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 Summ a r y

The incidence of sudden cardiac arrest in athletes varies according to age, race and 
ethnic group, sex, sport, and social determinants of health. The common causes 
of sudden cardiac arrest include cardiomyopathies, electrical disorders, coronary-
artery anomalies, and other cardiac structural abnormalities. There has not been 
an increase in the incidence of sudden cardiac arrest in athletes during the time 
frame of the coronavirus disease 2019 (Covid-19) pandemic. Primary prevention is 
based on cardiovascular screening before participation, and secondary prevention 
on implementation of emergency action plans. Diagnostic evaluation of athletes 
who survive sudden cardiac arrest should mirror that of age-matched nonath-
letes, with additional sport-specific considerations, and should be performed by 
medical professionals with expertise in the interpretation of test results in the 
context of athletic adaptation. An increasing body of evidence indicates that many 
athletes can return to play after disease-specific treatment, without an increase in 
risk, and professional societies now consider return to participation in sports to 
be reasonable or appropriate through shared decision making for numerous car-
diac conditions. 

The death of an athlete at any age is shocking and incongruent 
with our perception of athletes as members of the healthiest segment of 
society. Exercise and fitness are keys to health and longevity. An under-

standing of the incidence and causes of sudden cardiac arrest and death in athletes 
guides strategies for prevention ó  both primary prevention by means of screening 
before participation in sports and secondary prevention with the use of emergency 
action plans. Many athletes who have survived sudden cardiac arrest hope to return 
to their sport. In the past, professional society recommendation statements re-
stricted a return to play for athletes after sudden cardiac arrest; however, more 
recent statements emphasize the importance of shared decision making and man-
agement strategies geared toward facilitating a return while minimizing risk 
through appropriate disease-specific therapeutic interventions, when possible.

Incidence

The reported incidence of sudden cardiac arrest and death in athletes varies, de-
pending on how ì athleteî  is defined and how accurately and inclusively cases are 
identified.1 Some studies rely on mandatory reporting, some rely on media reports, 
and others use data from registries or from death certificates or insurance claims. 
Incidence estimates also depend on how precisely the population at risk is defined 
with respect to age, sex, race or ethnic group, and sport. Some studies include data 
on sudden cardiac arrest in athletes who survive; others include only data on fatal 
cardiac arrests. Finally, some studies include events that occurred at any time, 
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whereas other studies include only those that 
occurred during or within an hour after exercise, 
termed sports-related sudden cardiac arrest and 
death (Fig. 1, and Table S1 in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org).

For this review, we define an athlete as a per-
son who is engaged in habitual and vigorous 
training for the purposes of obtaining a high level 
of fitness.16,17 This definition includes competi-
tive athletes and high-level recreational athletes.

Age-Specific Incidence
Athletes are generally divided into the following 
age groups: prepubertal (which corresponds ap-
proximately to ≤12 years), adolescent (approxi-
mately 13 to 17 years), young adult (approxi-
mately 18 to 24 years), adult (approximately 25 
to 34 years), and masters (≥35 years). The one 
study that evaluated the incidence of sudden 

death from cardiac causes among prepubertal 
athletes showed a rate of 1 death in 500,000 
athlete-years.18 In a study involving athletes who 
were 7 to 18 years of age, one athlete was resus-
citated from sudden cardiac arrest, for a rate of 
1 death in 167,000 athlete-years.19 Almost all 
children are active, and the population-based 
incidence of sudden cardiac arrest and death in 
this age group appears to be similar to the inci-
dence among young athletes.20

In the adolescent age group (13 to 17 years), 
the overall incidence of sudden cardiac arrest 
and death is reported to be 1 case in 66,000 to 
88,000 athlete-years, with a higher incidence in 
specific populations, such as elite male soccer 
players (1 in 14,794 athlete-years) and male bas-
ketball players (1 in 21,000 athlete-years).21-25 The 
incidence among young adult or college-age ath-
letes is slightly higher than the incidence among 
adolescent athletes, a finding that may represent 

Figure 1. Incidence of Sports-Related Sudden Cardiac Arrest or Death.

The y axis shows the incidence of sudden cardiac arrest or sudden death from cardiac causes as 1 case in 200,000 to 1,400,000 athlete-
years, with the highest incidence shown at the bottom of the axis. Numbers of cases reported in studies by Bohm et al.,2 Gerardin et 
al.,3 Gr‰ ni et al.,4 Holst et al.,5 Kim et al.,6 Kinoshi et al.,7 Marijon et al.,8 Mathews et al.,9 Nilson and Bˆ rjesson,10 Risgaard et al.,11 Rob-
erts and Maron,12 Thompson et al.,13 Webner et al.,14 and Weizman et al.15 are shown, with larger circles indicating higher numbers of 
cases. The incidence from the study by Weizman et al. (largest circle) includes data from men only.
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either an elevated risk or more robust case ascer-
tainment. Studies of college athletes, which ben-
efit from precise denominators for participating 
athletes, have shown an incidence of 1 case in 
51,000 to 67,000 athlete-years.24,26,27 The incidence 
of sudden cardiac arrest and death specifically in 
adult athletes (25 to 34 years of age) or masters 
athletes (≥35 years of age) has not been reported. 
Denominators for the number of athletes per age 
group are difficult to ascertain, and data come 
from studies that span large age groups or from 
studies of sports-related sudden cardiac arrest 
and death. Population-based data on the inci-
dence of sudden death from cardiac causes show 
a sharp increase beginning at the age of 25 years, 
which reflects a greater prevalence of coronary 
disease among adults than among younger per-
sons.16 Studies of sports-related sudden cardiac 
arrest and death are typically either retrospective 
population-based studies that attempt to identify 
which decedents were athletes2,4,5,8,11,15 or studies 
of deaths related to marathons or other athletic 
events that include older athletes (Fig. 1).3,6,7,9,10,12-14

Incidence According to Sex and Race 
or Ethnic Group

Male athletes have a higher risk of sudden car-
diac arrest and death than female athletes, with 
1 case in 35,000 to 83,000 athlete-years among 
male athletes as compared with 1 case in 93,000 
to 323,000 athlete-years among female ath-
letes.21-25,28,29 Two robust studies have examined 
the incidence of sudden cardiac arrest and death 
according to race or ethnic group.24,27 In a study 
of data over a 4-year period that included both 
fatal and nonfatal sudden cardiac arrest in col-
lege athletes, the incidence among Black athletes 
was 1 event in 18,000 athlete-years, as compared 
with 1 in 39,000 athlete-years among White ath-
letes.24 In a study of National Collegiate Athletic 
Association (NCAA) athletes, which examined 
only sudden deaths from cardiac causes that oc-
curred over a period of 20 years, the incidence 
was 1 death among 27,000 Black athletes, as 
compared with 1 death among 75,000 White 
athletes.27 The extent to which these disparities 
are based on differences in disease prevalence as 
opposed to social determinants of health has 
not yet been established. The prevalence of con-
ditions associated with sudden cardiac arrest 
and death is believed to be similar among Black 
athletes and White athletes; however, contempo-

rary data are lacking.30 Among high-school ath-
letes, the outcomes after sudden cardiac arrest 
are worse for athletes who are members of un-
derrepresented racial and ethnic groups than for 
non-Hispanic White athletes (survival, 51% vs. 
76%) and are also worse for athletes with lower 
socioeconomic status than for those with higher 
socioeconomic status.31

Sport-Specific Incidence
In studies that examined risk according to the 
sport, the incidence of sudden cardiac arrest and 
death was highest in men' s basketball, soccer, 
tackle football, ice hockey, and cross-country 
running,23,24,27 with a higher risk in basketball 
than in other sports even after adjustment for 
race and sex.27 Data from a review of sudden 
deaths from cardiac causes in the NCAA sug-
gested that the incidence was higher in Divi-
sion I than in lower divisions32; however, a recent 
update shows no difference.27 Previous differences 
may have been due to differences in reporting. 
How sport, race or ethnic group, sex, and social 
determinants of health interact to influence the 
incidence of sudden death from cardiac causes is 
an important area for future investigation.

Car diac Causes of Sudden Death 
in Athle tes

The causes of sudden cardiac arrest and death in 
athletes are also difficult to reliably ascertain 
because of a lack of standardization in the perfor-
mance of autopsies and the assessment of find-
ings, with heterogeneity in pathological defini-
tions, histopathological evaluations, use of genetic 
testing, and the participation of a specialized 
cardiac pathologist. In addition, not all autopsy-
based studies include toxicology screens, and the 
contribution of performance-enhancing drugs to 
sudden death from cardiac causes has not been 
extensively studied. Although pinpointing the 
relative contributions of specific causes is diffi-
cult, an understanding of the differential diag-
nosis guides the evaluation of athletes who survive 
sudden cardiac arrest, as well as that of family 
members of athletes who have died.

Causes of death, like incidence, show age-
associated patterns. In athletes younger than 25 
years of age, the primary causes of sudden cardiac 
arrest and death are congenital, electrical, and 
structural diseases. Acquired cardiac conditions, 
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particularly coronary artery disease, become in-
creasingly prevalent with age and account for the 
majority of deaths among athletes 25 years of 
age or older.16 In contemporary studies involving 
athletes 11 to 40 years of age, sudden death 
from cardiac causes with a pathologically nor-
mal heart on autopsy ó  autopsy-negative, sud-
den, unexplained death ó  is the most common 
finding, which suggests that arrhythmia due to 
diseases that affect the electrical system, such as 
channelopathies, is the cause of death.27,33 Previ-
ous studies suggested that hypertrophic cardio-
myopathy was the leading cause of death. How-
ever, these findings may have been affected by 
referral bias and the exclusion of pathologically 
normal hearts.34 Among unselected cases of sud-
den cardiac arrest with a negative autopsy in 
young people, a molecular autopsy reveals a rel-
evant cardiac gene variant in 27% of cases.35

Figure 2 shows the breakdown of causes of 
death in athletes according to data aggregat-
ed from studies that included autopsy-nega-
tive, sudden, unexplained death as a potential 
cause.22,24,27,28,33,36-38 Concern about the cardiac 
effects of coronavirus disease 2019 (Covid-19) 
led to widespread screening of athletes after in-
fection with severe acute respiratory syndrome 
coronavirus 2, with the reported incidence of 

clinical myocarditis ranging from 0.3 to 0.6%.39

A recent study that examined sudden death from 
cardiac causes in NCAA athletes over a 20-year 
period that ended in June 2022 showed no in-
crease in sudden death from cardiac causes after 
2020.27 Specific causes of sudden death in ath-
letes are discussed in detail in the Supplemen-
tary Appendix. Noncardiac causes of exercise-
related death, such as heat stroke or sickle cell 
disease, are not considered here.

Pr evention of Sudden De ath 
from C a r di ac C auses in Athle tes

In the general population, prevention of sudden 
cardiac arrest and death in athletes includes 
both primary prevention by means of screening 
before participation and secondary prevention 
with the use of emergency action planning. For 
some sports, chest protectors are required to 
prevent commotio cordis and should meet ap-
propriate standards.40 For the athlete returning 
to play after surviving sudden cardiac arrest, 
disease- and sport-specific measures to reduce 
the likelihood of recurrence are critical. Similarly, 
for those with diagnosed cardiovascular disease 
who are returning to play, disease-specific risk 
assessment for sudden cardiac arrest and imple-
mentation of recommended preventive measures 
are required.

Screening for Conditions That Predispose 
to Sudden Cardiac Arrest and Death

One in 300 people 35 years of age or younger has 
a condition associated with sudden cardiac ar-
rest and death.41 How to best screen for these 
conditions remains an area of controversy. His-
tory taking and physical examination are recom-
mended by the American Heart Association as the 
primary approach to screening, but used alone, 
they have both low sensitivity and a high inci-
dence of false positive results.41 A 12-lead elec-
trocardiogram (ECG) identifies disorders associ-
ated with sudden death from cardiac causes in 
about two thirds of cases, including cases of 
hypertrophic cardiomyopathy, other cardiomy-
opathies, and electrical disorders such as the 
Wolffñ Parkinsonñ White syndrome and long QT 
syndrome; this approach outperforms history tak-
ing and physical examination alone, with a low 
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incidence of false positive results when contem-
porary standards for ECG interpretation in ath-
letes are followed.42

In a meta-analysis of ECG and other screen-
ing tools that included 47,137 athletes, the most 
common diagnosis was the Wolffñ Parkinsonñ
White syndrome, detected in 1 in every 703 ath-
letes; the prevalence of hypertrophic cardiomy-
opathy and that of long QT syndrome was 1 in 
2613.41 In an Italian population-based study, car-
diovascular screening decreased the incidence of 
sudden death from cardiac causes among ath-
letes by 89% over a 20-year period, although 
methodologic concerns limited the definitive-
ness of the data.43 This finding was not repli-
cated in an Israeli study, which also had meth-
odologic limitations.44 Studies investigating the 
effect of screening with history taking and physi-
cal examination alone (without ECG) on the risk 
of sudden death from cardiac causes are lacking. 
Although ECG adds to the cost of screening, the 
added sensitivity results in a significantly lower 
cost per diagnosis.45

The NCAA recognizes that many schools in-
corporate ECG in screening and has recommend-
ed standards for those that do.46 With the use of 
an appropriate technique, echocardiography can 
identify most coronary-artery anomalies,47 as well 
as proximal aortopathy and congenital conditions 
not associated with sudden cardiac arrest and 
death, such as a bicuspid aortic valve. However, 
data on the additional benefit of echocardio-
graphic screening are limited, and its use adds 
complexity and cost. The appropriate screening 
strategy depends on the resources available, risk 
tolerance, and the population being screened. In 
addition, a one-time screening does not rule out 
cardiac disease over time, because some disor-
ders may be acquired (e.g., myocarditis), exhibit 
phenotypic variability (e.g., long QT syndrome), 
or evolve (e.g., cardiomyopathy).19,23 Athletes with 
ECGs that border on abnormal and a workup that 
is negative for cardiac conditions should undergo 
follow-up screening. Cardiovascular screening 
can be reasonably repeated every 2 to 3 years 
until the athlete is 25 years of age. Cardiovascu-
lar screening in athletes older than 25 years 
should include an assessment of risk factors for 
atherosclerotic disease, with additional assess-
ment as clinically indicated.48

Emergency Action Plans
Prompt recognition of sudden cardiac arrest and 
early treatment with defibrillation are critical for 
survival.16 Emergency action plans, along with 
routine rehearsal of the plans, are required (or 
recommended) by most professional sporting 
organizations and those that govern high-school 
and college sports.46,49 Any athlete who has col-
lapsed and is nonresponsive should be consid-
ered to be in cardiac arrest, and an automated 
external defibrillator (AED) should be applied. If 
an athlete is not in cardiac arrest, no shock will 
be delivered. Agonal breaths and tonicñ clonic 
movements during sudden cardiac arrest can 
lead bystanders to delay time-critical treatment. 
An interval of less than 3 minutes between col-
lapse and shock improves the outcome, and emer-
gency action plans should be developed to meet 
this target. A well-planned emergency action plan 
includes activation of emergency medical ser-
vices (EMS), early cardiopulmonary resuscita-
tion, and early defibrillation. Emergency action 
plans should include plans for routine mainte-
nance of AEDs and associated supplies, as well 
as coordination with local EMS providers. Sur-
vival among athletes with sudden cardiac arrest 
has increased over the past two decades, and the 
most recently reported survival ranges from 48 
to 89% (Fig. 3).21,22,24,31,50-54

Di agnos tic E va luation a f ter 
R e t ur n of Spon ta neous 

Circul ation

Diagnostic evaluation of an athlete who has sur-
vived sudden cardiac arrest should be similar to 
that for any survivor of cardiac arrest of a simi-
lar age. Causes mirror those in sudden death 
from cardiac causes, as enumerated above, but 
ECG and functional studies in survivors may 
lead to the diagnosis of a specific disorder that 
would not have been identified at autopsy (i.e., 
one that would have led to classification as au-
topsy negative) in an athlete who did not survive 
sudden cardiac arrest. Evaluation starts with his-
tory taking, physical examination, and ECG and 
includes elements that are common to the evalu-
ation of all survivors of sudden cardiac arrest, 
with an additional focus on athlete-specific fea-
tures. Exercise-related events are often associated 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by MATTHEW HENDRICKSON on May 7, 2026. 



n engl j med 394;3 nejm.org January 15, 2026274

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

with arrhythmogenic right ventricular cardio-
myopathy,55 catecholaminergic polymorphic ven-
tricular tachycardia,56 and anomalous coronary 
arteries.27

The evaluation should include an inquiry 
about performance-enhancing drugs.16 A review 
of video, which is often recorded at both compe-
titions and practice, may also provide clues.16 A 
history or video of a hit in the chest is suggestive 
of commotio cordis.40 However, underlying struc-
tural or electrical heart disease must be ruled 
out before commotio cordis is diagnosed.16 ECG 
may indicate a diagnosis of long QT syndrome; 
however, ECGs in patients who have been resus-
citated commonly show a prolonged corrected 
QT interval, which frequently returns to normal 
after 3 to 5 days.57 The ECG will also detect the 
Wolffñ Parkinsonñ White syndrome or ST-segment 
elevation myocardial infarction and may indicate 

the presence of Brugada syndrome. Toxicology 
analysis may elucidate contributors to sudden 
cardiac arrest, although the results are less often 
positive in athletes than in nonathletes.

The next step in the evaluation is echocar-
diography, which can indicate hypertrophic car-
diomyopathy, arrhythmogenic cardiomyopathies, 
and other cardiomyopathies, as well as bileaflet 
arrhythmogenic mitral valve prolapse. Although 
ECG can be abnormal in patients with cardiomy-
opathies, the sensitivity for hypertrophic cardio-
myopathy is 75 to 90%58 and may be lower for 
other cardiomyopathies.59 Echocardiography is 
also less sensitive for cardiomyopathies, such as 
apical hypertrophic cardiomyopathy or arrhythmo-
genic right ventricular cardiomyopathy, than is 
cardiac magnetic resonance imaging (MRI), which 
should be the next step if the diagnosis remains 
uncertain after ECG and echocardiography.59,60

Figure 4. Return to Play for Athletes Who Survive Sudden Cardiac Arrest.

Current statements from professional societies support shared decision making regarding return to play for many athletes who survive 
sudden cardiac arrest, with factors such as underlying heart disease, the athleteí s sport, and the athleteí s goals and preferences taken 
into account.16,48 ICD denotes implantable cardioverterñ defibrillator.

Diagnosis Disease-specific and
athlete-tailored
treatment
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Shared decision making
Psychological readiness
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ICD programming
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to play
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arrest in
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Emergency action plan
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For athletes in whom structural heart disease is 
diagnosed, the presence of fibrosis on cardiac 
MRI is an important addition to the risk assess-
ment. However, fibrosis is seen in 38% of healthy 
athletes, particularly at the right ventricular in-
sertion site.61 The left ventricular ejection frac-
tion may be transiently depressed after cardiac 
arrest.

Because normal cardiac adaptation to vigor-
ous exercise can mimic the abnormal findings 
of cardiomyopathies, imaging tests in athletes 
should be interpreted by experts with an under-
standing of cardiac athletic adaptation,17 as well 
as an understanding of the sequelae of sudden 
cardiac arrest. Coronary computed tomography 
(CT) angiography remains the standard for the 
detection of an anomalous coronary artery.47

If the diagnosis remains elusive, evaluation for 
diseases that affect the electrical system, such as 
channelopathies, is the next step. Exercise testing, 
particularly with the use of a burst protocol, can 
induce ventricular arrhythmias in patients with 
catecholaminergic polymorphic ventricular tachy-
cardia, which is characterized by normal results 
on resting ECG. Challenge with intravenous ad-
ministration of a sodium blocker such as procain-
amide can reveal Brugada syndrome. Genetic 
testing may be useful if the diagnosis remains 
unclear, and it is also useful for evaluation of fam-
ily members if a potentially inherited entity has 
been diagnosed in the athlete.

A detailed diagnostic algorithm for evaluating 
athletes with sudden cardiac arrest has been pub-
lished previously.16 Additional details about causes 
of sudden cardiac arrest in athletes are provided 
in the Supplementary Appendix.

A pproach t o Decision M a k ing 
a bou t a R e t ur n t o Pl a y

Most conditions leading to sudden cardiac arrest, 
as well as treatments such as the implantable 
cardioverterñ defibrillator (ICD), were historically 
considered to be contraindications for a return 
to vigorous, competitive exercise because of con-
cern about the risk of sudden death from cardiac 
causes.62 However, increasing data have suggested 
that many athletes who have survived sudden 
cardiac arrest and are appropriately treated can 
return to sports without having a high risk of 

recurrence. These data, in combination with the 
evolution toward a more patient-centered ap-
proach to medical decision making, have led to 
major changes in recommendations by profes-
sional societies with regard to a return to play 
for athletes who have survived sudden cardiac 
arrest; such recommendations now emphasize 
a shared decision-making approach.48 For most 
cardiac diseases leading to sudden cardiac ar-
rest, the approach has moved from whether they 
can return to play to how they can return to 
play (Fig. 4).

The first step is disease-specific treatment. 
For most survivors of sudden cardiac arrest, this 
includes ICD implantation. If commotio cordis 
is definitively diagnosed after underlying heart 
disease has been ruled out, further treatment is 
not required. Athletes in whom a fully reversible 
cause is identified can return to play after treat-
ment, such as ablation of the accessory pathway 
in athletes with the Wolffñ Parkinsonñ White syn-
drome. For a minority of heart diseases, other 
treatments may be adequate to prevent recur-
rence, such as medical or denervation therapy in 
some channelopathies or surgical treatment in 
anomalous coronary or congenital heart disease. 
Risk assessment and treatment should be indi-
vidualized, with expert guidance. However, for 
most entities that lead to sudden cardiac arrest, 
including cardiomyopathies and most electrical 
diseases, as well as sudden cardiac arrest for 
which no diagnosis has been identified (idio-
pathic ventricular fibrillation or unexplained car-
diac arrest), ICD implantation is indicated for 
secondary prevention.16,63

After the athlete has undergone disease-specific 
treatment, shared decision making about the 
return to play starts with a discussion of the 
athlete' s values and preferences.64 Shared deci-
sion making requires discussion of the available 
data on a return to play that addresses the ath-
lete' s specific condition and sport, as well as the 
limitations of the data. Risk tolerance is dis-
cussed in the context of the athlete' s goals. Al-
though delineation of the roles of clinicians, pa-
tients, and teams continues to evolve with some 
debate,65 the initial discussion between the pa-
tient and physicians should be followed by a 
collaborative discussion among all stakeholders, 
including treating physicians, team physicians, 
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and institutional stakeholders (schools, leagues, 
athletic departments, and trainers) in order to 
integrate medical knowledge, clinical uncertainty, 
the athlete' s and family' s values, and institutional 
philosophy and risk tolerance.66

Data a nd R ecommendations 
from Professiona l So cie ties

The largest registry of data from athletes who 
returned to play after sudden cardiac arrest, the 
multinational prospective ICD Sports Registry, 
included 201 athletes with a history of sudden 
cardiac arrest as the indication for ICD implan-
tation (of a total of 440 athletes with ICDs who 
were included in the registry).67 After a mean 
follow-up of 44 months, there were no deaths, 
cardiac arrests, or failures to convert an arrhyth-
mia during sports, nor were there any sports 
injuries related to arrhythmias or shocks. Both 
appropriate and inappropriate shocks were deliv-
ered, during competition, practice, or other 
physical activity or at rest, but most of the ath-
letes returned to sports after receiving a shock. 
The incidence of system malfunction was simi-
lar to that among unselected patients with ICDs 
in previous case series.67

In a recent study involving elite athletes (pro-
fessional or NCAA Division I intercollegiate ath-
letes) who had returned to competition after a 
diagnosis of genetic heart disease, eight had a 
history of sudden cardiac arrest.68 Among these 
eight athletes, one received an appropriate shock 
that was not associated with exercise; there were 
no deaths or cardiac arrests. On the basis of 
these data, the 2025 American Heart Associa-
tionñ American College of Cardiology scientific 
statement on Clinical Considerations for Com-
petitive Sports Participation for Athletes with Car-
diovascular Abnormalities48 and the 2024 Heart 
Rhythm Society Expert Consensus Statement on 
Arrhythmias in the Athlete16 indicate that a return 
to play is reasonable for an athlete who has had a 
sudden cardiac arrest with subsequent ICD im-
plantation. However, the European Society of 
Cardiology suggests restricting athletic participa-
tion after sudden cardiac arrest for athletes with 
certain diseases.69 All the statements emphasize 
the importance of expert assessment by sports 
cardiologists, as well as disease-specific special-
ists such as electrophysiologists or cardiomyopa-
thy experts.

There are important caveats, however, that 
guide personalized discussion of the underlying 
disease and sport. Although many of the ath-
letes with ICDs who have been included in pub-
lished case series played soccer or basketball, 
high-level athletes with ICDs who returned to 
collision sports such as tackle football have not 
been described, and the risk of system damage 
may be higher for such athletes. Also, the under-
lying diagnosis plays a role ó  extensive, vigor-
ous exercise may increase the risk of disease 
progression in desmosomal genetic cardiomy-
opathies70 and possibly in lamin A and C and 
filamin C arrhythmogenic cardiomyopathies.16

The effect of vigorous exertion on the progres-
sion of other arrhythmogenic cardiomyopathies 
is under investigation. For hypertrophic cardio-
myopathy, current U.S. guidelines state that a 
return to play is reasonable,16 is reasonable to 
consider,48 or may be considered,58 with an indi-
vidualized risk assessment taken into account.

Assessment of psychological readiness for a 
return to play is an important step. Both survi-
vors of sudden cardiac arrest in the general 
population71 and athletes returning to play after 
less life-altering events72 have psychological dis-
tress. Care providers should be cognizant of both 
illness-related and sports-related psychological 
needs.

C a r e of a n Athle te W ho 
R etur ns t o Pl ay a f ter a Sudden 

C a r di ac A r r es t

The choice of both device and nondevice thera-
pies after sudden cardiac arrest should be guided 
by considerations that are specific for the athlete. 
ICDs approved by the Food and Drug Administra-
tion include transvenous and subcutaneous de-
vices, as well as the recently approved extravascu-
lar ICD. The pros and cons of each device for the 
general population include a higher incidence of 
lead complications with the transvenous device 
and a larger generator and fewer capabilities with 
the subcutaneous device.73 For the athlete, spe-
cific considerations include the extent of upper-
extremity repetitive motion, or extensive weight 
lifting, which may increase the risk of lead 
fracture in a transvenous device,16 a factor that 
favors a subcutaneous device for swimmers or 
rowers. For collision sports, the more promi-
nently located generator and extrathoracic lead 
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of the subcutaneous device may hypothetically 
increase the risk of damage, and this possibility 
is currently under investigation. In the ICD 
Sports Registry, programming with a high heart-
rate cutoff and long duration was associated with 
fewer appropriate and inappropriate shocks with-
out an increase in syncope.74

The potential for arrhythmia recurrence should 
be assessed before a return to play. Monitoring or 
interrogation of ICDs to detect arrhythmia at 
rest, with stress testing to detect exercise-induced 
arrhythmias, was included in the protocol for a 
series of athletes who returned to play success-
fully.68 Stress testing should reproduce the type 
of sport when possible and be terminated for 
symptoms, arrhythmia, or exhaustion at maxi-
mal effort rather than for achievement of an age-
predicted target heart rate or completion of the 
protocol.17 For an athlete with an ICD, stress 
testing also confirms the heart rate, as well as 
appropriate sensing, which is particularly rele-
vant in the case of athletes with the subcutaneous 
device, since T-wave oversensing can occur with 
this device. For athletes with arrhythmic condi-
tions that are treated medically, either as pri-
mary treatment or for reduction of ICD shocks, 
stress testing aids in the evaluation of the ade-
quacy of arrhythmia suppression.

Finally, long-term follow-up is critical. Re-
mote monitoring improves outcomes for ath-
letes with ICDs and is recommended for all such 
athletes. After a shock has been delivered, the 

underlying cause should be determined and ad-
dressed before a return to play. Recurrent ar-
rhythmias should be treated as appropriate, with 
medications, ablation, or sympathetic denerva-
tion, and the efficacy of suppression should be 
documented with monitoring and stress testing 
before a return to play. If an inappropriate shock 
is delivered because of a system malfunction or 
a sensing issue, the system should be revised as 
indicated.

Conclusions a nd Fu t ur e 
Dir ec tions

Sudden death from cardiac causes in an athlete 
is a tragedy that may be preventable by means of 
screening before participation and emergency 
action planning. These approaches are comple-
mentary ó  screening will never be 100% sensi-
tive, and emergency action plans will never cover 
all athletes in all locations. Further research is 
needed to determine the best screening methods 
and practices. Research on implementation will 
continue to enhance processes and protocols for 
emergency action plans. Advocacy at the state and 
federal levels to increase AED availability and to 
provide safer training environments is critical for 
improving the safety of athletes.

For the athlete who survives sudden cardiac 
arrest, ongoing research will enhance diagnos-
tic capabilities and tailoring of treatments to 
prevent recurrence. Ongoing studies such as the 

Key Points

Sudden Cardiac Arrest in Athletes
ï The incidence of sudden cardiac arrest in athletes varies according to age, race and ethnic group, sex, 

social determinants, and sport.
ï Causes of sudden cardiac arrest include cardiomyopathies, electrical disease, coronary-artery 

anomalies, and other structural abnormalities. The incidence of sudden cardiac arrest in college 
athletes has not increased during the time frame of the coronavirus disease 2019 (Covid-19) pandemic.

ï Prevention strategies include both screening for cardiovascular disease before participation in the sport 
and emergency action planning.

ï Diagnostic evaluation of athletes who survive sudden cardiac arrest should follow that for nonathletes 
in the same age group, but with attention to sport-specific causes, and should be performed by medical 
professionals with expertise in the interpretation of test results in the context of athletic adaptation.

ï Accumulating data indicate that many athletes who survive sudden cardiac arrest can return to sports 
without excess risk after undergoing appropriate disease-specific treatment. For many ó  although not 
all ó  cardiac diseases, professional societies now view a return to play after sudden cardiac arrest as 
reasonable or something that may be considered, through shared decision making, with emergency 
action plans and follow-up in place.

ï As some athletes who survive sudden cardiac arrest are returning to play, decisions about management 
of cardiac conditions should take sports participation into account.
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Outcomes Registry for Cardiac Conditions in 
Athletes75 will continue to expand our under-
standing of outcomes in athletes with cardiovas-
cular disease who return to play, at all levels of 
a sport. The overall goal is to prevent sudden 
cardiac arrest in athletes and, for survivors of 
cardiac arrest who wish to continue their par-

ticipation in sports, to facilitate a return to play 
while minimizing risk.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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