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BACKGROUND Sudden cardiac arrest is the leading cause of
death in young athletes. However, limited studies have examined
survival rates after exercise-related sudden cardiac arrest in the
youth.

OBJECTIVE The Purpose of this study was to monitor exercise-
related sudden death in the United States and to assess survival
trends following exercise-related sudden cardiac arrest in the
youth.

METHODS From January 1, 2000, through December 31, 2006,
exercise-related sudden death events in young individuals were
identified through a systematic search of public media reports.
Media reports were reviewed to clarify case circumstances and
relation to exercise, cause of death, outcome, and use of a defi-
brillator. The study used an observational cohort design with
weekly searches and updates to the database.

RESULTS During the 7-year period from 2000-2006, 486 total
cases of exercise-related sudden cardiac arrest were identified in
elementary school (age 5-11 years), middle school (age 11-14
years), high school (age 14-18 years), and college (age 18-22
years) individuals in the United States, with an average of 69

cases per year (range 48-96 years). Eighty-three percent (405/
486) of victims were male and 17% (81/486) were female, with a
male-to-female ratio of 5:1. Overall survival during this time
period was 11% (55/486), with a range of 4% to 21% survival per
year. There was a statistically significant trend toward improved
survival in recent years (P = .035). Females were more likely to
survive sudden cardiac arrest than were males (21% vs 9%, P =
.001).

CONCLUSION Survival following exercise-related sudden cardiac
arrest in the youth has been universally poor over the last 7 years
in the United States, despite a recent trend toward improved
survival. Improved reporting systems are needed to accurately
monitor these events, and strategies to improve outcomes from
exercise-related sudden cardiac arrest in the youth, such as im-
proved emergency response planning and public access defibrilla-
tion programs, should be considered.
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Introduction

Exercise-related sudden death in young individuals is a
catastrophic event with far-reaching emotional and social
impact on communities.' The vast majority of these sud-
den deaths are due to a variety of structural cardiovascu-
lar abnormalities (i.e., cardiomyopathies) and primary
electrical diseases (i.e., channelopathies) that go unde-
tected in otherwise healthy appearing athletes.'™ Al-
though such cardiac events are reported to be uncommon,
the true incidence of exercise-related sudden cardiac ar-
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rest (SCA) is unknown.?!%!"! In the United States, eval-
uation of SCA in young athletes is limited by the lack of
a mandatory reporting system for juvenile sudden death.
Studies to date have relied on survey or nonmandatory
reporting systems that likely underestimate the true inci-
dence of SCA in athletes.>*’ Available studies have
estimated the annual incidence of sudden cardiac death in
high school-aged athletes to be 1:100,000 to 1:300,000
and 1:65,000 to 1:69,000 in college-aged athletes.>*'0~'>
More recently, intensive search of public media reports and
other electronic databases has identified a larger number of
cases of SCA in athletes than previously established. The
Sudden Death in Young Athletes Registry in the United
States has identified approximately 115 cases of SCA per
year in young competitive athletes, or about one case of
sudden death every 3 days in the United States in organized
youth sports.'*> Thus, with approximately five million com-
petitive high school athletes and 500,000 competitive col-
legiate athletes, a more accurate estimate of the annual
incidence of SCA in young athletes is approximately
1:50,000 athletes.

doi:10.1016/j.hrthm.2008.03.001
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Prior studies of sudden cardiac death in athletes have
focused mostly on determining the etiology and incidence.
Limited studies have examined survival rates after SCA in
young athletes. These reports have found rather dismal
survival rates despite the otherwise good health and condi-
tioning of the young athletes with SCA. In a small series of
collegiate athletes, the survival rate was 11% despite timely
resuscitation in most cases.'* In the U.S. Commotio Cordis
Registry, the overall survival rate was found to be 16%."

The purpose of this study was to monitor exercise-related
sudden death in the United States and to assess survival
trends following exercise-related SCA in the youth.

Methods

From 2000-2006, exercise-related sudden death events in
young individuals were identified through a systematic
search of public media reports. The search was conducted
by members of Parent Heart Watch, a national organization
and support network of parents and families of children
affected by SCA dedicated to preventing sudden cardiac
death in the youth. During this 7-year period, approximately
15 hours per week was spent performing Internet-based
searches using three search engines (Google, Yahoo, and
Topix.net) and the following search terms: student, athlete,
collapsed, died, heart, cardiac, arrest, attack, football, bas-
ketball, baseball, soccer, running, school, unknown, college,
defibrillator, saved. Search terms were chosen to identify all
cases of SCA, including both deaths and survivors. Accord-
ingly, the study used an observational cohort design, with
cases determined longitudinally through weekly updates.

All cases of apparent exercise-related sudden death in
elementary school, middle school, high school, and college-
aged individuals were reviewed. Both recreational athletes
and competitive athletes participating in organized sports
were included. A case was defined as exercise related if it
occurred during exercise or within 1 hour of completing
exercise. Cases not thought to be exercise related were
excluded.

One of the study authors (JC) reviewed all of the avail-
able Internet-based media reports for the purposes of clar-
ification of case circumstances and relation to exercise,
cause of death, outcome, and use of a defibrillator. Cases
that were noncardiac in origin were excluded. The remain-
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Figure 1  Exercise-related sudden cardiac arrest (SCA) in the youth from
2000-2006 in the United States. MRSA = methicillin-resistant Staphylo-
coccus aureus; PE = pulmonary embolism.
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Figure 2  Gender differences in exercise-related sudden cardiac arrest.

ing cases were classified as confirmed SCA or suspected
SCA based on details of the media report. Suspected SCA
included cases with a witnessed collapse of unknown cause
but in whom SCA was probable based on the available
information.

Statistical analysis was conducted with SPSS 11.5
(SPSS, Inc., Chicago, IL, USA), using the Pearson Chi-
square statistic to assess significance for comparisons of
proportions and the linear-by linear association for test for
trend.'® The study was approved by the Human Subjects
Division at the University of Washington.

Results

During the 7-year period from 2000-2006, 521 total cases
of exercise-related sudden death were identified in the
United States in elementary school, middle school, high
school, and college-aged individuals. The age range for
cases based on school level was 5-11 years for elementary
school, 11-14 years for middle school, 14—18 years for high
school, and 1822 years for college. Of these 521 cases, 35
were excluded from further analysis after the cause of death
was determined to be noncardiac (Figure 1). Three-hundred
sixty-five cases were confirmed SCA, and 121 cases were
suspected SCA based on the available information in the
media report.

Over 7 years, 486 total cases of exercise-related SCA
were identified in U.S. youth, with an average of 69 cases
per year (range 48-96). Overall, 83% (405/486) of victims
were male and 17% (81/486) were female, with a male-to-
female ratio of 5:1 (Figure 2). Males represented 60%, 77%,
87%, and 88% of cases in the elementary school, middle
school, high school, and college populations, respectively.
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Figure 3  Exercise-related sudden cardiac arrest (SCA) by school
level.
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Table 1  Exercise-related sudden cardiac arrest in the youth
2000 2001 2002
Total Total Total
Deaths  Survivors ~ SCA Deaths  Survivors ~ SCA Deaths  Survivors ~ SCA
Elementary (age 5-11), Male
Confirmed 0 0 0 0 0 0 2 0 2
Suspected 1 0 1 0 0 0 1 0 1
Total 1 0 1 0 0 0 3 0 3
Elementary (age 5-11), Female
Confirmed 0 0 0 3 0 3 0 0 0
Suspected 0 0 0 0 0 0 0 0 0
Total 0 0 0 3 0 3 0 0 0
| Elementary, Total 1 0 1 3 0 3 3 0 3
Middle School (age 11-14), Male
Confirmed 1 0 1 8 2 10 3 1 4
Suspected 0 0 0 1 0 1 2 0 2
Total 1 0 1 9 2 11 5 1 6
Middle School (age 11-14), Female
Confirmed 1 0 1 2 1 3 0 0 0
Suspected 0 0 0 0 0 0 0 0 0
Total 1 0 1 2 1 3 0 0 0
| Middle School, Total 2 0 2 11 3 14 5 1 6 |
High School (age 14-18), Male
Confirmed 24 3 27 17 2 19 21 1 22
Suspected 6 0 6 13 0 13 11 0 11
Total 30 3 33 30 2 32 32 1 33
High School (age 14-18), Female
Confirmed 6 1 7 1 0 1 6 1 7
Suspected 0 0 0 0 0 0 0 0 0
Total 6 1 7 1 0 1 6 1 7
| High School, Total 36 4 40 31 2 33 38 2 40
College (age 18-22), Male
Confirmed 4 0 4 10 0 10 9 1 10
Suspected 0 0 0 2 0 2 1 0 1
Total 4 0 4 12 0 12 10 1 11
College (age 18-22), Female
Confirmed 0 1 1 0 0 0 0 0 0
Suspected 0 0 0 0 0 0 1 0 1
Total 0 1 1 0 0 0 1 0 1
College, Total 4 1 5 12 0 12 11 1 12
Grand Total 43 5 48 57 5 62 57 4 61

All ages are given in years.
SCA = sudden cardiac death.

The majority of cases of SCA occurred in the high school-
aged population (Figure 3). Table 1 lists the number of
deaths and survivors based on the year and school level.
Overall survival during this time period was poor, with
an average survival rate of 11% (55/486) and a range of 4%
to 21% survival per year (Figure 4). When cases of con-
firmed SCA were considered alone, survival was similarly
poor at 11% (40/365). Survival in cases of suspected SCA
was 12% (15/121), suggesting the two groups were similar
(P = .665). There was a statistically significant trend toward
improved survival in more recent years. A linear-by-linear
association test for trend showed that overall survival for all
cases of SCA improved in recent years (P = .035) as well
as when only those cases of confirmed SCA were consid-
ered (P = .018). There was no difference in survival be-
tween age groups or school level. Females were more likely

to survive SCA than were males (21% vs 9%, P = .001;
Figure 5).

Of the 55 cases of survival, the details of resuscitation
were reported by the media in 40 cases. Of these 40
cases, 93% (37/40) received defibrillation: 35% (14/40)
through use of an automated external defibrillator (AED)
by a nontraditional first responder and 58% (23/40)
through defibrillation by emergency medical services
(EMS) personnel (Figure 6). It appeared there may be a
trend toward increased AED use by nontraditional first
responders in recent years; however, the number of cases
was too small to perform a trend analysis. The details of
the resuscitation and method of defibrillation were pro-
vided in only 12 (<3%) of 431 media reports of nonsur-
vivors; thus, further analysis on the details of defibrilla-
tion in this group was not possible.
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Table 1 continued
2003 2004 2005 2006 2000-2006
Total Total Total Total Total
Deaths Survivors SCA | Deaths Survivors SCA | Deaths Survivors SCA | Deaths Survivors SCA | Deaths Survivors SCA
3 0 3 5 3 8 6 0 6 1 0 1 17 3 20
0 0 0 2 0 2 0 0 0 1 0 1 5 0 5
3 0 3 7 3 10 6 0 6 2 0 2 22 3 25
2 0 2 2 0 2 5 1 6 2 0 2 14 1 15
0 0 0 0 0 0 2 0 2 0 0 0 2 0 2
2 0 2 2 0 2 7 1 8 2 0 2 16 1 17
5 0 5 9 3 12 13 1 14 4 0 4 38 4 42
6 0 6 2 0 2 6 1 7 5 3 8 31 7 38
3 0 3 1 0 1 4 0 4 6 0 6 17 0 17
9 0 9 3 0 3 10 1 11 11 3 14 48 7 55
1 0 1 1 0 1 0 0 0 2 1 3 7 2 9
0 0 0 1 1 2 3 0 3 2 0 2 6 1 7
1 0 1 2 1 3 3 0 3 4 1 5 13 3 16
10 0 10 5 1 6 13 1 14 15 4 19 61 10 71
26 0 26 20 3 23 32 5 37 30 5 35 170 19 189
8 1 9 7 1 8 9 1 10 8 1 9 62 4 66
34 1 35 27 4 31 41 6 47 38 6 44 232 23 255
4 0 4 1 1 2 3 2 5 1 1 2 22 6 28
2 1 3 2 0 2 1 2 3 2 0 2 7 3 10
6 1 7 3 1 4 4 4 8 3 1 4 29 9 38
40 2 42 30 5 35 45 10 55 41 7 48 261 32 293
9 1 10 5 0 5 7 1 8 7 2 9 51 5 56
5 0 5 2 0 2 3 0 3 1 0 1 14 0 14
14 1 15 7 0 7 10 1 11 8 2 10 65 5 70
0 1 1 1 1 2 1 0 1 2 1 3 4 4 8
0 0 0 0 0 0 1 0 1 0 0 0 2 0 2
0 1 1 1 1 2 2 0 2 2 1 3 6 4 10
14 2 16 8 1 9 12 1 13 10 3 13 71 9 80
69 4 73 52 10 62 83 13 96 70 14 84 431 55 486
—
Discussion ercise-related SCA may be more common in females than

To our knowledge, this is the largest study assessing sur-
vival following exercise-related SCA in young individuals
in the United States. Although this study was not designed
to calculate the true incidence rate of exercise-related SCA,
an average of one to two cases per week were identified in
the United States over the last 7 years. It also is likely that
not all cases were identified due to underreporting and
limitations in the search process.

This study identified a higher proportion of female vic-
tims of SCA than has been previously reported. Past studies
found a male-to-female ratio of 9:1 versus the 5:1 ratio
found in this study.”~>"'' One potential factor contributing
to the higher proportion of female SCA victims in this study
is the inclusion of recreational athletes and all exercise-
related SCA. Past studies focused primarily on competitive
athletes involved in organized athletics. Thus, although ex-

previously suspected, the differences in study populations
may account for this finding.

Survival following exercise-related SCA in young indi-
viduals was universally poor and consistent with rates re-
ported in earlier smaller studies.'*'> Historically, survival
following out-of-hospital SCA in the general population has
been low when relying solely on conventional EMS re-
sponse.'”'® Public access defibrillation programs with use
of an AED by nontraditional responders or bystanders have
greatly improved survival from out-of-hospital cardiac ar-
rest, with survival rates from 41% to 74% if bystander CPR
is provided and defibrillation occurs within 3 to 5 minutes of
collapse.'*'*~2" The poor survival found in this study in
young individuals is in many ways counterintuitive given
their otherwise good health and youth. Factors responsible
in part for the low survival rates in young athletes have been
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Figure 4  Survival Rates after exercise-related sudden cardiac arrest Year

(SCA). P values indicate trend toward improved survival in recent years.

suggested and include poor rescuer recognition of SCA,
inaccurate rescuer assessment of pulse or respirations, de-
layed access to AEDs and early defibrillation, and the pres-
ence of intrinsic structural cardiac abnormalities, such as
hypertrophic cardiomyopathy, which may become more re-
sistant to defibrillation with delays in resuscitation.'*

A trend toward improved survival was identified in re-
cent years. The reasons for this trend are not immediately
clear, although it could be due to improved recognition of
SCA and the increasing presence of on-site AED programs
in high school and college athletic programs.'*?® It also is
possible that an increased reporting bias toward survivors of
SCA in recent years accounts for this trend. In this study, it
appears there may be a trend toward increased AED use in
recent years that would correlate with the statistically sig-
nificant trend toward improved survival. However, the num-
ber of cases was too small to run a statistical analysis. We
speculate that, over the next few years, the close link be-
tween on-site AED programs in schools and improved sur-
vival following SCA in young athletes will be clearly dem-
onstrated.

This study found a higher survival rate in females than in
males. More research is needed to elucidate the etiologies
and other factors that may influence this survival difference
in young individuals with SCA.

In this study, 93% of SCA survivors received defibrilla-
tion. Although study limitations do not allow determination
of the overall efficacy of AEDs in cases of SCA in young
individuals, this study does highlight the necessity of ap-

50% 1
45% 1
40% @ Male
35%1
30% 1
25%1
20% 1
15% 1
10%-1

5%

0% -

B Female

Elementary Middle School  High School College Total
age 5-11 age 11-14 age 14-18 age 18-22

Figure 5  Survival rates in males vs females after exercise-related sud-
den cardiac arrest.

Figure 6  Method of resuscitation in survivors of exercise-related sudden
cardiac arrest. AED = automatic external defibrillator; EMS = emergency
medical services.

propriate emergency planning for SCA, with consideration
for a readily accessible AED to provide prompt and timely
access to defibrillation during resuscitation. In 2007, an
interassociation task force provided consensus recommen-
dations for emergency preparedness and management of
SCA in high school and college athletic programs.’ Access
to early defibrillation is essential, and a target goal of less
than 3 to 5 minutes from collapse to first shock is strongly
recommended.” The poor sensitivity of current prepartici-
pation screening practices in the United States in identifying
potentially lethal cardiac abnormalities in young athletes
underscores the importance of appropriate emergency pre-
paredness and access to early defibrillation as a means of
secondary prevention of sudden death.’

Study limitations

The limitations of this study should be considered when
interpreting the results. The reliance of this study on media
reporting to identify cases of exercise-related SCA may
result in some selection bias. Media reports may be more
likely to identify deaths in athletes participating in highly
visible team sports and possibly bias the results toward poor
outcomes. It also is likely that, due to underreporting or
limitations in the search process, not all cases of exercise-
related SCA were identified. Information from media re-
ports on the etiology of the SCA was limited. An attempt
was made to categorize cases as confirmed or suspected
SCA based on the details of the case available. Although it
is possible that not all of the cases in the suspected SCA
group were cardiac in origin, the comparable survival rates
with the confirmed SCA group suggest the groups are sim-
ilar. Lastly, because the details of resuscitation efforts fre-
quently were not reported in cases that ultimately resulted in
death, the overall efficacy of AEDs in cases of SCA could
not be determined in this study. Further research that more
closely examines the details of resuscitation, emergency
planning, and timing and method of defibrillation in exer-
cise-related SCA in the youth is ongoing.

This study and its limitations highlight the need for a
mandatory reporting system for juvenile sudden death in the
United States. Without an improved reporting system, reli-
ance on media reports is one of the only means of identi-
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fying cases of exercise-related SCA. Closer follow-up and
review of each case would be valuable, but further investi-
gation should not preclude recognition that current survival
rates following SCA in exercising youth are dismally low.
The impact of sudden death in a young athlete is dispro-
portionately large, and the low survival rate should compel
the medical community to support methods for better in-
vestigation, prevention, and secondary management of these
events should they occur. A mandatory reporting system
would enhance the study of the true incidence and etiology
of exercise-related sudden death of all causes for both or-
ganized and recreational athletes and would advance our
knowledge, which could aid in the identification of athletes
at risk. The value of a mandatory reporting system in de-
termining the impact of a standardized preparticipation
screening program has been demonstrated in Italy.?

Conclusion

Survival following exercise-related SCA in young individ-
uals has been poor over the last 7 years in the United States.
Despite the poor survival rate, there is a statistically signif-
icant trend toward improved survival in recent years, and
there may be a concurrent trend toward increased AED use.
Females were found to have a higher survival rate than
males, and this finding requires further research to identify
contributing factors. This study highlights the need for im-
proved reporting systems for juvenile sudden death in the
United States. Improved emergency response planning, en-
hanced recognition of SCA, and access to early defibrilla-
tion through on-site AED programs are the likely means to
improving survival from exercise-related SCA.
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