was more common in males (44%) than in females (27%), 

whereas unspecified cardiomyopathy (5% males vs 7% females, P = .04), myocarditis (9% 

males vs 14% females, P < .001), and valvular heart disease (2% males vs 7% females, P < 

.001) were more common in young females.22

Autopsy-based studies of individuals with sudden cardiac death aged 18 to 50 years 

reported that 65% to 78% had at least 1 known cardiovascular disease (CVD) risk factor 

(ie, hypertension, diabetes, dyslipidemia, obesity, smoking) before death.18,60 In these 

studies, compared with the reported prevalence of individual risk factors in the general US 

population among those aged 20 through 44 years,61 the reported prevalence of hypertension 

and diabetes was higher among those with sudden cardiac death (22%−24% vs 12% and 

12%−19% vs 4%, respectively).

Clinical Presentation of Sudden Cardiac Death: In young adults, sudden cardiac 

arrest occurs more frequently at rest and during sleep than during exercise. In a study 

in which 153 persons aged 19 to 34 years, only 8 (5.2%) occurred during sports-related 

activity.62 Other studies have found that among young adults, the sudden cardiac death 

occurred during exercise in 7% to 15%, whereas 30% to 40% died during sleep.20–23,35,36

Sudden cardiac death during sexual intercourse is rare. An autopsy-based study involving 

6847 persons with sudden cardiac death in the UK reported that 17 (0.2%) occurred during 

or within an hour of sexual intercourse. The mean age of the 17 who died suddenly was 38 

years, 11 (65%) of whom were men. The autopsy results showed that 9 cases (53%) had a 

structurally normal heart consistent with sudden arrhythmic death syndrome.63

Tseng and Nakasuka Page 5

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Resuscitated Sudden Cardiac Arrest

Approximately 40% of young adults who have had cardiac arrest outside of a hospital 

survive to hospitalization and are thus classified has having resuscitated sudden cardiac 

arrest (Figure 1).

Evaluation and Management of Young Adults Resuscitated From Sudden 
Cardiac Arrest: Figure 2 shows an overview of the evaluation of young adults 

who had been resuscitated from sudden cardiac arrest. Emergency workup includes 

a 12-lead electrocardiogram (ECG) after return of spontaneous circulation, toxicology 

testing, a bedside neurological assessment, and neuroimaging (eg, head computed 

tomography [CT]) after the patient has stabilized. If ECG shows STEMI or unstable 

arrhythmia, the patient should be referred for emergency coronary angiography. Complete 

coronary revascularization should be performed for acute ischemia causes, including 

surgery if coronary anomaly is found. Figure 3 shows representative ECGs of high-

risk arrhythmia conditions: LQTS (present in 13% of young adults resuscitated from 

sudden cardiac arrest),64 Wolff-Parkinson-White syndrome (5%−12%),64,65 arrhythmogenic 

right ventricular cardiomyopathy (10%),64 and Brugada syndrome (<1%).66 Repeating 12-

lead ECGs are important during evaluation because ECG waveforms, particularly type 

1 waveform in Brugada syndrome67 and the QT interval, may show day-to-day and 

circadian variation68 and variation after the initial resuscitation due to ischemia, autonomic 

fluctuations, and electrolyte derangements (eg, hypokalemia, hypomagnesemia) after sudden 

cardiac arrest.69

If the corrected QT interval remains at 460 milliseconds or longer for females or 450 

milliseconds or longer for males70 beyond 6 days after resuscitation,71 patients should 

be evaluated for LQTS, the most common arrhythmia syndrome causing sudden cardiac 

arrest.64 In patients with LQTS, a prolonged QT interval results in the end of the T wave 

often exceeding half of the RR interval, along with broad, biphasic, or notched T waves 

with beat-to-beat alternans (Figure 3A).72 In a study of 647 untreated patients older than 

28 years with LQTS, 13% experienced out-of-hospital cardiac arrest or sudden death before 

age 40 years.73 LQTS can be either congenital or acquired, most commonly due to drugs 

such as anti-arrhythmics, antipsychotics, antidepressants, or antibiotics (a continuously 

updated list can be found at https://crediblemeds.org/). However, some acquired LQTS cases 

may have underlying congenital LQTS unmasked by drugs or other predisposing factors 

such as electrolyte abnormalities (hypokalemia, hypomagnesemia, and hypocalcemia) or 

bradyarrhythmias. Evaluation for acquired LQTS should be reassessed after resolution of 

these factors.74

In Brugada syndrome, type 1 pattern (ie, coved shape of ST segment) in leads V1 and V2 

can sometimes be recorded when these leads are moved to the second or third intercostal 

spaces instead of the typical fourth intercostal space (Figure 3B).74 In preexcitation 

syndromes (ie, Wolff-Parkinson-White), the observed delta waves are a marker for potential 

atrioventricular reentrant tachycardia or VF via preexcited atrial fibrillation (Figure 3C).75 

In some cases of arrhythmogenic right ventricular cardiomyopathy, epsilon waves that 
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represent delayed right ventricular conduction can be observed in the ST segment in the 

right precordial leads (Figure 3D).76

Clinicians evaluating persons hospitalized after resuscitation from out-of-hospital cardiac 

arrest should review documented cardiac rhythm from EMS records and the circumstances 

of arrest, including witness accounts. They should obtain a family history of heart 

disease for at least 3 generations, syncope, sudden cardiac arrest, or sudden cardiac death 

and should evaluate for use of QT-prolonging medications, substance use (eg, cocaine, 

methamphetamine, or ketamine), and supplements (eg, kratom, tianeptine).43,77,78 If the 

cause is not determined with initial laboratory tests (eg, serum electrolytes or troponin), 

coronary angiography, or imaging examinations (eg, chest x-ray for pneumothorax, 

bedside ultrasound for pericardial tamponade, aortic dissection, or hemorrhage, and 

head-to-pelvis CT scan for intracranial or chest or pelvis emergencies), transthoracic 

echocardiography should be performed to screen for structural heart disease such as 

unsuspected cardiomyopathy or valvular disease such as mitral valve prolapse, a condition 

in young persons (especially females) that can precipitate sudden cardiac death due to VF or 

sustained VT.79

If transthoracic echocardiography reveals a normal structural heart and ECG 

shows no findings consistent with an arrhythmia syndrome, further evaluation with 

electrophysiological study (EPS), sodium channel blocker challenge, or stress ECG testing 

may be performed (Figure 3). Because delta waves in Wolff-Parkinson-White syndrome 

and Brugada pattern may not be apparent on initial ECGs after resuscitation, an EPS can 

identify and treat accessory pathways responsible for cardiac arrest.80 A sodium channel 

blocker challenge during EPS involves administration of drugs such as flecainide, ajmaline, 

and pilsicainide to unmask a type 1 Brugada ECG pattern.74 Stress ECG testing can identify 

catecholaminergic polymorphic VT (CPVT) if bidirectional VT is observed during exercise, 

or LQTS if the QT interval does not shorten with exercise or remains prolonged during the 

recovery phase.74,81

Outcomes After Resuscitation: An estimated 60% to 78% of young adults hospitalized 

after resuscitation from sudden cardiac arrest do not survive to hospital discharge (Figure 

1).52,53,82 This in-hospital mortality rate is similar to that of older adults who were 

resuscitated to hospitalization (≈ 65%).59

Secondary Prevention of Recurrent Sudden Cardiac Arrest: For certain 

noncardiac causes of out-of-hospital cardiac arrest (eg, hemorrhage, infection, hypoxia) or 

reversible cardiac causes (eg, acute ischemia due to ST-segment elevation MI or coronary 

anomaly), treatment of the underlying condition reduces risk of recurrent sudden cardiac 

arrest. For patients who survived an out-of-hospital cardiac arrest that involved stimulants 

or supplements, avoidance of these substances can prevent recurrence. For patients with 

an event caused by an opioid overdose, counseling, education, and medications to treat 

opioid use disorder (eg, buprenorphine, methadone, and naltrexone) are recommended to 

decrease the risk of recurrence.48 Survivors with a previously undiagnosed seizure disorder 

should be treated and closely followed up given a more than 20-fold higher risk of sudden 

unexplained death in persons with epilepsy compared with the general population.83 For 
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survivors with coronary anomalies such as congenital atresia of the left main artery and 

anomalous aortic origin of a coronary artery, surgical intervention is recommended to 

prevent recurrent sudden cardiac arrest.74,80,84 Among persons presenting with VF due 

to acute MI with coronary plaque rupture and/or thrombus (typically <48 hours), risk of 

a recurrent event is reduced after early revascularization such as percutaneous coronary 

intervention. Implantable cardioverter-defibrillator (ICD) is not indicated for secondary 

prevention.74,85

Sudden cardiac arrest survivors in whom noncardiac or reversible causes are excluded 

remain at high risk of recurrent ventricular arrhythmias.86 Based on landmark trials 

in the 1990s and 2000s, ICD implants as secondary prevention is indicated for these 

patients,87–89 particularly for those diagnosed with structural heart disease, such as dilated 

cardiomyopathy, or arrhythmia syndromes, such as LQTS, Brugada syndrome, and CPVT 

(Figure 2, Table 2). An alternative to conventional ICD with transvenous leads is a 

subcutaneous ICD in which the lead is tunneled subcutaneously instead of passing through 

the blood vessels. Subcutaneous ICDs have fewer long-term lead-related complications 

than conventional ICDs, so they may be reasonable for younger patients with primary 

arrhythmia syndromes. However, according to recent European Society of Cardiology 

guidelines (class IIa, level B), conventional transvenous ICDs are recommended for patients 

who require pacing for bradyarrhythmias or LQTS, cardiac resynchronization therapy with 

coronary sinus lead, or antitachycardia pacing for VT.74,90 Despite ICD implants, survivors 

remain at risk of spontaneous VT or VF, with a reported recurrence rate of 37% during a 

2-year follow-up among Australian adults.91 Thus, adjunctive pharmacotherapy, especially 

amiodarone,92,93 or catheter ablation92,94,95 may be used in combination with ICD.

A summary of recent European recommendations for secondary prevention of recurrence in 

survivors of sudden cardiac arrest is shown in Table 2.74 Certain medications and lifestyle 

habits such as exercise should be avoided in patients with specific primary arrhythmia 

syndromes. For patients with LQTS, QT-prolonging medications (eg, ciprofloxacin and 

odansetron) and genotype-specific triggers that increase ventricular arrhythmia risk 

(strenuous exercise in LQT type 1 [LQT1]; emotions such as extreme stress or fear, and 

sudden loud noise in LQT2) should be avoided. Individuals with Brugada syndrome should 

avoid excessive alcohol use and certain drugs (eg, tricyclic antidepressants, class 1A or 

class 1C antiarrhythmics such as procainamide or flecainide, cocaine, and other drugs; see 

https://www.brugadadrugs.org/drug-lists/). Fever (temperature >38.0 °C) can increase risk of 

VF in patients with Brugada syndrome so should be promptly reduced with antipyretics.74,96 

For patients with CPVT, strenuous exercise and high psychological stress may increase 

adrenergic activity and should be avoided.

Prognosis in Sudden Cardiac Arrest Survivors: The 10-year survival rate of sudden 

cardiac arrest survivors aged 40 years or younger was 90% in an Australian registry.97 The 

rate of recurrent arrest (both out of and in the hospital) or death in survivors aged 18 to 39 

years in a Swedish registry was approximately 15% a year after the out-of-hospital cardiac 

arrest.98 One-year overall mortality of subcutaneous ICD recipients aged 15 to 34 years was 

4.3% in one cohort,90 whereas the VT or VF recurrence rate estimated by subcutaneous ICD 
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recording in secondary prevention recipients (age not reported) in a separate study was 9.9% 

at 1 year and 15.8% at 3 years.99

Genetic Testing

Postmortem Genetic Investigation: Postmortem genetic testing to investigate the 

association between gene variants (genotype) and etiology assessments by autopsy 

(phenotype) has increased recently for research purposes and to inform family members 

about potentially inherited disease. Genetic studies of sudden deaths in young adults 

demonstrate that the genetic yield for pathogenic or likely pathogenic variants in 

autopsy-confirmed sudden cardiac deaths ranged from 13% to 34% (see eTable 1 in 

the Supplement).20,100–103 These yields are obtained after careful etiologic assessment 

by comprehensive postmortem investigation (including toxicology) for accurate genotype-

phenotype correlation.

Sudden arrhythmic death without an apparent cause identified by autopsy is often attributed 

to arrhythmia syndromes. Of 490 prospectively ascertained sudden cardiac deaths by 

autopsy in persons aged 1 to 35 years in Australia,20 113 were adjudicated as sudden 

arrhythmic death syndrome (ie, normal structural heart) and underwent genetic testing. 

Clinically relevant pathogenic or likely pathogenic variants in cardiac genes were found 

in 27%; major associated disorders included LQTS, Brugada syndrome, arrhythmogenic 

right ventricular cardiomyopathy, and CPVT. Another study of 103 sudden cardiac deaths 

defined by autopsy in persons aged 1 to 44 years without known CVD referred from 24 

US medical examiners’ offices identified pathogenic or likely pathogenic variants associated 

with dilated cardiomyopathy, hypertrophic cardiomyopathy, LQTS, and arrhythmogenic 

right ventricular cardiomyopathy in 13%.103 However, the total number of eligible sudden 

deaths was not reported, so it is unclear how this applies to all young adults with sudden 

cardiac death. A single center prospective study in the UK revealed that among 303 referred 

family members of individuals who had sudden arrhythmic death syndrome, 128 (42%) 

were diagnosed with inherited cardiac diseases including Brugada syndrome, LQTS, and 

dilated cardiomyopathy.104

Genetic Testing of Sudden Cardiac Arrest Survivors: Genetic testing of sudden 

cardiac arrest survivors and additional cardiac screening of family members may 

detect previously unknown cardiomyopathy, such as dilated cardiomyopathy, hypertrophic 

cardiomyopathy, or primary arrhythmia syndrome.64,101,103 In the 2020 Asian Pacific Heart 

Rhythm Society and Heart Rhythm Society expert consensus statement, genetic testing of 

survivors is recommended if the results are likely to aid diagnosis, management, or family 

screening (class I, level B).105 However, the yield of genetic testing from studies of survivors 

with clinically unexplained VT/VF targeting arrhythmia and cardiomyopathy genes ranged 

from 2% to 22%, which is lower than the percentage of pathogenic or likely pathogenic 

variants in cardiac genes among those who had sudden cardiac death (ie, nonsurvivors).106–

109

Cardiac Screening of Family Members of Resuscitated Patients: In a Canadian 

study of 63 patients with unexplained cardiac arrest due to VT or VF (although toxicology 
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was not performed), genetic testing of family members (mean age, 30 years) identified 

causative genetic variants for LQTS, Brugada syndrome, and CPVT in 24%.64 If the 

phenotype in a patient resuscitated after sudden cardiac arrest is established, a recent expert 

consensus statement105 recommends genetic testing focused on potential candidate genes 

and clinical evaluation of family members to identify relatives who have or are at risk of 

developing the same condition. If the cause of sudden cardiac arrest is not determined, 

first-degree relatives may undergo clinical evaluation, including ECG, cardiac imaging, 

ambulatory monitoring, and provocative testing. In addition, psychological evaluation and 

treatment of grief and posttraumatic stress in survivors and their immediate family members 

by trained mental health professionals is recommended.105

Sudden Cardiac Arrest in Young Athletes

Athletes are generally considered healthier than young adults in the general population. In 

studies of children and young adults, incidence of sudden death in athletes was reported 

to be low at approximately 1 per 100 000 person-years.110,111 However in a prospective 

study of 11 168 adolescent soccer players (mean age, 16.4 years, 95% male) in the English 

Football Association cardiac screening program from 1996 through 2016, the incidence 

of sudden death was 6.8 per 100 000 person-years.112 The most common causes of 

sudden death in young athletes are sudden arrhythmic death syndrome, coronary anomalies, 

myocarditis, and valvular disease.110,113 A meta-analysis evaluating sudden cardiac death 

etiology in individuals younger than 35 years from 2010 through 2020 demonstrated that 

the following cardiac conditions were more common among athletes than nonathletes: 

hypertrophic cardiomyopathy (11.9% vs 3.9%; P = .002), dilated cardiomyopathy (3.6% vs 

0.8%; P = .047), and anomalous coronary arteries (7.2% vs 1.9%; P = .009).114

In the last 2 decades, preparticipation screening for early identification of young competitive 

athletes at risk of sudden cardiac arrest in high school, college, and professional settings 

has been investigated. A study of competitive athletes in the Veneto region of Italy, 

where ECG is routinely employed as part of preparticipation screening, and those in the 

US (Minnesota), where preparticipation prescreening is limited to history and physical 

examination, found a comparable incidence of cardiovascular deaths (0.87 vs 0.93 per 

100 000 person-years, respectively) between 1993 and 2004.115 The American Heart 

Association–American College of Cardiology consensus statement116 on preparticipation 

screening recommends the American Heart Association 14-point screening guide,110 

including a comprehensive history taking and a physical examination for young athletes 

(class I recommendation), but does not recommend routine ECG screening of young 

adults (athletes and non-athletes) in the general population (class III), due to concerns 

about diagnostic accuracy, cost-effectiveness, and availability of physicians and equipment 

needed for screening. ECGortransthoracic echocardiography should only be performed 

in select individuals in whom genetic, congenital, or other cardiovascular abnormalities 

are suspected or identified (class IIb).116 This recommendation differs from recent ESC 

guideline recommendations that preparticipation screening should include a 12-lead ECG 

for all competitive athletes younger than 35 years (class IIa).74 This recommendation was 

supported by outcome data from the Veneto region, which showed declining incidence of 

sudden death in young competitive athletes after introduction of a nationwide prescreening 
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program using ECG.117 Some data suggest that compared with history and physical 

examination, ECG may provide superior accuracy to identify athletes at potential risk of 

sudden death, primarily due to detection of preexcitation syndromes (sensitivity 88% vs 

19%, specificity 98% vs 75%).118,119

Commotio cordis is cardiac arrest precipitated by blunt force to the chest sufficient to trigger 

VF, as has been witnessed during televised sporting events recently.120,121 Although the 

incidence of commotio cordis is unknown, in the US more than 90% of cases occur among 

individuals younger than 25 years.122 Commotio cordis occurs most commonly in baseball, 

softball, and football in the US, whereas soccer, cricket, and hockey were the sports most 

commonly associated with it in non-US populations.122 The US Commotio Cordis Registry 

reported a survival rate of 58% in 216 persons with sudden cardiac arrest due to commotio 

cordis (age range, 0.2–51 years; mean, 15 years, 95% male) from 2006 through 2012.123 

Higher survival rates were associated with more prompt resuscitation and participation in 

organized competitive sports. Multivariate analysis identified participation in recreational 

sports with lower survival (odds ratio [OR] compared with organized competitive sports, 

0.33; 95% CI, 0.16–0.67) and onsite automated external defibrillator with higher survival 

(OR, 4.61; 95% CI, 1.43–14.88).123

A prospective cohort study from 2012 through 2019 of individuals aged 18 to 35 years 

with sports-related sudden cardiac arrest in Germany and France demonstrated that public 

automated external defibrillator use prior to EMS arrival was associated with improved 

survival to hospital discharge (OR, 6.25; 95% CI, 1.48–43.20); individuals with sudden 

cardiac arrest who received both immediate bystander CPR and automated external 

defibrillator had 91% survival.124 Arecent meta-analysis demonstrated that in sports-related 

sudden cardiac arrest, bystander presence (OR, 2.55; 95% CI, 1.48–4.37), bystander CPR 

(OR, 3.84; 95% CI, 2.36–6.25), and bystander automated external defibrillator use (OR, 

5.25; 95% CI, 3.58–7.70) were associated with improved survival.125

Limitations

This review has several limitations. First, literature on cardiac arrest in young adults was 

limited and many epidemiological studies of young adults often also include children and 

adolescents. Therefore, we included some articles with a wider age range (1–50 years) in 

this review. Second, the quality of included studies was not formally assessed. Third, some 

relevant articles may have been missed. Fourth, data from autopsy-based studies are limited 

by regional variations in autopsy rates and associated bias of cases selected for autopsy.

Conclusions

Cardiac arrest in apparently healthy adults younger than 40 years may be due to inherited 

or acquired cardiac disease or noncardiac causes. Among young adults with out-of-hospital 

cardiac arrest, only 9% to 16% survive to hospital discharge. Sudden cardiac arrest survivors 

require comprehensive evaluation for underlying causes of cardiac arrest, and cardiac 

defibrillator should be implanted in those with nonreversible cardiac causes.

Tseng and Nakasuka Page 11

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Conflict of Interest Disclosures:

Dr Tseng reported receiving grants from the National Heart, Lung, and Blood Institute 

(R01 HL147035 and R01 HL157247) and the Centers for Disease Control and Prevention 

(NU58DP007700) during the conduct of the study and holding patent US10959624B2. No 

other disclosures were reported.

REFERENCES

1. Tsao CW, Aday AW, Almarzooq ZI, et al. ; American Heart Association Council on Epidemiology 
and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart disease and 
stroke statistics-2023 update: a report from the American Heart Association. Circulation. 
2023;147(8):e93–e621. doi:10.1161/CIR.0000000000001123 [PubMed: 36695182] 

2. McNally B, Robb R, Mehta M, et al. Out-of-hospital cardiac arrest surveillance—Cardiac Arrest 
Registry to Enhance Survival (CARES), United States, October 1, 2005–December 31, 2010. 
MMWR Surveill Summ. 2011;60(8):1–19.

3. McNally B, Stokes A, Crouch A, Kellermann AL, Group CS; CARES Surveillance Group. 
CARES: Cardiac Arrest Registry to Enhance Survival. Ann Emerg Med. 2009;54(5):674–683.e2. 
doi:10.1016/j.annemergmed.2009.03.018 [PubMed: 19394110] 

4. Jacobs I, Nadkarni V, Bahr J, et al. ; International Liaison Committee on Resuscitation; American 
Heart Association; European Resuscitation Council; Australian Resuscitation Council; New 
Zealand Resuscitation Council; Heart and Stroke Foundation of Canada; InterAmerican Heart 
Foundation; Resuscitation Councils of Southern Africa; ILCOR Task Force on Cardiac Arrest 
and Cardiopulmonary Resuscitation Outcomes. Cardiac arrest and cardiopulmonary resuscitation 
outcome reports: update and simplification of the Utstein templates for resuscitation registries: a 
statement for healthcare professionals from a task force of the International Liaison Committee 
on Resuscitation (American Heart Association, European Resuscitation Council, Australian 
Resuscitation Council, New Zealand Resuscitation Council, Heart and Stroke Foundation of 
Canada, InterAmerican Heart Foundation, Resuscitation Councils of Southern Africa). Circulation. 
2004;110(21):3385–3397. doi:10.1161/01.CIR.0000147236.85306.15 [PubMed: 15557386] 

5. Gillum RF. Sudden coronary death in the United States: 1980–1985. Circulation. 1989;79(4):756–
765. doi:10.1161/01.CIR.79.4.756 [PubMed: 2924409] 

6. Escobedo LG, Zack MM. Comparison of sudden and nonsudden coronary deaths in the United 
States. Circulation. 1996;93(11):2033–2036. doi:10.1161/01.CIR.93.11.2033 [PubMed: 8640979] 

7. Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac death in the United States, 1989 to 
1998. Circulation. 2001;104(18):2158–2163. doi:10.1161/hc4301.098254 [PubMed: 11684624] 

8. Kitamura T, Iwami T, Nichol G, et al. ; Utstein Osaka Project. Reduction in incidence and fatality 
of out-of-hospital cardiac arrest in females of the reproductive age. Eur Heart J. 2010;31(11):1365–
1372. doi:10.1093/eurheartj/ehq059 [PubMed: 20231155] 

9. Nichol G, Rumsfeld J, Eigel B, et al. ; American Heart Association Emergency Cardiovascular Care 
Committee; American Heart Association Council on Cardiopulmonary, Perioperative, and Critical 
Care; American Heart Association Council on Cardiovascular Nursing; American Heart Association 
Council on Clinical Cardiology; Quality of Care and Outcomes Research Interdisciplinary 
Working Group. Essential features of designating out-of-hospital cardiac arrest as a reportable 
event: a scientific statement from the American Heart Association Emergency Cardiovascular 
Care Committee; Council on Cardiopulmonary, Perioperative, and Critical Care; Council on 
Cardiovascular Nursing; Council on Clinical Cardiology; and Quality of Care and Outcomes 
Research Interdisciplinary Working Group. Circulation. 2008;117(17):2299–2308. doi:10.1161/
CIRCULATIONAHA.107.189472 [PubMed: 18413503] 

Tseng and Nakasuka Page 12

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Bonny A, Tibazarwa K, Mbouh S, et al. ; Pan African Society of Cardiology (PASCAR) Task 
Force on Sudden Cardiac Death. Epidemiology of sudden cardiac death in Cameroon: the first 
population-based cohort survey in sub-Saharan Africa. Int J Epidemiol. 2017;46(4):1230–1238. 
doi:10.1093/ije/dyx043 [PubMed: 28453817] 

11. Meyer L, Stubbs B, Fahrenbruch C, et al. Incidence, causes, and survival trends 
from cardiovascular-related sudden cardiac arrest in children and young adults 0 to 
35 years of age: a 30-year review. Circulation. 2012;126(11):1363–1372. doi:10.1161/
CIRCULATIONAHA.111.076810 [PubMed: 22887927] 

12. Zhang J, Zhou X, Xing Q, et al. Epidemiological investigation of sudden cardiac death in 
multiethnic Xinjiang Uyghur autonomous region in Northwest China. BMC Public Health. 
2019;19(1):116. doi:10.1186/s12889-019-6435-8 [PubMed: 30691418] 

13. Sudden cardiac death. Report of a WHO scientific group. World Health Organ Tech Rep Ser. 
1985;726:5–25. [PubMed: 3936284] 

14. Chatterjee NA, Moorthy MV, Pester J, et al. ; PRE-DETERMINE Study Group. Sudden death in 
patients with coronary heart disease without severe systolic dysfunction. JAMA Cardiol. 2018;3 
(7):591–600. doi:10.1001/jamacardio.2018.1049 [PubMed: 29801082] 

15. Olgin JE, Pletcher MJ, Vittinghoff E, et al. ; VEST Investigators. Wearable cardioverter-
defibrillator after myocardial infarction. N Engl J Med. 2018;379 (13):1205–1215. doi:10.1056/
NEJMoa1800781 [PubMed: 30280654] 

16. Jukema JW, Timal RJ, Rotmans JI, et al. ; ICD2 Trial Investigators. Prophylactic use of 
implantable cardioverter-defibrillators in the prevention of sudden cardiac death in dialysis 
patients. Circulation. 2019;139(23):2628–2638. doi:10.1161/CIRCULATIONAHA.119.039818 
[PubMed: 30882234] 

17. Moss AJ, Hall WJ, Cannom DS, et al. ; Multicenter Automatic Defibrillator Implantation Trial 
Investigators. Improved survival with an implanted defibrillator in patients with coronary disease 
at high risk for ventricular arrhythmia. N Engl J Med. 1996;335(26):1933–1940. doi:10.1056/
NEJM199612263352601 [PubMed: 8960472] 

18. Tseng ZH, Olgin JE, Vittinghoff E, et al. Prospective countywide surveillance and autopsy 
characterization of sudden cardiac death: POST SCD study. Circulation. 2018;137(25):2689–2700. 
doi:10.1161/CIRCULATIONAHA.117.033427 [PubMed: 29915095] 

19. Wu Q, Zhang L, Zheng J, et al. Forensic pathological study of 1656 cases of sudden cardiac death 
in southern China. Medicine (Baltimore). 2016;95(5):e2707. doi:10.1097/MD.0000000000002707 
[PubMed: 26844513] 

20. Bagnall RD, Weintraub RG, Ingles J, et al. A prospective study of sudden cardiac death 
among children and young adults. N Engl J Med. 2016;374 (25):2441–2452. doi:10.1056/
NEJMoa1510687 [PubMed: 27332903] 

21. Wisten A, Krantz P, Stattin EL. Sudden cardiac death among the young in Sweden from 2000 to 
2010: an autopsy-based study. Europace. 2017;19(8):1327–1334. [PubMed: 28873959] 

22. Ha FJ, Han HC, Sanders P, et al. Sudden cardiac death in the young: incidence, trends, and risk 
factors in a nationwide study. Circ Cardiovasc Qual Outcomes. 2020;13(10):e006470. doi:10.1161/
CIRCOUTCOMES.119.006470

23. Rücklová K, Dobiáš M, Bílek M, et al. Burden of sudden cardiac death in persons aged 1–40 years 
in the Czech Republic. Cent Eur J Public Health. 2022;30(1):58–64. doi:10.21101/cejph.a6793 
[PubMed: 35421300] 

24. Carrington M, de Gouveia RH, Teixeira R, Corte-Real F, Gonçalves L, Providência R. Sudden 
death in young South European population: a cross-sectional study of postmortem cases. Sci Rep. 
2023;13(1):22734. doi:10.1038/s41598-023-47502-0 [PubMed: 38123611] 

25. Virmani R, Roberts WC. Sudden cardiac death. Hum Pathol. 1987;18(5):485–492. doi:10.1016/
S0046-8177(87)80033-3 [PubMed: 3570279] 

26. Virmani R, Burke AP, Farb A. Sudden cardiac death. Cardiovasc Pathol. 2001;10(5):211–218. 
doi:10.1016/S1054-8807(01)00091-6 [PubMed: 11673058] 

27. Lucena JS. Sudden cardiac death. Forensic Sci Res. 2019;4(3):199–201. 
doi:10.1080/20961790.2019.1622062 [PubMed: 31489385] 

Tseng and Nakasuka Page 13

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



28. Marijon E, Narayanan K, Smith K, et al. The Lancet Commission to reduce the global burden 
of sudden cardiac death: a call for multidisciplinary action. Lancet. 2023;402(10405):883–936. 
doi:10.1016/S0140-6736(23)00875-9 [PubMed: 37647926] 

29. Paratz ED, van Heusden A, Zentner D, et al. Causes, circumstances, and potential preventability 
of cardiac arrest in the young: insights from a state-wide clinical and forensic registry. Europace. 
2022;24(12):1933–1941. doi:10.1093/europace/euac141 [PubMed: 36037012] 

30. Empana JP, Lerner I, Valentin E, et al. ; ESCAPE-NET Investigators. Incidence of sudden 
cardiac death in the European Union. J Am Coll Cardiol. 2022;79(18):1818–1827. doi:10.1016/
j.jacc.2022.02.041 [PubMed: 35512862] 

31. Hua W, Zhang LF, Wu YF, et al. Incidence of sudden cardiac death in China: analysis of 4 
regional populations. J Am Coll Cardiol. 2009;54 (12):1110–1118. doi:10.1016/j.jacc.2009.06.016 
[PubMed: 19744622] 

32. Hendrix A, Vaartjes I, Mosterd A, et al. Regional differences in incidence of sudden cardiac death 
in the young. Neth J Med. 2010;68(6):274–279. [PubMed: 20558861] 

33. Margey R, Roy A, Tobin S, et al. Sudden cardiac death in 14- to 35-year olds in Ireland from 2005 
to 2007: a retrospective registry. Europace. 2011;13 (10):1411–1418. doi:10.1093/europace/eur161 
[PubMed: 21798877] 

34. van der Werf C, Hendrix A, Birnie E, et al. Improving usual care after sudden death in the young 
with focus on inherited cardiac diseases (the CAREFUL study): a community-based intervention 
study. Europace. 2016;18(4):592–601. doi:10.1093/europace/euv059 [PubMed: 25833117] 

35. Winkel BG, Holst AG, Theilade J, et al. Nationwide study of sudden cardiac death in persons aged 
1–35 years. Eur Heart J. 2011;32(8): 983–990. doi:10.1093/eurheartj/ehq428 [PubMed: 21131293] 

36. Lynge TH, Nielsen JL, Risgaard B, van der Werf C, Winkel BG, Tfelt-Hansen J. Causes of sudden 
cardiac death according to age and sex in persons aged 1–49 years. Heart Rhythm. 2023;20(1):61–
68. doi:10.1016/j.hrthm.2022.08.036 [PubMed: 36075534] 

37. Chen CY, Fan CY, Chen IC, et al. The interaction of sex and age on outcomes in emergency 
medical services-treated out-of-hospital cardiac arrest: a 5-year multicenter retrospective analysis. 
Resusc Plus. 2024;17:100552. doi:10.1016/j.resplu.2024.100552

38. Myerburg RJ, Halperin H, Egan DA, et al. Pulseless electric activity: definition, causes, 
mechanisms, management, and research priorities for the next decade: report from a National 
Heart, Lung, and Blood Institute workshop. Circulation. 2013;128(23):2532–2541. doi:10.1161/
CIRCULATIONAHA.113.004490 [PubMed: 24297818] 

39. Groh WJ, Groh MR, Saha C, et al. Electrocardiographic abnormalities and sudden 
death in myotonic dystrophy type 1. N Engl J Med. 2008;358(25):2688–2697. doi:10.1056/
NEJMoa062800 [PubMed: 18565861] 

40. Kim AS, Moffatt E, Ursell PC, Devinsky O, Olgin J, Tseng ZH. Sudden neurologic death 
masquerading as out-of-hospital sudden cardiac death. Neurology. 2016;87(16):1669–1673. 
doi:10.1212/WNL.0000000000003238 [PubMed: 27638923] 

41. Siscovick DS, Raghunathan TE, Psaty BM, et al. Diuretic therapy for hypertension and 
the risk of primary cardiac arrest. N Engl J Med. 1994;330(26):1852–1857. doi:10.1056/
NEJM199406303302603 [PubMed: 8196728] 

42. Liperoti R, Vetrano DL, Bernabei R, Onder G. Herbal medications in cardiovascular medicine. J 
Am Coll Cardiol. 2017;69(9):1188–1199. doi:10.1016/j.jacc.2016.11.078 [PubMed: 28254182] 

43. Shah SA, Szeto AH, Farewell R, et al. Impact of high volume energy drink consumption on 
electrocardiographic and blood pressure parameters: a randomized trial. J Am Heart Assoc. 
2019;8(11):e011318. doi:10.1161/JAHA.118.011318

44. Orkin AM, Zhan C, Buick JE, et al. Out-of-hospital cardiac arrest survival in drug-related 
versus cardiac causes in Ontario: a retrospective cohort study. PLoS One. 2017;12(4):e0176441. 
doi:10.1371/journal.pone.0176441

45. Gentile F, Castiglione V, De Caterina R. Coronary artery anomalies. Circulation. 2021;144 
(12):983–996. doi:10.1161/CIRCULATIONAHA.121.055347 [PubMed: 34543069] 

46. Allan KS, Morrison LJ, Pinter A, Tu JV, Dorian P; Rescu Investigators. Unexpected high 
prevalence of cardiovascular disease risk factors and psychiatric disease among young people 
with sudden cardiac arrest. J Am Heart Assoc. 2019;8(2):e010330. doi:10.1161/JAHA.118.010330

Tseng and Nakasuka Page 14

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



47. Sakhuja A, Sztajnkrycer M, Vallabhajosyula S, Cheungpasitporn W, Patch R III, Jentzer J. 
National trends and outcomes of cardiac arrest in opioid overdose. Resuscitation. 2017;121:84–89. 
doi:10.1016/j.resuscitation.2017.10.010 [PubMed: 29037885] 

48. Dezfulian C, Orkin AM, Maron BA, et al. ; American Heart Association Council on 
Cardiopulmonary, Critical Care, Perioperative and Resuscitation; Council on Arteriosclerosis, 
Thrombosis and Vascular Biology; Council on Cardiovascular and Stroke Nursing; Council on 
Quality of Care and Outcomes Research; and Council on Clinical Cardiology. Opioid-associated 
out-of-hospital cardiac arrest: distinctive clinical features and implications for health care and 
public responses: a scientific statement from the American Heart Association. Circulation. 
2021;143 (16):e836–e870. doi:10.1161/CIR.0000000000000958 [PubMed: 33682423] 

49. US Overdose deaths decrease in 2023, first time since 2018. CDC National Center for Health 
Statistics. Accessed December 3, 2024. https://www.cdc.gov/nchs/pressroom/nchs_press_releases/
2024/20240515.htm

50. Andersen LW, Bivens MJ, Giberson T, et al. The relationship between age and 
outcome in out-of-hospital cardiac arrest patients. Resuscitation. 2015;94:49–54. doi:10.1016/
j.resuscitation.2015.05.015 [PubMed: 26044753] 

51. Gustafsson L, Rawshani A, Råmunddal T, et al. Characteristics, survival and neurological outcome 
in out-of-hospital cardiac arrest in young adults in Sweden: a nationwide study. Resusc Plus. 
2023;16:100503. doi:10.1016/j.resplu.2023.100503

52. Deasy C, Bray JE, Smith K, Harriss LR, Bernard SA, Cameron P. Out-of-hospital cardiac 
arrests in young adults in Melbourne, Australia. Resuscitation. 2011;82(7):830–834. doi:10.1016/
j.resuscitation.2011.03.008 [PubMed: 21497006] 

53. Rea TD, Cook AJ, Stiell IG, et al. ; Resuscitation Outcomes Consortium Investigators. Predicting 
survival after out-of-hospital cardiac arrest: role of the Utstein data elements. Ann Emerg Med. 
2010; 55(3):249–257. doi:10.1016/j.annemergmed.2009.09.018 [PubMed: 19944488] 

54. El-Assaad I, Al-Kindi SG, Aziz PF. Trends of out-of-hospital sudden cardiac death among children 
and young adults. Pediatrics. 2017;140(6):e20171438. doi:10.1542/peds.2017-1438

55. Noonan AS, Velasco-Mondragon HE, Wagner FA. Improving the health of African Americans in 
the USA: an overdue opportunity for social justice. Public Health Rev. 2016;37:12. doi:10.1186/
s40985-016-0025-4 [PubMed: 29450054] 

56. Toy J, Bosson N, Schlesinger S, Gausche-Hill M. Racial and ethnic disparities in the provision of 
bystander CPR after witnessed out-of-hospital cardiac arrest in the United States. Resuscitation. 
2023;190:109901. doi:10.1016/j.resuscitation.2023.109901

57. Casey SD, Mumma BE. Sex, race, and insurance status differences in hospital treatment and 
outcomes following out-of-hospital cardiac arrest. Resuscitation. 2018;126:125–129. doi:10.1016/
j.resuscitation.2018.02.027 [PubMed: 29518439] 

58. Behr ER, Scrocco C, Wilde AAM, et al. Investigation on Sudden Unexpected Death in the Young 
(SUDY) in Europe: results of the European Heart Rhythm Association survey. Europace. 2022; 
24(2):331–339. doi:10.1093/europace/euab176 [PubMed: 34351417] 

59. Ricceri S, Salazar JW, Vu AA, Vittinghoff E, Moffatt E, Tseng ZH. Factors predisposing to 
survival after resuscitation for sudden cardiac arrest. J Am Coll Cardiol. 2021;77(19):2353–2362. 
doi:10.1016/j.jacc.2021.03.299 [PubMed: 33985679] 

60. Vähätalo J, Holmström L, Pakanen L, et al. Coronary artery disease as the cause of sudden 
cardiac death among victims < 50 years of age. Am J Cardiol. 2021;147:33–38. doi:10.1016/
j.amjcard.2021.02.012 [PubMed: 33621522] 

61. Aggarwal R, Yeh RW, Joynt Maddox KE, Wadhera RK. Cardiovascular risk factor prevalence, 
treatment, and control in us adults aged 20 to 44 years, 2009 to March 2020. JAMA. 
2023;329(11):899–909. doi:10.1001/jama.2023.2307 [PubMed: 36871237] 

62. Jayaraman R, Reinier K, Nair S, et al. Risk factors of sudden cardiac death in the young: 
multiple-year community-wide assessment. Circulation. 2018;137(15):1561–1570. doi:10.1161/
CIRCULATIONAHA.117.031262 [PubMed: 29269388] 

63. Finocchiaro G, Westaby J, Behr ER, Papadakis M, Sharma S, Sheppard MN. Association of 
sexual intercourse with sudden cardiac death in young individuals in the United Kingdom. JAMA 
Cardiol. 2022;7(3):358–359. doi:10.1001/jamacardio.2021.5532 [PubMed: 35019956] 

Tseng and Nakasuka Page 15

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



64. Krahn AD, Healey JS, Chauhan V, et al. Systematic assessment of patients with unexplained 
cardiac arrest: Cardiac Arrest Survivors With Preserved Ejection Fraction Registry (CASPER). 
Circulation. 2009;120(4):278–285. doi:10.1161/CIRCULATIONAHA.109.853143 [PubMed: 
19597050] 

65. van der Werf C, Hofman N, Tan HL, et al. Diagnostic yield in sudden unexplained death and 
aborted cardiac arrest in the young: the experience of a tertiary referral center in the Netherlands. 
Heart Rhythm. 2010;7(10):1383–1389. doi:10.1016/j.hrthm.2010.05.036 [PubMed: 20646679] 

66. Maron BJ, Doerer JJ, Haas TS, Tierney DM, Mueller FO. Sudden deaths in young competitive 
athletes: analysis of 1866 deaths in the United States, 1980–2006. Circulation. 2009;119(8):1085–
1092. doi:10.1161/CIRCULATIONAHA.108.804617 [PubMed: 19221222] 

67. Curcio A, Mazzanti A, Bloise R, et al. Clinical presentation and outcome of Brugada 
syndrome diagnosed with the new 2013 criteria. J Cardiovasc Electrophysiol. 2016;27(8):937–943. 
doi:10.1111/jce.12997 [PubMed: 27098113] 

68. Jeyaraj D, Haldar SM, Wan X, et al. Circadian rhythms govern cardiac repolarization and 
arrhythmogenesis. Nature. 2012;483(7387):96–99. doi:10.1038/nature10852 [PubMed: 22367544] 

69. Salerno DM, Asinger RW, Elsperger J, Ruiz E, Hodges M. Frequency of hypokalemia after 
successfully resuscitated out-of-hospital cardiac arrest compared with that in transmural acute 
myocardial infarction. Am J Cardiol. 1987;59(1):84–88. doi:10.1016/S0002-9149(87)80075-9 
[PubMed: 3812257] 

70. Vink AS, Neumann B, Lieve KVV, et al. Determination and interpretation of the QT interval. 
Circulation. 2018;138(21):2345–2358. doi:10.1161/CIRCULATIONAHA.118.033943 [PubMed: 
30571576] 

71. Cohen RB, Dai M, Aizer A, et al. QT interval dynamics and triggers for QT 
prolongation immediately following cardiac arrest. Resuscitation. 2021;162:171–179. doi:10.1016/
j.resuscitation.2021.02.029 [PubMed: 33652119] 

72. Krahn AD, Laksman Z, Sy RW, et al. Congenital long QT syndrome. JACC Clin Electrophysiol. 
2022;8 (5):687–706. doi:10.1016/j.jacep.2022.02.017 [PubMed: 35589186] 

73. Priori SG, Schwartz PJ, Napolitano C, et al. Risk stratification in the long-QT syndrome. N Engl J 
Med. 2003;348(19):1866–1874. doi:10.1056/NEJMoa022147 [PubMed: 12736279] 

74. Zeppenfeld K, Tfelt-Hansen J, de Riva M, et al. ; ESC Scientific Document Group. 2022 ESC 
guidelines for the management of patients with ventricular arrhythmias and the prevention 
of sudden cardiac death. Eur Heart J. 2022;43(40):3997–4126. doi:10.1093/eurheartj/ehac262 
[PubMed: 36017572] 

75. Pappone C, Vicedomini G, Manguso F, et al. Wolff-Parkinson-White syndrome in the era of 
catheter ablation: insights from a registry study of 2169 patients. Circulation. 2014;130(10):811–
819. doi:10.1161/CIRCULATIONAHA.114.011154 [PubMed: 25052405] 

76. Marcus FI, Fontaine GH, Guiraudon G, et al. Right ventricular dysplasia: a report of 24 adult cases. 
Circulation. 1982;65(2):384–398. doi:10.1161/01.CIR.65.2.384 [PubMed: 7053899] 

77. Post S, Spiller HA, Chounthirath T, Smith GA. Kratom exposures reported to United 
States poison control centers: 2011–2017. Clin Toxicol (Phila). 2019;57(10):847–854. 
doi:10.1080/15563650.2019.1569236 [PubMed: 30786220] 

78. Counts CJ, Spadaro AV, Cerbini TA, et al. Notes from the Field: Cluster of severe illness from 
Neptune’s fix tianeptine linked to synthetic cannabinoids—New Jersey, June-November 2023. 
MMWR Morb Mortal Wkly Rep. 2024;73(4):89–90. doi:10.15585/mmwr.mm7304a5 [PubMed: 
38300852] 

79. Han HC, Ha FJ, Teh AW, et al. Mitral valve prolapse and sudden cardiac death: a systematic 
review. J Am Heart Assoc. 2018;7(23):e010584. doi:10.1161/JAHA.118.010584

80. Al-Khatib SM, Stevenson WG, Ackerman MJ, et al. 2017 AHA/ACC/HRS guideline for 
management of patients with ventricular arrhythmias and the prevention of sudden cardiac 
death: executive summary: a Report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. Heart 
Rhythm. 2018;15(10):e190–e252. doi:10.1016/j.hrthm.2017.10.035 [PubMed: 29097320] 

Tseng and Nakasuka Page 16

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



81. Sy RW, van der Werf C, Chattha IS, et al. Derivation and validation of a simple exercise-based 
algorithm for prediction of genetic testing in relatives of LQTS probands. Circulation. 2011;124 
(20):2187–2194. doi:10.1161/CIRCULATIONAHA.111.028258 [PubMed: 22042885] 

82. Fovaeus H, Holmen J, Mandalenakis Z, Herlitz J, Rawshani A, Castellheim AG. Out-of-hospital 
cardiac arrest: survival in children and young adults over 30 years, a nationwide registry-based 
cohort study. Resuscitation. 2024;195:110103. doi:10.1016/j.resuscitation.2023.110103 [PubMed: 
38160903] 

83. Ficker DM, So EL, Shen WK, et al. Population-based study of the incidence of sudden unexplained 
death in epilepsy. Neurology. 1998;51 (5):1270–1274. doi:10.1212/WNL.51.5.1270 [PubMed: 
9818844] 

84. Stout KK, Daniels CJ, Aboulhosn JA, et al. 2018 AHA/ACC Guideline for the management of 
adults with congenital heart disease: a report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines. Circulation. 2019;139(14):e698–
e800. [PubMed: 30586767] 

85. Bougouin W, Marijon E, Puymirat E, et al. ; FAST-MI Registry Investigators. Incidence of 
sudden cardiac death after ventricular fibrillation complicating acute myocardial infarction: a 
5-year cause-of-death analysis of the FAST-MI 2005 registry. Eur Heart J. 2014;35(2):116–122. 
doi:10.1093/eurheartj/eht453 [PubMed: 24258072] 

86. van der Lingen ACJ, Becker MAJ, Kemme MJB, et al. Reversible cause of cardiac arrest 
and secondary prevention implantable cardioverter defibrillators in patients with coronary 
artery disease: value of complete revascularization and LGE-CMR. J Am Heart Assoc. 
2021;10(8):e019101. doi:10.1161/JAHA.120.019101

87. Antiarrhythmics versus Implantable Defibrillators (AVID) Investigators. A comparison of 
antiarrhythmic-drug therapy with implantable defibrillators in patients resuscitated from 
near-fatal ventricular arrhythmias. N Engl J Med. 1997;337(22):1576–1583. doi:10.1056/
NEJM199711273372202 [PubMed: 9411221] 

88. Connolly SJ, Gent M, Roberts RS, et al. Canadian implantable defibrillator study (CIDS): a 
randomized trial of the implantable cardioverter defibrillator against amiodarone. Circulation. 
2000; 101(11):1297–1302. doi:10.1161/01.CIR.101.11.1297 [PubMed: 10725290] 

89. Kuck KH, Cappato R, Siebels J, Rüppel R. Randomized comparison of antiarrhythmic drug 
therapy with implantable defibrillators in patients resuscitated from cardiac arrest: the Cardiac 
Arrest Study Hamburg (CASH). Circulation. 2000;102(7):748–754. doi:10.1161/01.CIR.102.7.748 
[PubMed: 10942742] 

90. Weiss R, Knight BP, El-Chami M, et al. Impact of age on subcutaneous implantable 
cardioverter-defibrillator in a large patient cohort: mid-term follow-up. JACC Clin Electrophysiol. 
2023;9(10):2132–2145. doi:10.1016/j.jacep.2023.06.013 [PubMed: 37676200] 

91. Zaman S, Sivagangabalan G, Chik W, et al. Ventricular tachyarrhythmia recurrence in primary 
versus secondary implantable cardioverter-defibrillator patients and role of electrophysiology 
study. J Interv Card Electrophysiol. 2014;41(3):195–202. doi:10.1007/s10840-014-9941-8 
[PubMed: 25267274] 

92. Kheiri B, Barbarawi M, Zayed Y, et al. Antiarrhythmic drugs or catheter ablation in 
the management of ventricular tachyarrhythmias in patients with implantable cardioverter-
defibrillators: a systematic review and meta-analysis of randomized controlled trials. Circ 
Arrhythm Electrophysiol. 2019;12(11):e007600. doi:10.1161/CIRCEP.119.007600

93. Connolly SJ, Dorian P, Roberts RS, et al. ; Optimal Pharmacological Therapy in Cardioverter 
Defibrillator Patients (OPTIC) Investigators. Comparison of beta-blockers, amiodarone plus beta-
blockers, or sotalol for prevention of shocks from implantable cardioverter defibrillators: the 
OPTIC Study: a randomized trial. JAMA. 2006;295 (2):165–171. doi:10.1001/jama.295.2.165 
[PubMed: 16403928] 

94. Kuck KH, Tilz RR, Deneke T, et al. ; SMS Investigators. Impact of substrate modification 
by catheter ablation on implantable cardioverter-defibrillator interventions in patients with 
unstable ventricular arrhythmias and coronary artery disease: results from the multicenter 
randomized controlled SMS (Substrate Modification Study). Circ Arrhythm Electrophysiol. 
2017;10(3):e004422. doi:10.1161/CIRCEP.116.004422

Tseng and Nakasuka Page 17

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



95. Sapp JL, Wells GA, Parkash R, et al. Ventricular tachycardia ablation versus escalation 
of antiarrhythmic drugs. N Engl J Med. 2016;375(2):111–121. doi:10.1056/NEJMoa1513614 
[PubMed: 27149033] 

96. Adler A, Topaz G, Heller K, et al. Fever-induced Brugada pattern: how common is it and what 
does it mean? Heart Rhythm. 2013;10(9):1375–1382. doi:10.1016/j.hrthm.2013.07.030 [PubMed: 
23872691] 

97. Andrew E, Nehme Z, Wolfe R, Bernard S, Smith K. Long-term survival following out-of-hospital 
cardiac arrest. Heart. 2017;103(14):1104–1110. doi:10.1136/heartjnl-2016-310485 [PubMed: 
28258247] 

98. Hellsén G, Rawshani A, Skoglund K, et al. Predicting recurrent cardiac arrest in 
individuals surviving out-of-hospital cardiac arrest. Resuscitation. 2023;184:109678. doi:10.1016/
j.resuscitation.2022.109678

99. Boersma LV, Barr CS, Burke MC, et al. ; EFFORTLESS and IDE Study Investigators. Performance 
of the subcutaneous implantable cardioverter-defibrillator in patients with a primary prevention 
indication with and without a reduced ejection fraction versus patients with a secondary 
prevention indication. Heart Rhythm. 2017;14(3):367–375. doi:10.1016/j.hrthm.2016.11.025 
[PubMed: 27890798] 

100. Christiansen SL, Hertz CL, Ferrero-Miliani L, et al. Genetic investigation of 100 heart genes 
in sudden unexplained death victims in a forensic setting. Eur J Hum Genet. 2016;24(12):1797–
1802. doi:10.1038/ejhg.2016.118 [PubMed: 27650965] 

101. Lahrouchi N, Raju H, Lodder EM, et al. Utility of post-mortem genetic testing in cases of 
sudden arrhythmic death syndrome. J Am Coll Cardiol. 2017;69(17):2134–2145. doi:10.1016/
j.jacc.2017.02.046 [PubMed: 28449774] 

102. Hansen BL, Jacobsen EM, Kjerrumgaard A, et al. Diagnostic yield in victims of sudden 
cardiac death and their relatives. Europace. 2020;22(6):964–971. doi:10.1093/europace/euaa056 
[PubMed: 32307520] 

103. Webster G, Puckelwartz MJ, Pesce LL, et al. Genomic autopsy of sudden deaths in 
young individuals. JAMA Cardiol. 2021;6(11):1247–1256. doi:10.1001/jamacardio.2021.2789 
[PubMed: 34379075] 

104. Papadakis M, Papatheodorou E, Mellor G, et al. The diagnostic yield of Brugada syndrome after 
sudden death with normal autopsy. J Am Coll Cardiol. 2018;71(11):1204–1214. doi:10.1016/
j.jacc.2018.01.031 [PubMed: 29544603] 

105. Stiles MK, Wilde AAM, Abrams DJ, et al. 2020 APHRS/HRS expert consensus statement on 
the investigation of decedents with sudden unexplained death and patients with sudden cardiac 
arrest, and of their families. Heart Rhythm. 2021;18(1):e1–e50. doi:10.1016/j.hrthm.2020.10.010 
[PubMed: 33091602] 

106. Mellor G, Laksman ZWM, Tadros R, et al. Genetic testing in the evaluation of 
unexplained cardiac arrest: from the CASPER (Cardiac Arrest Survivors With Preserved 
Ejection Fraction Registry). Circ Cardiovasc Genet. 2017;10(3):e001686. doi:10.1161/
CIRCGENETICS.116.001686

107. Visser M, Dooijes D, van der Smagt JJ, et al. Next-generation sequencing of a large gene 
panel in patients initially diagnosed with idiopathic ventricular fibrillation. Heart Rhythm. 
2017;14(7):1035–1040. doi:10.1016/j.hrthm.2017.01.010 [PubMed: 28087426] 

108. Leinonen JT, Crotti L, Djupsjöbacka A, et al. The genetics underlying idiopathic ventricular 
fibrillation: a special role for catecholaminergic polymorphic ventricular tachycardia? Int J 
Cardiol. 2018;250:139–145. doi:10.1016/j.ijcard.2017.10.016 [PubMed: 29032884] 

109. Asatryan B, Schaller A, Seiler J, et al. Usefulness of genetic testing in sudden cardiac 
arrest survivors with or without previous clinical evidence of heart disease. Am J Cardiol. 
2019;123(12):2031–2038. doi:10.1016/j.amjcard.2019.02.061 [PubMed: 30975432] 

110. Maron BJ, Haas TS, Murphy CJ, Ahluwalia A, Rutten-Ramos S. Incidence and causes of 
sudden death in U.S. college athletes. J Am Coll Cardiol. 2014;63(16):1636–1643. doi:10.1016/
j.jacc.2014.01.041 [PubMed: 24583295] 

111. Risgaard B, Winkel BG, Jabbari R, et al. Sports-related sudden cardiac death in a competitive and 
a noncompetitive athlete population aged 12 to 49 years: data from an unselected nationwide 

Tseng and Nakasuka Page 18

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study in Denmark. Heart Rhythm. 2014;11(10):1673–1681. doi:10.1016/j.hrthm.2014.05.026 
[PubMed: 24861446] 

112. Malhotra A, Dhutia H, Finocchiaro G, et al. Outcomes of cardiac screening in adolescent 
soccer players. N Engl J Med. 2018;379(6):524–534. doi:10.1056/NEJMoa1714719 [PubMed: 
30089062] 

113. Finocchiaro G, Papadakis M, Robertus JL, et al. Etiology of sudden death in sports: insights from 
a United Kingdom regional registry. J Am Coll Cardiol. 2016;67(18):2108–2115. doi:10.1016/
j.jacc.2016.02.062 [PubMed: 27151341] 

114. D’Ascenzi F, Valentini F, Pistoresi S, et al. Causes of sudden cardiac death in young athletes and 
non-athletes: systematic review and meta-analysis: sudden cardiac death in the young. Trends 
Cardiovasc Med. 2022;32(5):299–308. doi:10.1016/j.tcm.2021.06.001 [PubMed: 34166791] 

115. Maron BJ, Haas TS, Doerer JJ, Thompson PD, Hodges JS. Comparison of U.S. and 
Italian experiences with sudden cardiac deaths in young competitive athletes and implications 
for preparticipation screening strategies. Am J Cardiol. 2009;104(2):276–280. doi:10.1016/
j.amjcard.2009.03.037 [PubMed: 19576360] 

116. Maron BJ, Levine BD, Washington RL, Baggish AL, Kovacs RJ, Maron MS; American 
Heart Association Electrocardiography and Arrhythmias Committee of Council on Clinical 
Cardiology, Council on Cardiovascular Disease in Young, Council on Cardiovascular and 
Stroke Nursing, Council on Functional Genomics and Translational Biology, and American 
College of Cardiology. Eligibility and disqualification recommendations for competitive athletes 
with cardiovascular abnormalities: Task Force 2: preparticipation screening for cardiovascular 
disease in competitive athletes: a scientific statement from the American Heart Association and 
American College of Cardiology. Circulation. 2015;132(22):e267–e272. [PubMed: 26527714] 

117. Corrado D, Basso C, Pavei A, Michieli P, Schiavon M, Thiene G. Trends in sudden cardiovascular 
death in young competitive athletes after implementation of a preparticipation screening 
program. JAMA. 2006;296(13):1593–1601. doi:10.1001/jama.296.13.1593 [PubMed: 17018804] 

118. Williams EA, Pelto HF, Toresdahl BG, et al. Performance of the American Heart Association 
(AHA) 14-point evaluation versus electrocardiography for the cardiovascular screening of 
high school athletes: a prospective study. J Am Heart Assoc. 2019;8(14):e012235. doi:10.1161/
JAHA.119.012235

119. Goff NK, Hutchinson A, Koek W, Kamat D. Meta-analysis on the effectiveness of ECG 
screening for conditions related to sudden cardiac death in young athletes. Clin Pediatr (Phila). 
2023;62(10):1158–1168. doi:10.1177/00099228231152857 [PubMed: 36797841] 

120. Maron BJ, Estes NA III. Commotio cordis. N Engl J Med. 2010;362(10):917–927. doi:10.1056/
NEJMra0910111 [PubMed: 20220186] 

121. Peng T, Derry LT, Yogeswaran V, Goldschlager NF. Commotio cordis in 2023. Sports Med. 
2023;53 (8):1527–1536. doi:10.1007/s40279-023-01873-6 [PubMed: 37382827] 

122. Maron BJ, Ahluwalia A, Haas TS, Semsarian C, Link MS, Estes NA III. Global epidemiology 
and demographics of commotio cordis. Heart Rhythm. 2011;8(12):1969–1971. doi:10.1016/
j.hrthm.2011.07.014 [PubMed: 21763255] 

123. Maron BJ, Haas TS, Ahluwalia A, Garberich RF, Estes NA III, Link MS. Increasing survival rate 
from commotio cordis. Heart Rhythm. 2013;10(2):219–223. doi:10.1016/j.hrthm.2012.10.034 
[PubMed: 23107651] 

124. Bohm P, Meyer T, Narayanan K, et al. Sports-related sudden cardiac arrest in young adults. 
Europace. 2023;25(2):627–633. doi:10.1093/europace/euac172 [PubMed: 36256586] 

125. Michelland L, Murad MH, Bougouin W, et al. Association between basic life support and 
survival in sports-related sudden cardiac arrest: a meta-analysis. Eur Heart J. 2023;44(3):180–
192. doi:10.1093/eurheartj/ehac586 [PubMed: 36285872] 

Tseng and Nakasuka Page 19

JAMA. Author manuscript; available in PMC 2025 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Box.

Frequently Asked Questions About Out-of-Hospital Cardiac Arrest in 
Apparently Healthy, Young Adults

What is the survival rate after out-of-hospital cardiac arrest in young adults?

Approximately 60% of young adults aged 18 through 39 years who experience cardiac 

arrest outside a hospital die before reaching the hospital. Overall, 9% to 16% survive, of 

whom 90% have favorable neurological outcomes.

How can clinicians decrease the risk of recurrent sudden cardiac arrest?

If a noncardiac (eg, overdose) or reversible cardiac cause (eg, ST elevation myocardial 

infarction or coronary anomaly) for sudden cardiac arrest is identified, treatment 

of the underlying cause can reduce the risk of recurrent episode. If noncardiac or 

reversible cardiac causes are ruled out, an implantable cardioverter-defibrillator (ICD) is 

recommended because these survivors remain at high risk of recurrent lethal ventricular 

arrhythmias. After an ICD is implanted, adjunctive therapy (eg, amiodarone, catheter 

ablation) and lifestyle modifications for certain genetic arrhythmia syndromes may 

reduce ventricular arrhythmia recurrence.

What are the benefits and yields of genetic testing after out-of-hospital cardiac 
arrest?

Genetic testing of young adults who experienced a sudden cardiac arrest may be useful 

for diagnosis and treatment of cardiomyopathies and primary arrhythmia syndromes. 

Genetic testing of first-degree family members may help identify asymptomatically 

affected relatives. The reported diagnostic yield of genetic testing among individuals 

with sudden arrhythmic death syndrome (normal heart at autopsy with no cause of death 

identified) is 13% to 34%, whereas the yield of genetic testing of survivors of sudden 

cardiac arrest resuscitated from idiopathic ventricular arrhythmias is 2% to 22%.
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Figure 1. Worldwide Incidence of Out-of-Hospital Cardiac Arrest, Presumed Sudden Cardiac 
Death, and Sudden Cardiac Death in Young Adults
aMeeting Cardiac Arrest Registry to Enhance Survival (CARES) criteria emergency medical 

service primary impression “cardiac arrest.”
bIncludes pulmonary embolism, overdose, hemorrhage, neurological, diabetic ketoacidosis, 

sepsis, gastrointestinal disorders, aortic aneurysm, aortic dissection.
cStructural heart disease includes coronary artery disease, hypertrophic cardiomyopathy, 

arrhythmogenic right ventricular cardiomyopathy, dilated cardiomyopathy, valvular heart 

disease (mitral valve prolapse, aortic stenosis), left ventricular hypertrophy, myocarditis.
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dSudden arrhythmic death syndrome, also referred to as primary electrical disease with 

normal heart or unexplained sudden cardiac death in nonsurvivors. This condition is termed 

primary arrhythmia syndrome in survivors.
eTamponade, myocardial infarction with wall rupture, acute heart failure with pulmonary 

edema. WHO indicates World Health Organization.
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Figure 2. Evaluation of the Resuscitated Young Adult Sudden Cardiac Arrest Patient
aIncludes aortic dissection, gastrointestinal bleeding, diabetic ketoacidosis, infection, 

neurologic causes, overdose, pulmonary embolism, renal failure, respiratory causes.
bIncludes chronic coronary artery disease, cardiomyopathy (eg, arrhythmogenic right 

ventricular cardiomyopathy, dilated cardiomyopathy, hypertrophic cardiomyopathy, left 

ventricular noncompaction), hypertrophy, myocarditis, sarcoidosis, valvular heart diseases 

(eg, mitral valve prolapse).
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cIncludes long QT syndrome, Brugada syndrome, catecholaminergic polymorphic 

ventricular tachycardia, idiopathic ventricular fibrillation, bradyarrhythmias.

ICD indicates implantable cardioverter-defibrillator.
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Figure 3. Representative Electrocardiographs of High-Risk Arrhythmia Conditions
B, The black arrowhead points to the coved ST elevation. C, The pink arrowheads point to 

the delta wave. D, The blue arrowheads point to the epsilon wave.
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