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ABSTRACT
Objective To investigate the aetiology and incidence 
of sudden cardiac arrest and death (SCA/D) in US 
competitive athletes.
Methods Prospective surveillance was conducted 
from 1 July 2014 to 30 June 2018 through the National 
Center for Catastrophic Sports Injury Research in 
collaboration with national sports organisations. Autopsy 
reports, death certificates, and medical records were 
reviewed by an expert panel to determine aetiology. 
Athlete participation statistics from the National 
Federation of State High School Associations and the 
National Collegiate Athletic Association (NCAA) were 
used to calculate incidence rates per athlete- years (AY). 
Comparisons of incidence rates were calculated using 
incidence rate ratios (IRR) with 95% CIs.
Results 331 cases of confirmed SCA/D (158 survivors; 
173 fatalities) were identified; 15.4% in middle school, 
61.6% in high school and 16.6% in college and 
professional athletes. Average age was 16.7 (11–29) 
years, and the majority were in male (83.7%), basketball 
(28.7%) or American football (25.4%) athletes. Common 
causes included hypertrophic cardiomyopathy (20.6%), 
idiopathic left ventricular hypertrophy (13.4%), coronary 
artery anomalies (12.0%) and autopsy- negative sudden 
unexplained death (9.6%). Coronary anomalies were 
more common in middle school athletes (28%), while 
cardiomyopathies (hypertrophic, arrhythmogenic, dilated, 
non- compaction or restricted) accounted for 47% of 
cases in college and professional athletes. Incidence 
was higher in male versus female athletes at the high 
school (1:43 932 AY (95% CI 1:38 101 to 1:50 907) 
vs 1:203 786 AY (95% CI 1:145 251 to 1:293 794); 
IRR 4.6 (95% CI 3.1 to 7.2)) and NCAA (1:34 906 AY 
(95% CI 1:25 385 to 1:49 173) vs 1:123 278 AY (95% CI 
1:66 078 to 1:249 853); IRR 3.5 (95% CI 1.5 to 9.5)) 
levels. African American male NCAA Division I basketball 
players had the highest annual incidence rate of SCA/D 
(1:2087 AY (95% CI 1:1073 to 1:4 450)).
Conclusions Cardiomyopathies account for nearly 
half of SCA/D cases in college and professional athletes, 
while coronary artery anomalies play a more prominent 
role than expected in middle school athletes. Over half of 
SCA cases in athletes result in sudden death, calling for 
improved prevention strategies.

INTRODUCTION
The leading cause of sport- related death in 
competitive athletes is sudden cardiac arrest 

(SCA).1 2 However, studies to determine the 
precise incidence and aetiology of SCA in athletes 
have shown considerable variance. Early studies 
cite the incidence of sudden cardiac death (SCD) 
as approximately 1:200 000 athletes per year 
(AY) in the USA, with hypertrophic cardiomyop-
athy (HCM) representing one- third of cases.3–5 In 
contrast, more recent studies have estimated the 
incidence of SCD to be in the range of 1:50 000 
AY to 1:80 000 AY, with higher rates among males, 
African- American athletes, and male basketball 
athletes.1 6–8 In addition, several studies suggests 
that structurally normal hearts and presumed 
primary electrical disorders, also called autopsy- 
negative sudden unexplained death (AN- SUD), 
play a larger role in SCA and death (SCA/D) in 
athletes than previously demonstrated.1 7 9–11

Retrospective study designs and reliance on 
media reports and catastrophic insurance claims has 
led to underestimates of the true incidence of major 
cardiovascular events in athletes due to incomplete 
case identification.8 12 13 The lack of a mandatory 
reporting system and defined athlete cohort has 
made it challenging to study an adequately sized 
population to determine a precise incidence. SCA 
with survival is also an important factor to consider, 
as studies investigating only deaths will exclude a 
critical proportion of relevant cases that were 
successfully resuscitated. Indeed, survival from SCA 
is increasing with improved emergency response 
programmes and access to automated external 
defibrillators (AED).14

A better understanding of the epidemiology 
of SCA/D in young athletes is needed to inform 
more effective and targeted prevention strate-
gies. The purpose of this study was to determine 
the aetiology and incidence of SCA/D in USA 
competitive athletes through a comprehensive, 
prospective surveillance in collaboration with 
national centres.

METHODS
This study is a continuation of previously 
reported aetiology data on SCA/D in US compet-
itive athletes from 1 July 2014 to 30 June 2016.11 
This study includes a 4- year dataset beginning 1 
July 2014 to 30 June 2018 which allows a more 
robust representation of aetiology and up- to- date 
calculations of SCA/D incidence. This study was 
conducted in collaboration with the National 
Center for Catastrophic Sports Injury Research 
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(NCCSIR), the University of Washington (UW) Medicine 
Center for Sports Cardiology, the National Collegiate Athletic 
Association (NCAA), the National Federation of State High 
School Associations (NFHS) and Parent Heart Watch.

Prospective surveillance
Prospective surveillance was executed through systematic search 
of traditional and social media sources; reporting directly to 
the NCCSIR or UW Medicine Centre for Sports Cardiology; 
search of student- athlete deaths on the NCAA Resolutions List; 
direct communication with the NFHS; and regular review of 
cases collected in the Parent Heart Watch database. Sources 
were continuously monitored through active surveillance, and 
duplicate cases combined across data sources as previously 
described.11 Attempts were made to collect autopsy reports from 
public records and medical records through next- of- kin consent.

Comprehensive data acquisition was attempted on the 
following: demographics, sport participation, SCA/D event details, 
medical history, autopsy and hospital records, and cardiovascular 
findings. Information was abstracted from media reports, medical 
records, autopsy reports, death certificates and direct reporting 
to the NCCSIR, and confirmed by phone interviews with coro-
ners, medical examiners, family members and team/school athletic 
trainers and directors, when available. If no medical examiner or 
medical records were available, media reports and athlete photos 
were used to determine race. All competitive athletes in the 
USA are required to undergo a preparticipation evaluation that 
includes at minimum a history and physical examination. While 
some college athletes and most professional athletes also undergo 
a screening ECG, the specific screening protocol used in athletes 
later suffering SCA/D was unknown.

Inclusion criteria
Competitive athletes at the middle school (ages 11–13), high 
school including premiere/select level (ages 14–18), college (ages 
19–23), semiprofessional and professional levels (ages 24–29) 
who experienced SCA/D were included. A competitive athlete 
was defined as an individual at least 11 years of age involved in 
regular training in an organised individual or team sport with 
an emphasis on competition and performance. Furthermore, 
former athletes were included if the cardiac event occurred 
within 1 year of competitive sports participation in one of the 
previously described categories. SCD was defined as a sudden 
unexpected death due to a cardiac cause or a sudden death in 
a structurally normal heart with no other explanation for death 
and a history consistent with cardiac- related death. SCA was 
defined as an unexpected collapse due to a cardiac cause in 
which cardiopulmonary resuscitation and/or defibrillation was 
provided in an individual who survived.11

All cases of confirmed SCA/D in a competitive athlete were 
included regardless of the activity at the time of the event, 
including those occurring during exercise, within 1 hour of exer-
cise, at rest or during sleep. Cases occurring during exercise in 
which autopsy or medical records could not be obtained were 
included as cardiac in nature if the event details supported an 
abrupt collapse requiring cardiac resuscitation. Cases of possible 
SCA/D were excluded if participation as a competitive athlete 
could not be confirmed, a cardiac aetiology could not be deter-
mined (including autopsy negative cases) when occurring during 
rest or sleep, or a non- cardiac diagnosis was identified.

Aetiology panel adjudication
Provided the high variability in postmortem examinations in 
the USA, all records for cases of SCA/D were examined by a 

multidisciplinary study panel including experts in cardiovascular 
pathology, sports medicine and sports cardiology to determine 
the underlying cause based on published criteria.1 7 11 15 The 
Mayo Clinic nomograms for predicted mean heart weight based 
on age, sex and body weight were used as a component of the 
pathological guidelines.16 17 If the adjudicated diagnosis differed 
from the cause of death listed on the autopsy report, the adjudi-
cated diagnosis was used for analysis in this study.

Incidence calculations
Athlete population statistics were retrieved from the NFHS 
and NCAA in which participation data is provided per sport. 
Participation data for middle school athletics, the National Asso-
ciation of Intercollegiate Athletics, junior/community colleges, 
semiprofessional and professional levels was not available, and 
therefore, incidence rates could not be calculated at these levels. 
Race participation data were available for NCAA athletes; 
however, race statistics are not reported by the NFHS. All inci-
dence rates are reported per athlete- years (AY) of participation. 
At the high school level, some athletes play multiple sports but 
should account for only one AY of participation. In calculating 
the overall incidence at the high school level, a conversion factor 
of 2.35 was applied to account for multisport athletes as used in 
prior studies.4 7 18 19 A conversion factor was not used for calcu-
lation of sport- specific incidence rates in high school athletes as 
the actual participation statistics were available. Sport- specific 
incidence was calculated for sports in which five or more SCA/D 
events occurred during the study period. Incidence was further 
subdivided by race and NCAA division at the collegiate level. 
The relative risk of SCA/D in male college athletes by sport and 
race was compared with the risk in male high school athletes.

Because case capture and reporting mechanisms vary per state 
within the USA, we also conducted an exploratory analysis of the 
incidence of SCA/D in male high school athletes. State- specific 
participation statistics for high school athletes was obtained for 
each state based on NFHS data. We chose to calculate the inci-
dence of SCA/D in male high school athletes in states with five or 
more SCA/D cases as incidence rates with fewer than five events 
may be unreliable. A similar analysis could not be conducted for 
female high school athletes due to the low number of SCA/D 
cases.

Statistical analysis
Summary statistics and frequencies were calculated for all cases. 
Comparisons of incidence rates for cases of SCA and SCD strat-
ified by race, sex and sport were calculated using incidence 
rate ratios (IRR) with 95% CIs through the EpiR package in 
RStudio. IRRs and CIs were calculated using exact methods suit-
able for rare events. Statistical calculations were performed using 
RStudio (V.1.1.463, R Foundation for Statistical Computing, 
Vienna, Austria).

Patient and public involvement
This research was done without patient or public involvement in 
the study design, data analysis, writing or editing.

RESULTS
A total of 331 cases of confirmed SCA/D were identified in 
middle school, high school, collegiate and professional athletes 
across the USA during the 4- year study period. One hundred 
and fifty- eight (47.7%) were cases of SCA with survival and 
173 (52.3%) were cases of SCD. Demographic information for 
all cases is presented in table 1. Notably, the majority of cases 
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were observed in males (83.7%), high school athletes (61.6%) 
and during exercise (74.0%). Over half of all cases occurred in 
either basketball (95, 28.7%) or American football (84, 25.4%) 
athletes (table 2).

Aetiology
An aetiology could be determined in 209 (63.1% of all confirmed 
SCA/D) cases (141 deaths and 68 survivors). Information 

contributing to an adjudicated diagnosis included autopsy 
reports, cause of death reporting from the medical examiner, 
death certificates, verbal diagnosis from next- of- kin or a stated 
diagnosis in a media report (figure 1).

Information regarding the cause of death was available in 
141 of 173 (81.5%) SCD cases. A medical examiner report 
was available in 116 (67.1%) cases, including 96 full autopsy 
reports and 20 cause of death reports. Eighty- six (91.5%) of 
the available autopsy reports included microscopic examination 
and 4 (4.2%) genetic analysis. In 17 of 96 (17.7%) cases with 
full autopsy reports the adjudicated diagnosis differed from the 
cause of death stated in the autopsy report, including five cases 
determined to be AN- SUD. Information regarding the cause of 
SCA was available in 68 of 158 (43.0%) of survivors; however, 
medical records could be attained for review in only one case.

The most common cause of SCA/D was HCM (n=43, 
20.6%), followed by idiopathic left ventricular hypertrophy 
(n=28, 13.4%), coronary artery anomalies (n=25, 12.0%) and 
AN- SUD (n=20, 9.6%) (figure 2). Aetiology differed by age level 
(table 3). Coronary artery anomalies were the most common 
cause of SCA/D in middle school athletes (28%) but represented 
only 12% of cases in high school athletes and 3% of cases in 
college and professional athletes. Cardiomyopathies (hypertro-
phic, arrhythmogenic, dilated, non- compaction or restricted) 
accounted for 47% of cases in college and professional athletes, 
but represented only 28% of cases in high school athletes and 
27% in middle school athletes.

Incidence
During our study period, the total number of participating high 
school and NCAA athletes was 13 437 949 AY and 1 979 937 
AY, respectively. The overall average annual incidence rate 
of SCA/D at the high school and NCAA levels was 1:65 872 
AY (95% CI 1:57 691 to 1:75 538) and 1:50 768 AY (95% CI 

Table 1 Demographic information for cases of sudden cardiac arrest and death in competitive athletes: 1 July 2014–30 June 2018 (n=331)

Sudden cardiac arrest with survival (n=158) Sudden cardiac death (n=173) Total (n=331)

N (%) N (%) N (%)

Males 136 (86.1) 141 (81.5) 277 (83.7)

Females 22 (13.9) 32 (18.5) 54 (16.3)

Mean age (range) 16.5 (12–27) 16.9 (11–29) 16.7 (11–29)

Race/ethnicity

  Caucasian 88 (55.7) 76 (43.9) 164 (49.5)

  African- American 39 (24.7) 70 (40.5) 109 (32.9)

  Latino/Hispanic 10 (6.3) 18 (10.4) 28 (8.5)

  Asian 3 (1.9) 6 (3.5) 9 (2.7)

  Native American 0 (0) 2 (1.2) 2 (0.6)

  Unknown 18 (11.4) 1 (0.6) 19 (5.7)

Athletic level

  Middle school 22 (13.9) 29 (16.8) 51 (15.4)

  High school 108 (68.4) 96 (55.5) 204 (61.6)

  College athletes 21 (13.3) 23 (13.3) 44 (13.3)

  Semiprofessional/professional 4 (2.5) 7 (4.1) 11 (3.3)

  Recent/former athlete (within 1 year) 3 (1.9) 18 (10.4) 21 (6.3)

Activity level at time of arrest

  During exercise 135 (85.4) 110 (63.6) 245 (74.0)

  Within 1 hour after exercise 8 (5.1) 6 (3.5) 14 (4.2)

  Relative rest but awake 13 (8.2) 27 (15.6) 40 (12.1)

  During sleep 0 (0) 20 (11.6) 20 (6.0)

  Unknown 2 (1.3) 10 (5.8) 12 (3.6)

Table 2 Sport information for cases of sudden cardiac arrest and 
death in competitive athletes: 1 July 2014–30 June 2018 (n=331)

Sudden cardiac arrest 
with survival (n=158)

Sudden cardiac 
death (n=173)

Total 
(n=331)

N (%) N (%) N (%)

Basketball 43 (27.2) 52 (30.1) 95 (28.7)

Football 34 (21.5) 50 (28.9) 84 (25.4)

Soccer 22 (13.9) 17 (9.8) 39 (11.8)

Track/cross country 17 (10.8) 14 (8.1) 31 (9.4)

Baseball 14 (8.9) 7 (4.0) 21 (6.3)

Swimming 4 (2.5) 7 (4.0) 11 (3.3)

Lacrosse 6 (3.8) 3 (1.7) 9 (2.7)

Ice hockey 4 (2.5) 4 (2.3) 8 (2.4)

Wrestling 3 (1.9) 4 (2.3) 7 (2.1)

Softball 2 (1.3) 4 (2.3) 6 (1.8)

Volleyball 3 (1.9) 2 (1.2) 5 (1.5)

Dance 1 (0.6) 3 (1.7) 4 (1.2)

Tennis 1 (0.6) 3 (1.7) 4 (1.2)

Cheerleading 2 (1.3) 1 (0.6) 3 (0.9)

Boxing 0 (0) 1 (0.6) 1 (0.3)

Crew 1 (0.6) 0 (0) 1 (0.3)

Freestyle skiing 0 (0) 1 (0.6) 1 (0.3)

Flag football 1 (0.6) 0 (0) 1 (0.3)
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1:37 960 to 1:69 285), respectively. The incidence rate of SCA/D 
was higher in male vs female athletes at both the high school 
(1:43 932 AY (95% CI 1:38 101 to 1:50 907) vs 1:203 786 AY 
(95% CI 1:145 251 to 1:293 794); IRR 4.6 (95% CI 3.1 to 7.2)) 
and NCAA (1:34 906 AY (95% CI 1:25 385 to 1:49 173) vs 
1:123 278 AY (95% CI 1:66 078 to 1:249 853); IRR 3.5 (95% 
CI 1.5 to 9.5)) levels.

Among the sports analysed at the high school level with five 
or more cases in male athletes, ice hockey (1:23 550 AY; 95% CI 
1:12 110 to 1:50 207), basketball (1:39 811 AY; 95% CI 1:31 076 
to 1:51 761) and football (1:82 587 AY; 95% CI 1:64 189 to 
1:107 900) had the highest incidence rates of SCA/D (figure 3). 
In female high school athletes, only soccer (n=6) had greater 
than five cases with an incidence rate of 1:256 005 AY (95% CI 
1:131 641 to 1:545 783).

The incidence of SCA/D in male high school athletes was 
also analysed in states with five or more SCA/D cases (figure 4). 

Three states had an incidence less than 1:25 000 AY (range 
1:17 290–1:23 011); 10 states had an incidence between 
1:25 000 and 1:50 000 AY (range 1:25:548 – 1:47 969); and two 
states had an incidence between 1:50 000 AY and 1:100 000 AY 
(range 1:56 899–1:60 646). Incidence rates for 25 states were 
not included as each had less than five cases reported during the 
study period. In nine states, no case of SCA/D in a high school 
male athlete was reported or identified during the 4- year study 
period.

In NCAA athletes, the incidence rate appeared higher in 
African American (1:18 413 AY; 95% CI 1:11 226 to 1:31 921) 
vs Caucasian (1:38 641 AY; 95% CI 1:25 554 to 1:60 802) male 
athletes (IRR 2.1; 95% CI 0.9 to 4.6), although this difference 
was not statistically significant (figure 5). Basketball players had 
the highest incidence among both African- American (1:4810 AY; 
95% CI 1:2578 to 1:9 748) and Caucasian (1:15 098 AY; 95% CI 
1:5420 to 1:48 808) male athletes (IRR 3.1, 95% CI 0.6 to 31.0) 

Figure 1 Aetiology acquisition for cases of sudden cardiac arrest and death in competitive athletes: 1 July 2014–30 June 2018 (n=331).

Figure 2 Aetiology of sudden cardiac arrest and death (n=209).
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. African- American male NCAA Division I basketball players had 
the highest annual risk of SCA/D (1:2087 AY; 95% CI 1:1073 to 
1:4 450). In addition, 85.7% of African American male basket-
ball cases were at the Division I level. The IRR of SCA/D in an 
NCAA Division I African- American male college basketball athlete 
compared with a high school male athlete was 21.3 (95% CI 7.6 to 
46.7) times higher (figure 6).

DISCUSSION
This study provides a contemporary update of the aetiology and 
incidence of SCA/D in US competitive athletes. In the absence of a 
mandatory reporting system, a prospective surveillance approach 
with collaborative efforts among national centres, as described 
herein, is the most effective strategy at present to monitor SCA/D 
in US athletes in order to inform prevention strategies.

Table 3 Aetiology of sudden cardiac arrest and death by level of competition (n=209)

Middle school (n=29) High school (n=128)
College/semiprofessional/
professional (n=34)

N (%) N (%) N (%)

Hypertrophic cardiomyopathy 6 (20.7) 26 (20.3) 9 (26.5)

Idiopathic left ventricular hypertrophy 3 (10.3) 15 (11.7) 6 (17.6)

Coronary artery anomalies 8 (27.6) 15 (11.7) 1 (2.9)

Autopsy negative sudden unexplained death 3 (10.3) 13 (10.2) 4 (11.8)

Arrhythmogenic cardiomyopathy 0 (0) 7 (5.5) 3 (8.8)

Long QT syndrome 0 (0) 8 (6.3) 1 (2.9)

Commotio cordis 2 (6.9) 5 (3.9) 3 (8.8)

Wolff- Parkinson- White 0 (0) 7 (5.5) 2 (5.9)

Myocarditis 1 (3.4) 6 (4.7) 0 (0)

Aortic dissection/rupture 0 (0) 6 (4.7) 1 (2.9)

Dilated cardiomyopathy 1 (3.4) 1 (0.8) 3 (8.8)

Valve disorder 1 (3.4) 4 (3.1) 0 (0)

Coronary atherosclerosis 0 (0) 2 (1.6) 1 (2.9)

Complications of a congenital heart defect 2 (6.9) 2 (1.6) 0 (0)

Catecholaminergic polymorphic ventricular tachycardia 1 (3.4) 2 (1.6) 0 (0)

Hypertensive heart disease 0 (0) 1 (0.8) 0 (0)

Left ventricular non- compaction 0 (0) 2 (1.6) 0 (0)

Restrictive cardiomyopathy 1 (3.4) 0 (0) 0 (0)

Other 0 (0) 6 (4.7) 0 (0)

Figure 3 Incidence rates of sudden cardiac arrest and death in high school athletes. AY, athlete- years.
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While records to determine an aetiology were absent in 37% 
of cases, our study provides important insights into the causes 
of SCA/D in US athletes using the most complete data possible. 
HCM was the most common identified disorder across all age 
levels, accounting for approximately one in five cases, consistent 
with several prior studies.11 20–22 AN- SUD is the most common 
finding reported in select populations of SCD in athletes. 
AN- SUD accounted for 25% of SCD in NCAA athletes and 
42% of sports- related sudden death cases referred to a cardiac 

pathology centre in the UK.1 9 We found AN- SUD represented 
1 in 10 (10%) cases in this study. This difference may be related 
to the inclusion of SCA with survival in 48% of our cases, thus 
reducing the proportion of AN- SUD in our total cohort.

Our analysis provides important evidence that the causes of 
SCA/D vary by age. Anomalous coronary arteries accounted for 
nearly one- third of cases in middle school athletes. Coronary 
artery anomalies do not typically demonstrate ECG abnor-
malities but may present with symptoms of exertional chest 

Figure 4 Incidence rates of sudden cardiac arrest and death in high school male athletes in states with five or more cases.

Figure 5 Incidence rates of sudden cardiac arrest and death in NCAA athletes. AY, athlete- years; NCAA, National Collegiate Athletic Association.
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pain or syncope, suggesting that evaluation of exercise- related 
symptoms in this age group must exclude anomalous coronary 
pathology.23 24 Anomalous coronary artery origin can be iden-
tified by echocardiography in approximately 90% of cases, but 
cardiac MRI or CT provide a more detailed assessment of coro-
nary anatomy and should be considered when clinical suspicion 
remains and the echocardiogram is non- diagnostic. In contrast, 
cardiomyopathies such as HCM and arrhythmogenic cardiomy-
opathy represented nearly half of SCA/D cases in college and 
professional athletes. Other reports have also found HCM and 
arrhythmogenic cardiomyopathy are the most common causes of 
exercise- related SCD in athletes.21 22 Cardiomyopathies readily 
demonstrate abnormalities on a resting ECG.25 Notably, 71% of 
cases with an established pathological aetiology in college and 
professional athletes in this cohort were caused by disorders 
typically associated with ECG abnormalities.25

Our data also support that the incidence of SCA/D varies 
substantially across athlete sex, race, level of competition and 
sport. This study demonstrates a higher incidence of SCA/D in 
male, African- American and college athletes. Two sports, basket-
ball and football, represented over half of call cases. Similar 
to prior studies, male college basketball players demonstrate 
the highest risk.1 11 26 Male, African- American, NCAA division 
I basketball players had an alarming incidence rate of 1:2087 
AY. If translated over a 4- year college career, approximately 1 in 
500 male, African- American NCAA division I basketball players 
would suffer a life- threatening cardiovascular event. Indeed, this 
risk was 21.1 times higher than the average risk in a male high 
school athlete, although the IRR demonstrated a wide 95% CI 
(7.6 to 46.7). Similarly, in a prospective cohort of elite adoles-
cent soccer players, the risk of SCA/D was approximately seven 
times higher in black (1: 3908) vs white (1: 25 880) athletes.27

This study provides a breakdown of the incidence of SCA/D in 
male high school athletes by states with five or more cases. There 
were not enough cases to conduct a similar analysis in female 

high school athletes. It is well recognised that case identification 
varies considerably by competition level and that media reports 
remain the largest contributor to case identification at the high 
school level.11 In NCAA athletes, only 44% of SCD cases in divi-
sion III athletes and 61% of cases in division II athletes were 
identified by a systematic search of media reports, compared 
with 87% of SCD cases in division I athletes.1 Thus, it is likely 
that all estimates of SCA/D in high school athletes, including in 
this report, are underestimates and suffer from incomplete case 
capture. Accepting that media reporting of high school cases is 
inconsistent and that awareness of reporting mechanisms to the 
NCCSIR also may vary, we conducted incidence calculations 
based on state participation (denominator) data provided by 
the NFHS. Importantly, 13 states had an incidence of SCA/D 
in male high school athletes greater than 1:50 000 AY. While 
the small sample size and wide 95% CIs limit definitive conclu-
sions, these results suggest that the risk of SCA/D in male high 
school athletes may be underestimated in prior studies. More 
research is needed to determine factors to improve case capture 
and reporting mechanisms across states.

Our findings provide important insights to guide cardiovas-
cular screening programmes. To date, the existing minimum 
standard of a preparticipation history and physical examination 
has shown to inadequately identify at risk athletes with disor-
ders known to cause SCA/D.28–32 There remains controversy, 
however, on the optimal screening tool for athletes across all 
groups. Screening programmes must consider the risk of the 
targeted athlete population as well as the sports cardiology 
resources and physician expertise available to conduct more 
advanced screening.28 Effective strategies for cardiovascular 
screening in athletes also must account for the aetiologies most 
likely to place the athlete at higher risk of SCA/D.28 Our data 
support that ECG screening may be most effective in detecting 
disorders associated with SCA/D in targeted higher- risk athlete 
groups. Specifically, nearly three- quarters of cases in college and 

Figure 6 Incidence rate ratios (IRR) of sudden cardiac arrest and death in select athlete populations compared with all high school male athletes. 
DI, division I, NCAA, National Collegiate Athletic Association.
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professional athletes would readily display ECG abnormalities.25 
For male African- American college basketball players with the 
highest risk of SCA/D, more intensive screening programmes 
must become standard.

Ideally, a practiced emergency action plan would be in place 
for all sports at all levels with access to an athletic trainer 
and an AED at all practices and competitions.33 However, 
52% of SCA cases in this cohort resulted in sudden death. 
More research is needed to detail the gaps in emergency plan-
ning or delays in the recognition of SCA in order to improve 
outcomes. In addition, a coordinated emergency response 
may not be an option when events occur outside of organ-
ised practice and training. Thus, a multimodal approach that 
includes primary prevention through informed and targeted 
screening programmes alongside a comprehensive emergency 
action plan will be the best way to reduce the greatest number 
of catastrophic events in athletes.

Limitations
This study is limited by a number of factors, notably the lack of 
a mandatory reporting system within the USA and difficulty in 
acquiring records to evaluate aetiology. Although the prospective 
study design used all available resources for case identification, 
additional cases of SCA/D within the study population likely 
went undetected and would have impacted both the aetiology 
assessment and incidence calculations. Thus, under- reporting 
or incomplete case identification may have underestimated the 
overall incidence of SCA/D, and the reported incidences in this 
study represent minimum figures. Conclusions based on state 
and sport subgroups should be made with caution due to small 
case numbers; a limitation that could be addressed through a 
longer study duration with additional mechanisms to ensure case 
capture. The quality and depth of autopsy reports also varied 
widely among medical examiners and access to autopsy reports 
was subject to state regulations. Given the high variability in 
postmortem examinations throughout the USA, assessment by 
a multidisciplinary panel using standardised criteria for athletes 
was essential for making comparisons and identifying specific 
causes in this study. Furthermore, information for SCD cases 
was more readily available in comparison to survivors, as SCA 
with survival accounted for 47.7% of total cases but only 32.5% 
of available aetiologies. Additional research and a larger dataset 
are needed to explore survival rates based on aetiology, demo-
graphics, sport type and sport level.

CONCLUSION
The aetiology of SCA/D in competitive athletes involves a 
heterogeneous grouping of structural, electrical and acquired 
cardiac disorders. Cardiomyopathies represent nearly half of 
all cases in college and professional athletes, whereas coro-
nary artery anomalies are more common in younger middle 
school athletes. The majority of causes of SCA/D in athletes 
have recognisable changes on a resting ECG. The incidence 
of SCA/D varies based on sex, race, participation level, and 
sport, with male, African- American and basketball athletes 
demonstrating higher risk. This study also suggests that the 
incidence in male high school athletes may rival the risk in 
male college athletes—a finding which requires validation 
in longer duration studies. These results provide important 
information about SCA/D in athletes to inform the develop-
ment of more effective prevention strategies. Improved emer-
gency planning and universal access to AEDs during sport is 
likely to save lives.
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Key messages

What are the findings?
 ► The leading cause of sudden cardiac arrest and death 
(SCA/D) varies by age: anomalous coronary arteries 
accounted for 28% of cases in middle school athletes, while 
cardiomyopathies (hypertrophic, arrhythmogenic, dilated, 
non- compaction or restricted) accounted for 47% of cases in 
college and professional athletes.

 ► African- American male National Collegiate Athletic 
Association Division I basketball players had a greater 
incidence rate of SCA/D (1:2087 AY) which was 21.1 times 
higher than the average risk in a male high school athlete.

 ► Seventy- one percent of disorders causing SCA/D in 
college and professional athletes are associated with ECG 
abnormalities.

How might it impact on clinical practice in the future?
 ► Effective strategies for cardiovascular screening must account 
for the aetiologies most likely to cause SCA/D in a specific 
athlete population.

 ► The evaluation of exercise- related chest pain or syncope 
in middle school aged athletes must exclude anomalous 
coronary pathology.

 ► ECG screening to detect disorders associated with SCA/D 
should be considered in college and professional athletes and 
targeted higher- risk athlete groups.

 ► Secondary prevention through emergency response planning 
and access to automated external defibrillators has the 
potential to reduce fatalities from SCA in athletes.
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