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Objective: To assist high school and college athletic pro-
grams prepare for and respond to a sudden cardiac arrest
(SCA). This consensus statement summarizes our current un-
derstanding of SCA in young athletes, defines the necessary
elements for emergency preparedness, and establishes uniform
treatment protocols for the management of SCA.

Background: Sudden cardiac arrest is the leading cause of
death in young athletes. The increasing presence of and timely
access to automated external defibrillators (AEDs) at sporting
events provides a means of early defibrillation and the potential
for effective secondary prevention of sudden cardiac death. An
Inter-Association Task Force was sponsored by the National
Athletic Trainers’ Association to develop consensus recommen-
dations on emergency preparedness and management of SCA
in athletes.

Recommendations: Comprehensive emergency planning is
needed for high school and college athletic programs to ensure

an efficient and structured response to SCA. Essential ele-
ments of an emergency action plan include establishment of an
effective communication system, training of anticipated re-
sponders in cardiopulmonary resuscitation and AED use, ac-
cess to an AED for early defibrillation, acquisition of necessary
emergency equipment, coordination and integration of on-site
responder and AED programs with the local emergency medical
services system, and practice and review of the response plan.
Prompt recognition of SCA, early activation of the emergency
medical services system, the presence of a trained rescuer to
initiate cardiopulmonary resuscitation, and access to early de-
fibrillation are critical in the management of SCA. In any col-
lapsed and unresponsive athlete, SCA should be suspected
and an AED applied as soon as possible for rhythm analysis
and defibrillation if indicated.

Key Words: sudden cardiac death, athletes, emergency ac-
tion plan, automated external defibrillators

Sudden cardiac arrest (SCA) is the leading cause of death
in young athletes.1,2 Athletes are considered the health-
iest members of our society, and their unexpected death

during training or competition is a catastrophic event that stim-
ulates debate regarding both preparticipation screening evalu-
ations and appropriate emergency planning for athletic events.
Despite preparticipation screening, healthy-appearing compet-
itive athletes may harbor unsuspected cardiovascular diseases
with the potential to cause sudden death.3 With the increasing
availability of automated external defibrillators (AEDs) at ath-
letic events, there is potential for effective secondary preven-
tion of sudden cardiac death (SCD). The presence and timely
access of AEDs at sporting venues provide a means of early
defibrillation not only for athletes but also for spectators,
coaches, officials, event staff, and other attendees on campus
in the case of an unexpected SCA.

Many health-related organizations have guidelines for man-
aging SCA during athletic practices and competitions. How-
ever, these guidelines have not directly linked emergency plan-
ning and SCA management in athletics. The National Athletic
Trainers’ Association (NATA) convened an Inter-Association

Task Force in Atlanta, Georgia, on April 24, 2006, to develop
consensus recommendations on emergency preparedness and
management of SCA in high school and college athletic pro-
grams. The task force included representatives from 15 na-
tional organizations with special interest in SCA in young ath-
letes and a multidisciplinary group of health care professionals
from athletic training, cardiology, electrophysiology, emergen-
cy medicine, emergency medical technicians, family medicine,
orthopaedics, paramedics, pediatrics, physical therapy, and
sports medicine (Appendix).

The goal of this statement is to assist those in high school
and college athletic programs to prepare for and respond to an
unexpected SCA by summarizing the essential elements of
SCA in young athletes and outlining the necessary elements
for emergency preparedness and standardized treatment pro-
tocols in the management of SCA. Management guidelines are
focused on basic life support measures for SCA that can be
provided by both bystanders and health care professionals be-
fore the arrival of emergency medical services (EMS) person-
nel. All recommendations in this statement are in agreement
with the 2005 American Heart Association (AHA) guidelines
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for cardiopulmonary resuscitation (CPR) and emergency car-
diovascular care (ECC),4 the AHA scientific statement on re-
sponse to cardiac arrest and selected life-threatening medical
emergencies and the medical emergency response plan for
schools,5 and the NATA position statement on emergency
planning in athletics.6 Recommendations are directed toward
the athletic health care team, including athletic trainers, team
physicians, coaches, school administrators, and other potential
first responders. This statement is intended for high school and
college athletic programs and institutions, although the rec-
ommendations may be applicable in other settings.

Purposes of Consensus Statement

1. To summarize essential information regarding SCA in
young athletes

2. To define appropriate emergency preparedness for SCA at
athletic venues

3. To establish uniform recommendations for the management
of SCA in athletes

Organization of Consensus Statement

This statement is organized as follows:

1. Executive Summary, including key points on emergency
preparedness and management of SCA (Figure)

2. Background and review of the causes of SCD in young
athletes, limitations of cardiovascular screening, resuscita-
tion pathophysiology, survival after SCA, and factors af-
fecting survival in young athletes

3. Recommendations for emergency preparedness, including
review of the ‘‘chain of survival,’’ establishment of an
emergency action plan (EAP), access to early defibrillation,
emergency communication, emergency personnel, emer-
gency equipment, emergency transportation, practice and
review of the EAP, postevent catastrophic incident guide-
lines, current state of emergency preparedness, and obsta-
cles to implementing AEDs

4. Recommendations for the management of SCA, including
the 2005 AHA guidelines for CPR and ECC,4 the collapsed
athlete, recognition of SCA, and management of SCA for
both witnessed and unwitnessed collapses

5. Special circumstances regarding SCA associated with cer-
vical spine injuries; commotio cordis; exertional heat
stroke; lightning; mass events; and rainy, wet, ice, and met-
al surfaces

6. Conclusions

EXECUTIVE SUMMARY

Emergency Preparedness

• Every school or institution that sponsors athletic activities
should have a written and structured EAP.

• The EAP should be developed and coordinated in consul-
tation with local EMS personnel, school public safety offi-
cials, on-site first responders, and school administrators.

• The EAP should be specific to each individual athletic venue
and encompass emergency communication, personnel,
equipment, and transportation to appropriate emergency fa-
cilities.

• The EAP should be reviewed and practiced at least annually
with certified athletic trainers, team and consulting physi-

cians, athletic training students, school and institutional safe-
ty personnel, administrators, and coaches.6

• Targeted first responders should receive certified training in
CPR and AED use.

• Access to early defibrillation is essential, and a target goal
of less than 3 to 5 minutes from the time of collapse to the
first shock is strongly recommended.5,7

• Review of equipment readiness and the EAP by on-site event
personnel for each athletic event is desirable.

Management of Sudden Cardiac Arrest
• The initial components of SCA management are early acti-

vation of EMS, early CPR, early defibrillation, and rapid
transition to advanced cardiac life support (ACLS).

• Sudden cardiac arrest should be suspected in any collapsed
and unresponsive athlete.

• An AED should be applied as soon as possible on any col-
lapsed and unresponsive athlete for rhythm analysis and de-
fibrillation if indicated.

• Cardiopulmonary resuscitation should be provided while
waiting for an AED.

• Interruptions in chest compressions should be minimized and
CPR stopped only for rhythm analysis and shock.

• Cardiopulmonary resuscitation should be resumed immedi-
ately after the first shock, beginning with chest compres-
sions, with repeat rhythm analysis after every 2 minutes or
5 cycles of CPR, and continued until advanced life support
providers take over or the victim starts to move.7,8

• Sudden cardiac arrest in athletes can be mistaken for other
causes of collapse, and rescuers should be trained to rec-
ognize SCA in athletes with special focus on potential bar-
riers to recognizing SCA, including inaccurate rescuer as-
sessment of pulse or respirations, occasional or agonal
gasping, and myoclonic jerking or seizure-like activity.

• Young athletes who collapse shortly after being struck in the
chest by a firm projectile or by player contact should be
suspected of having SCA from commotio cordis.

• Rapid access to the SCA victim should be facilitated for
EMS personnel.

BACKGROUND

Causes of Sudden Cardiac Death in Young Athletes
The underlying cardiac anomaly in young athletes with SCD

is usually a structural cardiac abnormality. Hypertrophic car-
diomyopathy and coronary artery anomalies represent approx-
imately 25% and 14% of cases, respectively, in the United
States.1 Commotio cordis is caused by a blunt, nonpenetrating
blow to the chest that induces a ventricular arrhythmia in an
otherwise structurally normal heart and accounts for approxi-
mately 20% of SCD in young athletes.1 A variety of other
structural cardiac anomalies account for most of the remaining
causes of SCD in athletes. These include conditions such as
myocarditis, arrhythmogenic right ventricular dysplasia, Mar-
fan syndrome, valvular heart disease, dilated cardiomyopathy,
and atherosclerotic coronary artery disease. In about 2% of
sudden deaths in young athletes, postmortem examination fails
to identify a structural cardiac cause of death.1,9,10 These
deaths may be due to inherited arrhythmia syndromes and ion
channel disorders such as long QT or short QT syndrome,
Brugada syndrome, or familial catecholaminergic polymorphic
ventricular tachycardia (VT).1
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Figure 1. Management of sudden cardiac arrest. SCA indicates sudden cardiac arrest; EMS, emergency medical services; AED, auto-
mated external defibrillator; CPR, cardiopulmonary resuscitation.
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Vigorous exercise appears to be a trigger for lethal arrhyth-
mias in athletes with occult heart disease.1 Authors of the best
available studies estimate the incidence of SCD in high school
athletes to be 1:100 000 to 1:200 000.2,3 The estimated inci-
dence of SCD in college-aged athletes is slightly higher, rang-
ing from 1:65 000 to 1:69 000.2,11 However, with no manda-
tory national reporting or surveillance system, the true
incidence of SCA/SCD in athletes is unknown, and prior re-
ports may have underestimated the actual occurrence of SCA/
SCD in young athletes. More recently, Maron et al12 reported
on the frequency of sudden death in young competitive ath-
letes and documented approximately 110 deaths per year, or
about 1 death every 3 days in the United States.

Limitations of Cardiovascular Screening

A comprehensive discussion of preparticipation cardiovas-
cular screening in athletes is beyond the scope of this task
force. However, recognizing the limitations of current prepar-
ticipation screening strategies in detecting potentially lethal
cardiac abnormalities in young athletes is critical to under-
standing the need for emergency preparedness and manage-
ment protocols to prevent SCD. Healthy-appearing athletes
may harbor unsuspected cardiovascular disease with the po-
tential to cause SCD.3 In approximately 55% to 80% of cases
of SCD, the athlete is asymptomatic until the cardiac arrest,
with death representing the sentinel event of otherwise silent
cardiovascular disease.3,13 The task force supports the AHA
recommendations for cardiovascular screening in athletes,14 as
well as the use of a standardized questionnaire to guide ex-
aminers, such as the widely accepted monograph Prepartici-
pation Physical Evaluation, 3rd edition.15 At this time, car-
diovascular screening of asymptomatic athletes with
electrocardiography or echocardiography is not recommended
by the AHA in the United States because of the poor sensitiv-
ity, high false-positive rate, poor cost-effectiveness, and total
cost of implementation.14,16 Detection of premonitory cardio-
vascular symptoms such as a history of exertional syncope or
chest pain should be improved by the use of standardized his-
tory forms and requires a careful and thorough cardiovascular
evaluation to exclude underlying heart disease. Improved ed-
ucation for athletes, coaches, and health care professionals is
needed regarding symptoms that may precede SCA.

Resuscitation Pathophysiology

About 40% of out-of-hospital cardiac arrest victims dem-
onstrate ventricular fibrillation (VF) on first rhythm analysis.17

Ventricular fibrillation is characterized by chaotic rapid de-
polarizations and repolarizations, which cause the heart muscle
to quiver and lose its ability to pump blood effectively. It is
likely that a larger percentage of victims has VF or rapid VT
at the time of collapse, but the rhythm has already deteriorated
to asystole before the first rhythm analysis. The probability of
successful defibrillation for VF SCA diminishes rapidly over
time, with survival rates declining 7% to 10% per minute for
every minute that defibrillation is delayed.18,19 Defibrillation
through deployment of electric energy terminates VF and al-
lows the normal cardiac pacemakers to resume firing and pro-
duce an effective rhythm if the heart tissue is still viable. Sur-
vival after SCA is unlikely once VF has deteriorated to
asystole.

Cardiopulmonary resuscitation is important both before and
after defibrillation; it provides a small but critical amount of
blood flow to the heart and brain and increases the likelihood
that defibrillation will restore a normal rhythm in time to pre-
vent neurologic damage. Chest compressions create blood flow
by increasing intrathoracic pressure and directly compressing
the heart. When bystander CPR is initiated, survival declines
only 3% to 4% per minute for every minute defibrillation is
delayed.18,20 Thus, CPR can greatly improve survival from
witnessed SCA for any given time interval to defibrillation.
Resuming CPR immediately after shock delivery is also crit-
ical. Many victims are in pulseless electric activity or asystole
for several minutes after defibrillation, and CPR is needed to
provide perfusion.21–23 Unfortunately, bystander CPR is initi-
ated in less than one third of cases of witnessed SCA,24,25 and,
if initiated, more than 40% of chest compressions are of in-
sufficient quality.26 These deficiencies illustrate the tremen-
dous need for increased public education and training in CPR.

Automated external defibrillators are computerized devices
that analyze a victim’s rhythm, determine if a shock is needed,
charge to an appropriate shock dose, and use audio and visual
instructions to guide the rescuer. These devices are easy to use
and extremely accurate in recommending a shock only when
VF or rapid VT is present.27 In one study, AEDs were safely
and successfully operated by untrained sixth graders almost as
quickly as trained paramedics in a simulated resuscitation,
with only a 23-second difference in mean time to defibrilla-
tion.28

Weisfeldt and Becker29 described a 3-phase model of re-
suscitation to account for the changes in cardiac arrest path-
ophysiology that occur with time. The model emphasizes
phase-specific treatments based on the time interval from col-
lapse and includes the following: (1) the electric phase, which
extends from the time of cardiac arrest to approximately 4
minutes after cardiac arrest; (2) the circulatory phase, from
approximately 4 minutes to 10 minutes after cardiac arrest;
and (3) the metabolic phase, extending beyond 10 minutes
from cardiac arrest.29 The most critical intervention during the
electric phase is early defibrillation, and CPR should be pro-
vided until an AED or a manual defibrillator is available.

After 4 to 5 minutes of untreated VF (circulatory phase),
some authors suggest that outcomes may be better if shock
delivery is preceded by a brief period of CPR to deliver blood
to the heart and brain. In animals, outcomes improved for pro-
longed untreated VF when CPR was initiated before defibril-
lation compared with immediate defibrillation.30,31 In some
clinical studies,32,33 survival was improved when CPR was
initiated before defibrillation in cases of untreated VF lasting
longer than 3 to 5 minutes. Thus, as the duration of cardiac
arrest increases, initial chest compressions and oxygen deliv-
ery to vital tissues may take priority over defibrillation in some
patients, with delay of shock delivery until 1 to 2 minutes of
CPR has been completed.29,32,33

After approximately 10 minutes of cardiac arrest (metabolic
phase), additional tissue injury can occur from global ischemia
and with resumption of blood flow from reperfusion injury.
Cellular protection from reperfusion injury may be augmented
by hypothermia-mediated therapies to attenuate the rapid ox-
idant burst caused by restoring oxygen and substrates to is-
chemic tissues, although these therapies are not widely avail-
able.34
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Survival after Sudden Cardiac Arrest

The single greatest factor affecting survival after out-of-hos-
pital cardiac arrest is the time interval from arrest to defibril-
lation.19 Survival after out-of-hospital cardiac arrest has been
greatly improved by lay rescuer and public access defibrilla-
tion programs designed to shorten the time interval from SCA
to shock delivery. These programs train lay rescuers and first
responders in CPR and AED use and place AEDs in high-risk
public locations for SCA. Studies of rapid defibrillation using
AEDs with nontraditional first responders and trained or un-
trained laypersons in high-risk locations such as casinos, air-
lines, and airports have demonstrated survival rates from 41%
to 74% if bystander CPR is provided and defibrillation occurs
within 3 to 5 minutes of collapse.11,35–43 Key elements to the
success of these programs include training of motivated re-
sponders in CPR and AED use, a structured and practiced
response, and short response times.

Although SCA is a rare but catastrophic event in young
athletes, it is more common in an older population, with an
estimated annual frequency of 1 in 1000 persons aged 35 years
or older in the United States.19 The presence of AEDs in
schools and institutions provides a means of early defibrilla-
tion, not only for young athletes but also for other individuals
on campus who may experience an unexpected cardiac arrest.
Jones et al44 found a 2.1% annual probability of SCA on high
school campuses, mainly due to SCA among older school em-
ployees, spectators, and visitors on campus. At National Col-
legiate Athletic Association Division I universities, Drezner et
al11 found that older nonstudents, such as spectators, coaches,
and officials, accounted for 77% of SCA cases at collegiate
sporting venues and that placement of AEDs at these venues
provided a significant survival benefit for older nonstudents,
with a 54% overall immediate resuscitation rate.

Limited research is available regarding the survival rate in
young athletes after SCA. Initially, authors11,45 investigating
AED use in the college athletic setting did not identify a sur-
vival benefit in a small number of collegiate athletes with
SCA. Drezner and Rogers46 later investigated the timing and
details of resuscitation in 9 collegiate athletes with SCA. All
9 athletes had a witnessed arrest, and most received immediate
assessment by an athletic trainer skilled in basic life support
and CPR. Seven athletes received defibrillation, with an av-
erage time from cardiac arrest to defibrillation of 3.1 minutes.
Despite a witnessed collapse, timely CPR, and prompt defi-
brillation in most cases, only 1 of 9 (11%) athletes in this
cohort survived—an unexpected finding given the young age,
otherwise good health and physical conditioning of the ath-
letes, and early reported defibrillation.46 Other groups47,48

have also found the survival rate after SCA in young athletes
to be lower than expected. Maron et al47 analyzed 128 cases
from the United States Commotio Cordis Registry and found
an overall survival rate of 16%. Cardiopulmonary resuscitation
was performed in 106 cases and defibrillation in 41 cases, with
19 of 41 (46%) of the individuals who received defibrillation
surviving.47 Successful resuscitations using AEDs have been
reported in the public media and in case reports49,50 and dem-
onstrate the lifesaving potential of public access defibrillation
on the athletic field. Overall, the available studies on SCA in
young athletes raise concern regarding the low survival rate
and highlight the need for improved and more uniform resus-
citation strategies for SCA in young athletes.

Factors Affecting Survival in Young Athletes

Several factors may contribute to a lower resuscitation rate
in young athletes. Structural heart disease is consistently found
in most cases of SCD in young athletes. Ventricular arrhyth-
mias in the presence of structural heart disease, especially car-
diomyopathies, may be more resistant to even short delays in
defibrillation than SCA in the setting of a structurally normal
heart. Berger et al51 documented 18 episodes of unexpected
SCA in previously asymptomatic children and adolescents
aged 12 to 25 years in Wisconsin from 1999 to 2003. Survival
was poor in cases of structural heart disease: 1 of 9 survived
with hypertrophic cardiomyopathy, 1 of 3 survived with an
anomalous origin of the left coronary artery, and 0 of 1 sur-
vived with arrhythmogenic right ventricular dysplasia. In con-
trast, 5 of 6 patients with long QT syndrome and no structural
heart disease survived.51

In patients with hypertrophic cardiomyopathy, immediate
defibrillation within 10 seconds using implantable cardioverter
defibrillators is almost always effective in terminating poten-
tially lethal ventricular arrhythmias.52,53 However, in athletes
with hypertrophic cardiomyopathy, even a brief delay in de-
fibrillation may cause a steep decline in survival.46 In com-
motio cordis or primary electric disturbances, survival rates
more closely follow the traditional decline of 7% to 10% per
minute for every minute defibrillation is delayed.54 In an an-
imal model using juvenile swine, Link et al54 demonstrated
that successful resuscitation after commotio cordis was pos-
sible and highly dependent on the time interval to defibrilla-
tion. After induction of VF via blunt chest impact using a
baseball, defibrillation was performed after 1, 2, 4, and 6 min-
utes, with survival rates of 100%, 92%, 46%, and 25%, re-
spectively.54

Other factors may also contribute to the apparently lower
survival rate in young athletes after SCA. The overall inci-
dence of SCA in athletes is relatively rare, and delayed rec-
ognition of cardiac arrest by first responders may lead to delay
in initiating CPR and defibrillation. Rescuers may mistake ag-
onal or occasional gasping for normal breathing or falsely
identify the presence of a pulse. Sudden cardiac arrest may
also be misdiagnosed as a seizure because of the presence of
myoclonic activity after collapse. Thus, a high suspicion of
SCA must be maintained for any collapsed and unresponsive
athlete. Other potential factors affecting survival in young ath-
letes include the duration and intensity of exercise before ar-
rest, higher catecholamine levels produced during exercise, po-
tential for oxygen debt and ischemia from exercise, metabolic
and physiologic adaptations during exercise, and vascular
changes such as decreased systemic vascular resistance.

Key changes from the 2005 AHA guidelines for CPR and
ECC may positively affect survival in young athletes.4 The
new guidelines recommend that one attempted defibrillation
be followed by immediate CPR, beginning with chest com-
pressions.7 The initiation of immediate CPR after defibrillation
creates blood flow until the heart can generate adequate con-
tractions for perfusion. This is particularly important when de-
fibrillation is followed by pulseless electric activity or recur-
rent VF requiring multiple shocks. Of 9 cases reported in
collegiate athletes, pulseless electric activity followed defibril-
lation in 2 patients and multiple shocks were deployed in 4.46

Thus, incorporating changes in CPR protocol and assisting
perfusion in the early moments after defibrillation may have a



148 Volume 42 • Number 1 • March 2007

significant effect on survival by limiting interruptions in blood
flow and the need for repeat defibrillation.

EMERGENCY PREPAREDNESS

The ‘‘Chain of Survival’’

Public access to defibrillators and first-responder AED pro-
grams improve survival from SCA by increasing the likeli-
hood that SCA victims will receive bystander CPR and early
defibrillation. These programs require an organized and prac-
ticed response with rescuers trained and equipped to recognize
SCA, activate the EMS system, provide CPR, and use an
AED.36 The AHA describes 4 links in a ‘‘chain of survival’’
to emphasize the time-sensitive interventions for victims of
SCA19:

• Early recognition of the emergency and activation of the
EMS or local emergency response system: ‘‘phone 911’’

• Early bystander CPR: immediate CPR can double or triple
the victim’s chance of survival from VF SCA18,20

• Early delivery of a shock with a defibrillator: CPR plus de-
fibrillation within 3 to 5 minutes of collapse can produce
survival rates as high as 49% to 75%35,37–39,42,55

• Early advanced life support followed by postresuscitation
care delivered by health care providers

Establishing an Emergency Action Plan

Every institution or organization that sponsors athletic ac-
tivities should have a written EAP.6 The EAP should be spe-
cific to each athletic venue and encompass emergency com-
munication, personnel, equipment, and transportation. Core
elements to an effective EAP include the following: (1) estab-
lishing an efficient communication system, (2) training of like-
ly first responders in CPR and AED use, (3) acquiring the
necessary emergency equipment, (4) providing a coordinated
and practiced response plan, and (5) ensuring access to early
defibrillation (see Table for an EAP checklist). The plan should
identify the person and/or group responsible for documentation
of personnel training, equipment maintenance, actions taken
during the emergency, and evaluation of the emergency re-
sponse.6

The EAP should be developed by school or institutional
personnel in consultation with local EMS personnel, school
public safety officials, on-site first responders, and school ad-
ministrators. It is important to designate an EAP coordinator,
usually an athletic trainer, team physician, nurse, or sports ad-
ministrator. The EAP should be reviewed at least annually with
athletic trainers, team and consulting physicians, athletic train-
ing students, school and institutional safety personnel, admin-
istrators, and coaches.6 The EAP should be coordinated with
the local EMS agency and integrated into the local EMS sys-
tem. The local EMS agency is encouraged to conduct a ‘‘prein-
cident’’ survey to identify any problems or poorly accessible
areas for EMS personnel.5

The National Collegiate Athletic Association recommends
that all institution-sponsored collegiate practices or competi-
tions, as well as out-of-season practices and skills sessions,
have an EAP. These plans should include the presence of a
person qualified to deliver emergency care; planned access to
early defibrillation; and planned access, communication, and
transport to a medical facility.56

Access to Early Defibrillation

Access to early defibrillation is critical in the management
of SCA. In developing an EAP, several time-sensitive intervals
must be considered to increase the probability of a successful
resuscitation for an SCA victim: the time from collapse to
EMS activation, the time from collapse to initiation of CPR,
the time from collapse to delivery of the first shock, and the
time from collapse to arrival of EMS personnel at the victim’s
side. The EAP should target a collapse-to-EMS call time and
CPR initiation of less than 1 minute.5,19 A second target goal
of less than 3 to 5 minutes from time of collapse to first shock
is strongly recommended.

The AHA recommends implementation of an AED program
in any school that meets one of the following criteria: (1) the
frequency of cardiac arrest is such that there is a reasonable
probability of AED use within 5 years of rescuer training and
AED placement; (2) there are children attending school or
adults working at the school who are thought to be at high
risk for SCA (eg, children with congenital heart disease); or
(3) an EMS call-to-shock interval of less than 5 minutes can-
not be reliably achieved with a conventional EMS system, and
a collapse-to-shock interval of less than 5 minutes can be re-
liably achieved (in more than 90% of cases) by training and
equipping laypersons to function as first responders by rec-
ognizing SCA, activating the EMS system, starting CPR, and
using an AED.5,19

Schools and institutions sponsoring athletic programs must
determine if this target time interval of less than 5 minutes
from collapse to defibrillation can be reliably achieved with
the conventional EMS system or if an AED program is re-
quired to achieve early defibrillation. Studies suggest that, for
most EMS systems, the time interval between activating the
EMS and arrival of EMS personnel at the victim’s side is usu-
ally more than 5 minutes (mean � 6.1 minutes).57 In some
communities, the time interval from EMS call to EMS arrival
may be 7 to 8 minutes or longer.43,58 Thus, achieving early
defibrillation after SCA in athletes is largely dependent on the
prompt availability of AEDs for responders. In high school
and college athletic programs, coaches, officials, athletic train-
ers, and other sports medicine professionals are in a unique
position to act as first responders to SCA during organized
training and competition. Training in CPR and on-site AED
programs are likely to be the only means of achieving early
defibrillation and improving survival from SCA in athletes.

Emergency Communication

A rapid system for communication must be in place linking
all athletic facilities, practice fields, and other parts of the cam-
pus to the EMS system. When bystanders recognize an emer-
gency and activate the EMS system, they ensure that basic and
advanced life support providers are dispatched to the site of
the emergency. The time required for EMS response to each
sporting venue should be estimated, and a plan must be in
place to efficiently direct EMS personnel to the location.5 The
communication network can be developed through existing
telephones, cellular telephones, walkie-talkies, alarms, or an
intercom system that links a rescuer directly to the EMS or to
a central location responsible for contacting the EMS and ac-
tivating on-site responders. Establishing an accessible com-
munication system will prevent critical delays caused by a
rescuer running from a distant athletic facility or practice field
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Emergency Action Plan Checklist*
The following elements are recommended in the development of a comprehensive emergency action plan (EAP) for sudden cardiac
arrest (SCA) in athletics. Actual requirements and implementation may vary depending on the location, school, or institution.

I. Development of an Emergency Action Plan
□ Establish a written EAP for each individual athletic venue.
□ Coordinate the EAP with the local EMS agency, campus public safety officials, on-site first responders, administrators, athletic

trainers, school nurses, and team and consulting physicians.
□ Integrate the EAP into the local EMS response.
□ Determine the venue-specific access to early defibrillation (�3 to 5 minutes from collapse to first shock recommended).

II. Emergency Communication
□ Establish an efficient communication system to activate EMS at each athletic venue.
□ Establish a communication system to alert on-site responders to the emergency and its location.
□ Post the EAP at every venue and near telephones, including the role of the first responder, a listing of emergency numbers, and

street address and directions to guide the EMS personnel.

III. Emergency Personnel
□ Designate an EAP coordinator.
□ Identify who will be responsible and trained to respond to a SCA (likely first responders include athletic trainers, coaches, school

nurses, and team physicians).
□ Train targeted responders in CPR and AED use.
□ Determine who is responsible for personnel training and establish a means of documentation.
□ Identify the medical coordinator for on-site AED programs.

IV. Emergency Equipment
□ Use on-site or centrally located AED(s) if the collapse-to-shock time interval for conventional EMS is estimated to be �5 minutes.
□ Notify EMS dispatch centers and agencies of the specific type of AED and the exact location of the AED on school grounds.
□ Acquire pocket mask or barrier-shield device for rescue breathing.
□ Acquire AED supplies (scissors, razor, and towel), and consider an extra set of AED pads.
□ Consider bag-valve masks, oxygen delivery systems, oral and nasopharyngeal airways, and advanced airways (eg, endotracheal

tube, Combitube, or laryngeal mask airway).
□ Consider emergency cardiac medications (eg, aspirin, nitroglycerin).
□ Determine who is responsible for checking equipment readiness and how often and establish a means of documentation.

V. Emergency Transportation
□ Determine transportation route for ambulances to enter and exit each venue.
□ Facilitate access to SCA victim for arriving EMS personnel.
□ Consider on-site ambulance coverage for high-risk events.
□ Identify the receiving medical facility equipped in advanced cardiac care.
□ Ensure that medical coverage is still provided at the athletic event if on-site medical staff accompany the athlete to the hospital.

VI. Practice and Review of Emergency Action Plan
□ Rehearse the EAP at least annually with athletic trainers, athletic training students, team and consulting physicians, school

nurses, coaches, campus public safety officials, and other targeted responders.
□ Consider mock SCA scenarios.
□ Establish an evaluation system for the EAP rehearsal, and modify the EAP if needed.

VII. Postevent Catastrophic Incident Guidelines
□ Establish a contact list of individuals to be notified in case of a catastrophic event.
□ Determine the procedures for release of information, aftercare services, and the postevent evaluation process.
□ Identify local crisis services and counselors.
□ Consider pre-established incident report forms to be completed by all responders and the method for system improvement.

*EMS indicates emergency medical services; CPR, cardiopulmonary resuscitation; and AED, automated external defibrillator.
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to activate the EMS system. The communications system
should be checked before each practice or competition to en-
sure proper working order, and a back-up communication plan
should be in effect in case the primary communication system
fails.

The EAP should be posted at every sporting venue and near
appropriate telephones, with the role of the first responder
clearly demarcated. A listing of emergency numbers should be
available, as well as the street address of the venue and specific
directions (eg, cross streets, landmarks) to guide EMS person-
nel. When activating the EMS system (calling 911), the caller
should alert the EMS to the number and condition of persons
injured, if an SCA is suspected, and the first aid treatment
rendered. Involving representatives of the EMS system in the
initial communications planning before any incidents will im-
prove the onsite transfer of care once EMS personnel arrive
on the scene.

Emergency Personnel

The first person to respond to a medical emergency on the
field of play will vary widely and may be a coach, official,
student, teammate, teacher, school nurse, athletic trainer, phy-
sician, or emergency medical technician. All potential rescuers
should be familiar and, ideally, trained with the EAP to ensure
an effective and coordinated response to an emergency situa-
tion. Each institution or organization with a formal athletic
program needs to identify who will be responsible and trained
to respond to an SCA. The National Collegiate Athletic As-
sociation recommends that all athletics personnel associated
with practices, competitions, skills instruction, and strength
and conditioning be certified in CPR, first aid, and the pre-
vention of disease transmision.56 For secondary schools, the
AHA recommends training of the school nurse and physician,
athletic trainer, and several faculty members in the provision
of first aid and CPR and that a sufficient number of faculty,
staff, and/or students be trained to ensure that a trained rescuer
can respond to an SCA within 90 seconds.5 Because an athletic
trainer, physician, or school nurse is not universally present at
all extracurricular sporting activities, coaches for every team
should receive certified training in CPR and AED use to en-
sure the presence of a trained rescuer.

Emergency Equipment

All necessary emergency equipment should be at the site or
quickly accessible, and personnel must be trained in advance
to use it properly. Resuscitation equipment should be placed
in a central location that is highly visible and near a telephone
or other means of activating the EMS system. All school staff
should be instructed on the location of emergency equipment.
For large schools or those with distant or multiple athletic
facilities, duplicate equipment may be needed. Emergency
equipment should not be placed in a locked box, cabinet, or
room, which could delay emergency care. Mounted cabinets
with audible alarms that sound when the cabinet door is
opened may decrease the theft or vandalism risk.5

Basic resuscitation equipment for management of SCA
should include a pocket mask or barrier-shield device for res-
cue breathing, an AED for early defibrillation, and AED ap-
plication supplies (heavy-duty scissors to remove clothing and
expose the chest, a towel to dry the chest, and a razor to shave
chest hair). Aluminum chlorhydrate (antiperspirant) spray may

help the AED leads stick to sweaty skin, and an extra set of
AED pads should be considered in case of misapplication or
inadvertent damage.

For high schools and colleges that have physicians and
ACLS-certified responders on-site, the acquisition of advanced
resuscitation equipment for the management of SCA should
be considered based on the skills of the designated responders.
Advanced resuscitation equipment may include bag-valve
masks, oxygen delivery systems, oral and nasopharyngeal air-
ways, advanced airways (eg, endotracheal tube, Combitube
[Tyco Healthcare Nellcor, Pleasanton, CA], or laryngeal mask
airway), and emergency cardiac medications. The ACLS-cer-
tified personnel should have nitroglycerin and aspirin available
on-site to use for chest pain without cardiac arrest. The equip-
ment and medications should be assembled in a code bag and
stored in an easily accessible central location or at each athletic
venue.

If an AED program is implemented, it should be part of the
written EAP. The EMS centers should be notified of the spe-
cific type of AED and the exact location of the AED on school
grounds. If a rescuer is unfamiliar with the school or where
an AED is located, he or she can receive instructions from the
EMS dispatcher to find and use the AED.5 All AED programs
should include medical or health care provider oversight, ap-
propriate training of anticipated rescuers in CPR and AED use,
coordination with the EMS system, appropriate device main-
tenance, and an ongoing quality improvement program.5

If possible, emergency information about the student-ath-
letes, including relevant medical history and contact infor-
mation, should be accessible to medical personnel at home
sporting events and while traveling in case of an emergency.

Emergency Transportation

The EAP should delineate the life support transportation an
athlete with SCA will access. In life-threatening emergencies,
an athlete should be transported by the EMS personnel to the
most appropriate receiving facility that is staffed and equipped
to deliver optimal emergency care. Emphasis should be placed
on having an ambulance on-site at high-risk events. The EMS
response time should be factored in when determining on-site
ambulance coverage. Consideration should be given to the lev-
el of transportation service available (eg, basic life support,
advanced life support) and the equipment and training level of
the personnel who staff the ambulance.6 If an ambulance is
on-site, a location should be designated that allows rapid ac-
cess to enter and exit the venue. A dedicated staff person
should be assigned to each event and be familiar with the
directions and access points for arriving EMS personnel to
specific athletic facilities on campus. Each site should post
written directions to read to the EMS response dispatcher. If
air-medical transport may be needed, the global positioning
satellite coordinates should also be listed.

Practice and Review of the Emergency Action Plan

The EAP should be reviewed and practiced at least annually
with athletic trainers, team and consulting physicians, athletic
training students, school and institutional safety personnel, ad-
ministrators, coaches, and other designated first responders.6

More frequent practice sessions will improve the effectiveness,
efficiency, and organization of the response team, and any
modifications to the EAP based on practice trials should be
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documented.59 A mock SCA scenario can be organized using
actors or manikins to simulate SCA victims. Evaluation of
each emergency response rehearsal should document the time
from collapse to EMS activation, the time from collapse to
initiation of CPR, the time from collapse to delivery of first
shock if an AED is available, and the time from collapse to
arrival of EMS personnel at the victim’s side.5

Postevent Catastrophic Incident Guidelines

The EAP should include a postevent plan outlining the pro-
cedures for release of information; aftercare services for re-
sponders, teammates, coaches, and families; and the postevent
evaluation process. A list of administrative and legal personnel
from the school or institution to be contacted after a cata-
strophic event should be readily accessible in the EAP, and the
methods for data collection, reporting, and incident assessment
and review should be defined in the plan. Local crisis services
and counselors to assist students, teammates, families, and res-
cuers after a catastrophic event should be defined and avail-
able. The postevent evaluation process is critical both to doc-
ument the details of the event and to allow system
improvement. Pre-established incident report forms to be com-
pleted by all responders should be considered to facilitate a
summary report with recommendations for site management
and modifications to the existing EAP if needed. Feedback,
particularly of a positive nature, should also be provided to
responders.

Emergency Preparedness: Where Are We Now?

Studies demonstrating that AEDs placed at public locations
can substantially improve survival from SCA have accelerated
a growing national trend to broadly implement AED programs
at public sporting venues and selected athletic facilities. In
2003, 91% of National Collegiate Athletic Association Divi-
sion I institutions already had AEDs, with a median of 4
(range � 1 to 30) at each of these institutions.11 The most
common location for the AEDs was the athletic training room
(82%), followed by the basketball arena (43%), campus police
station (40%), football stadium (27%), baseball or softball
field (21%), and recreation or fitness facility (21%).11 A range
of 25% to 54% of high schools had at least one AED on school
grounds.44,60,61 Common locations for AEDs in high schools
include the school athletic training room, basketball facility or
gymnasium, nurse’s office, and main lobby.61,62

In the university setting, resources to purchase AEDs have
largely come from the athletic department budget. In contrast,
financial resources at high schools are more limited, and AED
acquisition has been primarily funded through donations. In
Washington State, 60% of high schools with AEDs acquired
them through donated funds, and only 38% were purchased
by the school, school district, or athletic department.61 In the
greater Boston area, after a single AED was donated to 35
schools, 25 schools purchased additional AEDs using a com-
bination of donated funds (21), grants (11), and school budget
funds (8).62

School nurses, athletic trainers, teachers, and coaches may
be called on to provide emergency care during school hours
and extracurricular sporting activities. However, emergency
training for many of these potential first responders varies
widely. A survey of school nurses in New Mexico documented
that few school nurses and staff had any emergency training.63

In 3 midwestern states, one third of teachers surveyed had no
first aid training, and 40% had never completed a course in
CPR.64 In Washington State high schools with AEDs, 78% of
coaches, 72% of administrators, 70% of school nurses, and
48% of teachers received formal AED training.61

Although more schools are placing AEDs on campus
grounds, significant deficiencies in emergency planning and
coordination still exist. In Washington State, only 25% of high
schools coordinated the implementation of AEDs with any
outside medical agency, and only 6% of schools coordinated
with the local EMS system.61 In contrast, studies involving
AED implementation as part of a more comprehensive emer-
gency plan have demonstrated more success. In the greater
Boston area, 35 high schools were given a single donated AED
and educated to develop a training protocol for appropriate
staff and to assess the need for purchase of additional AEDs.62

In this study, 90% of schools trained their faculty, 76% trained
their staff and custodial workers, 71% trained their athletic
trainers, and 48% trained some or all of their student body in
AED use.62 Over a 2-year study period, an AED was suc-
cessfully used twice for SCA in a football referee and a teach-
er. Every school participating in the study considered partici-
pation in the AED program to be worthwhile.62 Similarly, in
Wisconsin, Project ADAM has assisted 143 of 400 public high
schools in implementing an AED program as part of a com-
prehensive EAP. The goals of Project ADAM include educat-
ing faculty, staff, parents, students, and health care profession-
als about SCA in children and adolescents and advocating for
teaching CPR with AED instruction to all high school students
before graduation.51

Legislation to require AEDs in schools is also growing but
is not uniformly funded. New York and Illinois have already
passed legislative mandates for AEDs in public schools, and
California, Delaware, Florida, Georgia, Maine, Massachusetts,
New Jersey, Nevada, Pennsylvania, Rhode Island, and Virginia
have pending legislation.65 However, unfunded mandates to
establish AED programs in schools often lack the necessary
emergency planning, coordination, and training that are essen-
tial to a successful program.

Obstacles to Implementing Automated External
Defibrillators

Although the prevalence of AEDs in schools and at public
athletic venues is increasing, budgetary constraints remain an
obstacle to initiating public access defibrillation programs.
Policymakers must determine which sites warrant an AED and
which must go without. Although uncertainty on where to
place the AED (57%) and medical-legal concerns (48%) were
also reported as common obstacles, National Collegiate Ath-
letic Association Division I head athletic trainers at institutions
without AEDs cited financial resources (70%) as the primary
obstacle to acquiring AEDs.11 In the high school setting, fi-
nancial resources are the critical barrier to implementing an
AED program. In Washington State, 65% of high schools
without AEDs identified monetary resources as the main ob-
stacle to acquiring AEDs.61 In the greater Boston area, 93%
of schools given a single AED reported lack of funding as the
reason for not purchasing additional AEDs.62

The task force recognizes that budgets for many schools are
already challenged, and more research is needed to explore the
development of funding programs to assist schools with lim-
ited resources. Until the cost of AEDs further declines or gov-
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ernment funding is allocated toward emergency preparedness
in schools, administrators and those responsible for emergency
planning must work within their school districts to elicit fi-
nancial support from the local community, parenting and fund-
raising groups, and applicable state and federal grants to fund
AED programs. However, the goal is not just to acquire the
AED but to do so as part of a comprehensive educational and
emergency action plan. As demonstrated by Project ADAM
and the greater Boston area program, donations can fund both
the equipment and educational materials for school adminis-
trators and lead to the development of a successful program
in participating schools.51,62

The current cost (in 2006) of purchasing a single AED is
approximately $1500, and in many communities, local EMS
personnel will provide emergency planning consultation at no
cost. The additional cost of CPR and AED training for targeted
responders must also be considered. However, with the com-
mitment and dedication of school administrators, parents, local
businesses, and health care leaders, implementation of an AED
program in schools is an obtainable goal.

MANAGEMENT OF SUDDEN CARDIAC ARREST

2005 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care

In December 2005, the AHA released updated guidelines on
CPR and ECC.4 The guidelines are based on the evidence
evaluation from the 2005 International Consensus Conference
on Cardiopulmonary Resuscitation and Emergency Cardiovas-
cular Care Science With Treatment Recommendations.66 The
AHA adult CPR guidelines apply to any child older than 8
years.67 Thus, for the purposes of this statement, the protocols
discussed are intended for youth and adult athletes greater than
8 years old. The most significant change in these guidelines is
a stronger emphasis on chest compressions, increasing the
number of chest compressions per minute and reducing the
interruptions in chest compressions during CPR. Key changes
to the guidelines are listed in the following:

• Elimination of lay rescuer assessment of circulation
• Recommendation of a universal compression-to-ventilation

ratio of 30:2 for single rescuers and for all SCA victims in
this age group

• Chest compressions (‘‘push hard, push fast’’) should be at a
rate of 100 compressions per minute, allowing complete
chest recoil and minimizing interruptions in chest compres-
sions

• CPR should resume immediately after initial shock delivery,
beginning with chest compressions

• Rescuers should not check the rhythm or pulse after shock
delivery until 5 cycles (or about 2 minutes) of CPR have
been performed

• Recommendations that EMS providers consider 5 cycles (or
about 2 minutes) of CPR before defibrillation for unwit-
nessed arrest, particularly if the suspected time from collapse
to arrival at the scene is more than 4 to 5 minutes

The new recommendations call for only one shock, fol-
lowed immediately by chest compressions, and represent a ma-
jor change from traditional treatment protocols involving a se-
quence of 3 stacked shocks in the treatment of VF and rapid
VT. This change is based on the high success rate of a single

defibrillation, with first-shock efficacy for VF by current bi-
phasic defibrillators reportedly higher than 90%.8 In addition,
if the first shock fails, CPR may improve oxygen and substrate
delivery to the myocardium, making subsequent shocks more
likely to be successful. Interruptions in chest compressions for
rhythm analysis are associated with lower survival rates and
a decreased probability of conversion of VF to another
rhythm.68,69

Rhythm analysis for a 3-shock sequence in older AEDs re-
sults in delays up to 37 seconds between delivery of the first
shock and delivery of the first postshock chest compression.70

The new AHA guidelines necessitate reprogramming of all
previously purchased AEDs, as they are programmed with old-
er ‘‘stacked shocks’’ protocols. Institutions that have AEDs
with older protocols should contact their vendors to reprogram
the AED. If possible, AED units should also comply with the
new AHA recommendations for first shock energy levels, ei-
ther 360 J for monophasic waveforms or the individual man-
ufacturer’s recommendations for biphasic waveforms.8

The Collapsed Athlete

Fortunately, most athletes who collapse during or after ex-
ercise will not be in SCA. The differential diagnosis of non-
traumatic exercise-related syncope includes but is not limited
to SCA, exertional heat stroke, heat exhaustion, hyponatremia,
hypoglycemia, exercise-associated collapse, neurocardiogenic
syncope, seizures, pulmonary embolus, cardiac arrhythmias,
valvular disorders, coronary artery disease, cardiomyopathies,
ion channel disorders, and other structural cardiac diseases. A
collapsed athlete who is also unresponsive should be treated
as a potential cardiac arrest until either spontaneous breathing
and a pulse are documented or the cardiac rhythm is analyzed.
If SCA is ruled out but the athlete remains unresponsive, fur-
ther immediate evaluation to determine the cause of collapse
is needed, as other emergent medical interventions may still
be required.

Exercise-related syncope involves a transient loss of con-
sciousness and postural tone during or immediately after ex-
ercise. Exercise-associated collapse describes athletes who are
unable to stand or walk unaided as a result of lightheadedness,
dizziness, or syncope immediately after exercise.71 Exertional
syncope without SCA in young adults is usually benign but
always requires investigation because it can be an indication
of a more serious cardiac disorder and the only symptom that
precedes SCD.3,13 Syncope that occurs during exercise tends
to be more ominous than syncope occurring after exercise.72

Young and otherwise healthy adults who collapse while ex-
ercising have a greater probability of an organic cardiac ab-
normality, such as hypertrophic cardiomyopathy or anomalous
coronary artery origin, than do athletes with postexertional or
nonexertional syncope.3,13 The investigation of exercise-relat-
ed syncope should specifically exclude known pathologic di-
agnoses before a complete return to activity is permitted.

Recognition of Sudden Cardiac Arrest

Prompt identification of SCA is critical in the management
of this life-threatening emergency. Any collapsed athlete who
is unresponsive requires an immediate assessment for SCA.
Although SCA is relatively uncommon in the athletic setting,
on-site responders must maintain a high index of suspicion, as
unrecognized SCA in a collapsed athlete causes critical delays
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in CPR and defibrillation. Resuscitation is often delayed be-
cause the victim is reported to have signs of life.73 Sudden
cardiac arrest can be misdiagnosed as a seizure in the form of
involuntary myoclonic jerks; seizure-like activity is present in
approximately 20% of patients with cardiogenic collapse.74

Seizure-like activity has also been reported in 3 of 10 athletes
with SCA.75 To avoid life-threatening delays in resuscitation,
brief seizure-like activity should be assumed to be due to SCA
and initial management steps for SCA taken immediately until
a noncardiac cause of the collapse is clearly determined.

Other barriers to recognizing SCA in athletes include in-
accurate rescuer assessment of pulse or respirations. Occa-
sional or agonal gasping can occur in the first minutes after
SCA and is often misinterpreted as normal breathing, espe-
cially by lay responders.76 Occasional gasping does not rep-
resent adequate breathing and, if present, should not prevent
rescuers from initiating CPR. Assessment of signs of circula-
tion and the presence of a pulse by lay rescuers and health
care professionals can also be inaccurate. Lay rescuers fail to
recognize the absence of a pulse in 10% of pulseless victims
and fail to detect a pulse in 40% of victims with a pulse.7,77

The updated AHA CPR guidelines eliminate lay rescuer as-
sessment of pulse and recommend that cardiac arrest be as-
sumed if the unresponsive victim does not demonstrate normal
breathing.4 Health care providers may also have difficulty ac-
curately determining if a pulse is present or take too long in
their assessment. Health care providers should take no longer
than 10 seconds to check for a pulse and should proceed with
chest compressions if a pulse is not definitively detected.7

Sports medicine professionals and other potential first respond-
ers to an SCA in athletes must understand these potential ob-
stacles to recognizing SCA, as inaccurate initial assessment of
SCA results in critical delays or even failure to activate the
EMS system, initiate CPR, and provide early defibrillation.

Management of Sudden Cardiac Arrest: Witnessed
Collapse

Sudden cardiac arrest in the athletic setting is likely to be
witnessed by a bystander, coach, official, teammate, or athletic
trainer. When more than one person is present at the scene,
several management steps can be taken simultaneously (Fig-
ure). Management of a collapsed athlete begins with an initial
assessment of responsiveness. The rescuer should check the
victim for a response by tapping the victim on the shoulder
and asking, ‘‘Are you all right?’’7 If the athlete is unrespon-
sive, one or more trained rescuers should begin CPR while
another bystander activates the EMS system by calling 911 or
the local emergency number and retrieves the AED if avail-
able. When contacting the EMS system, the rescuer should be
prepared to provide the exact location of the emergency and
a brief account of what happened and the initial care given.
In the case of a lone rescuer and a witnessed arrest, the rescuer
should first activate the EMS system by calling 911 or the
local emergency number, obtain an AED if readily available,
and return to the victim to initiate CPR and AED use. If an
on-site response system is activated, the central communica-
tion center is responsible for contacting the EMS and activat-
ing on-site responders to facilitate transport of an AED to the
victim.

An AED should be applied to the victim as soon as possible
and turned on for rhythm analysis and defibrillation if indi-
cated. If an AED is not immediately available, the rescuer

should open the airway by using the head tilt–chin lift ma-
neuver and then ‘‘look, listen, and feel’’ for breathing. If a
cervical spine injury is suspected, the modified jaw thrust ma-
neuver is recommended to open the airway. The presence of
normal breathing should distinguish the victim who has col-
lapsed but does not require CPR. Agonal or occasional gasping
should not be mistaken for normal breathing and should be
recognized as a sign of SCA.67 If a collapsed athlete is deter-
mined not to be in SCA and does not become normally re-
sponsive, the athlete should be continually reassessed for signs
of, or progression to, SCA. The athlete may require other med-
ical interventions depending on the specific cause of collapse.

If normal breathing is not detected within 10 seconds, 2
rescue breaths should be given, followed by chest compres-
sions.7 Lay rescuers (coaches, officials, and other bystanders)
should not assess the athlete for a pulse or signs of circulation.
Health care providers (athletic trainers, school nurses, emer-
gency medical technicians, and physicians) should deliver 2
rescue breaths and may consider checking for a pulse. If the
health care provider does not definitively feel a pulse within
10 seconds, CPR should be initiated. Rescue breaths are pro-
vided by pinching the victim’s nose, creating an airtight
mouth-to-mouth seal, and giving one breath over 1 second that
produces a visible chest rise. If the victim’s chest does not rise
with the first rescue breath, the head tilt–chin lift maneuver
should be repeated before the second breath in an attempt to
open the airway. If the rescuer is unable or unwilling to give
rescue breaths, then chest compressions should be initiated.

Effective chest compressions in adults are performed by
compressing the lower half of the sternum, using the heels of
the hands, and should depress the chest a depth of 3.8 to 5.1
cm; complete chest recoil permits venous return between com-
pressions. Rescuers should ‘‘push hard and push fast.’’67 The
CPR should be performed using the universal compression-to-
ventilation ratio of 30:2 at a rate of 100 compressions per
minute. When multiple rescuers are present, they should rotate
the compressor role about every 2 minutes or earlier if fatigue
develops.

An AED or a manual defibrillator should be applied for
rhythm analysis as soon as it arrives. All interruptions in chest
compressions for analyzing the rhythm or delivering a shock
should be minimized. With 2 or more rescuers, CPR can be
continued while attaching the AED leads. Defibrillation is
more likely to be successful with a shorter time between chest
compressions and delivery of a shock.78,79 If VF or rapid VT
is detected, the AED will instruct the rescuer to deploy a
shock. The rescuer should deliver 1 shock and then immedi-
ately resume CPR, beginning with chest compressions. When
2 rescuers are present, the rescuer operating the AED should
be prepared to deliver a shock as soon as the compressor re-
moves his or her hands from the chest and all rescuers are
clear of contact with the victim. The rescuer should not delay
resuming chest compressions to allow for repeat rhythm anal-
ysis, and CPR should be continued for 5 cycles or about 2
minutes before rechecking the rhythm or until the victim be-
comes responsive. If no shock is advised after rhythm analysis,
CPR should be immediately resumed and continued for 5 cy-
cles before rechecking the rhythm or until advanced life sup-
port measures are available.

Some advanced airway devices such as an endotracheal
tube, esophageal-tracheal Combitube, or laryngeal mask air-
way can be used by health care professionals with sufficient
training and experience. Once an advanced airway is in place,
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pauses or interruptions in chest compressions for ventilation
are no longer necessary. Rescuers should deliver 100 com-
pressions per minute and 8 to 10 breaths per minute continu-
ously.67 If available, bag-mask ventilation can also be per-
formed by health care providers with the use of supplementary
oxygen at a minimum flow rate of 10 to 12 L/min.7

Management of Sudden Cardiac Arrest:
Unwitnessed Collapse

If an athlete is found collapsed and unresponsive and the
time lapse from onset of SCA is unknown, rescuers may con-
sider 5 cycles or 2 minutes of CPR before checking the rhythm
and attempting defibrillation.7,8 After a prolonged cardiac ar-
rest, a brief period of CPR can deliver oxygen and energy
substrates, perhaps increasing the likelihood that a perfusing
rhythm will return if defibrillation is possible.

SPECIAL CIRCUMSTANCES

Cervical Spine Injury

Any athlete suspected of having a cervical spine injury
should not be moved, and the cervical spine should be im-
mobilized. Unconscious athletes in collision sports are pre-
sumed to have unstable spine injuries until proved otherwise.
High cervical spine injuries can cause apnea, ineffective
breathing patterns, and paralysis of the phrenic nerve. Al-
though rare, prolonged hypoxemia can lead to cardiac arrest.
Protective equipment used in collision sports such as football
and hockey makes the management of SCA in a spine-injured
athlete difficult. The facemask should be removed (leaving the
helmet in place) as soon as possible before transportation, re-
gardless of respiratory status and even if the athlete is con-
scious.80 Shoulder pads should also be opened (but not re-
moved) before transportation to provide access to the chest if
CPR or defibrillation is required. A designated rescuer must
be responsible for manually stabilizing the head and neck dur-
ing CPR and any transfer of the victim. The rescuer respon-
sible for neck stabilization should disengage if defibrillation is
necessary. For more information on the care of the spine-in-
jured athlete, refer to ‘‘Prehospital Care of the Spine-Injured
Athlete,’’ available at http://www.nata.org/statements/consensus/
NATAPreHospital.pdf.81

Commotio Cordis

Commotio cordis, also called cardiac concussion, involves
a blunt, nonpenetrating blow to the chest during a vulnerable
phase of ventricular repolarization, leading to a ventricular ar-
rhythmia with no structural damage or cardiac contusion pres-
ent. Commotio cordis occurs most commonly in young male
adolescents (mean age � 13.6 years) with compliant chest
walls.47 Approximately 80% of cases involve blunt chest im-
pact by a firm projectile, such as a baseball, softball, hockey
puck, or lacrosse ball, and 20% of cases are due to chest con-
tact with another person.47 To date, commercially available
chest protectors have not been shown to prevent commotio
cordis.82 Survival after commotio cordis closely depends on
the time to defibrillation.54 Overall survival as reported from
the United States Commotio Cordis Registry was only 16%,
but for those victims still in VF who were reached in time to
receive defibrillation, the survival rate was 46%.47 Young ath-

letes who collapse shortly after being struck in the chest
should be suspected of having commotio cordis until the ath-
lete is clearly responsive. Rescuers can improve survival by
promptly recognizing SCA due to commotio cordis, activating
the EMS system, immediately initiating CPR, and using an
AED as soon as possible.

Exertional Heat Stroke

Heat stroke is a life-threatening emergency, and treatment
of concurrent cardiac arrest requires simultaneously cooling
the athlete and performing CPR. The presence of exertional
heat stroke in a collapsed athlete must be suspected in hot,
humid environments, especially if the athlete is wearing ath-
letic clothing and equipment that limits heat loss, and the EMS
system must be activated. Both heat exhaustion and heat stroke
can cause syncope in the athlete. Heat stroke is differentiated
by the presence of mental status changes and a core temper-
ature of greater than 40�C (104�F). Untreated exertional heat
stroke can progress to end-organ damage, adult respiratory dis-
tress syndrome, disseminated intravascular coagulation, neu-
rologic injury, cardiac arrest, and death. The diagnosis of heat
stroke can be confirmed on-site with a rectal temperature mea-
surement. If the athlete is unresponsive but has normal breath-
ing and circulation, rapid cooling by ice water bath immersion
is recommended.83 If an ice water tub is not available or if
concurrent SCA is suspected, rotating ice water towels applied
to the head, trunk, and extremities and ice packs applied to
the neck, axilla, and groin represent an alternative method for
cooling while performing CPR and using an AED. Because
prompt temperature reduction is critical, transport to the emer-
gency department for heat stroke victims without SCA should
be delayed if sideline cooling measures, such as ice water bath
immersion, are available.83 Cooling should also be continued
during transport if needed.

Lightning

Lightning presents an environmental hazard with the poten-
tial for multiple victims. If the lightning storm is ongoing,
rescuers must ensure their personal safety by moving an SCA
victim indoors if possible. Spine immobilization should be
considered. Cardiac arrest from lightning strike is associated
with significant mortality and requires modification of standard
ACLS measures to achieve successful resuscitation. Most
lightning strike victims have associated multisystem involve-
ment, including neurologic complications, cutaneous burns,
soft tissue injury such as rhabdomyolysis, and associated blunt
trauma.84 When managing several lightning strike victims, the
normal multiple casualty triage priorities are reversed. Casu-
alties who appear unresponsive require prompt, aggressive re-
suscitation using standard CPR and ACLS protocols, including
defibrillation and cardiac pharmacotherapy.84 The chance for
a successful outcome is greater for lightning-related cardiac
arrest, even with initial rhythms that are traditionally unre-
sponsive to therapy.

Mass Events

Emergency preparation and management of SCA at mass
athletic events require additional planning. Schools and insti-
tutions may have their own athletic staffs with them, and ad-
vanced communication with the host organization is helpful to
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ensure that visiting athletic staffs are familiar with the EAP
and central medical area or equipment. Distance events such
as cross-country meets, triathlons, and marathons present an
additional challenge because running or biking courses are of-
ten spread out over long distances, sometimes in remote areas.
Among marathoners, SCA occurs in approximately 1 in 40 000
runners across the age spectrum.85 Distributing medical staff
and AEDs along the course or field of play and using bicycle
or ‘‘golf-cart’’ rescue teams will improve response times
should an emergency arise.

Rainy, Wet, Ice, and Metal Surfaces

Defibrillators used in a wet environment or on an ice play-
ing surface are considered safe and do not pose a shock hazard
for rescuers or bystanders. If a collapsed victim with suspected
SCA is lying on a wet surface or in a puddle, the patient
should not be moved to avoid delays in initiating CPR. Sim-
ulation of a patient and a rescuer in a wet environment does
not show a significant risk of electric shock.86 Responders to
an SCA on an ice playing surface should consider foot traction
devices and helmets for their own safety.87,88 In contrast, SCA
victims found immersed in a pool or contained body of water
should be removed from the water before defibrillation. Any
SCA victims lying on metal conducting surfaces (eg, bleach-
ers) should be moved to a nonmetal surfaces or placed onto
spine boards before defibrillation if that can be done quickly
and without significant delays.

CONCLUSIONS

The most important factor in SCA survival is the presence
of a trained rescuer who can initiate CPR and has access to
early defibrillation. The athletic community is in a unique po-
sition to have trained coaches, officials, and other targeted re-
sponders, and, in some circumstances, on-site athletic trainers,
school nurses, and team physicians respond immediately to
SCA at organized athletic events and practices. Comprehen-
sive emergency planning is needed for high school and college
athletic programs to ensure an efficient and structured response
to SCA. Essential elements to an EAP include establishing an
effective communication system, training of anticipated re-
sponders in CPR and AED use, access to an AED for early
defibrillation, acquisition of necessary emergency equipment,
coordination and integration of on-site responder and AED
programs with the local EMS system, and practice and review
of the response plan. High suspicion of SCA should be main-
tained in any collapsed and unresponsive athlete, with appli-
cation of an AED as soon as possible for rhythm analysis and
defibrillation if indicated. Interruptions in chest compressions
for rhythm analysis and shock delivery should be minimized,
and rescuers should be prepared to resume CPR, beginning
with chest compressions, as soon as a shock is delivered. Im-
proved education in the recognition of SCA, enhanced emer-
gency preparedness, training in current CPR protocols, and
increased access to AEDs for early defibrillation are needed
to improve survival from SCA in athletics.

DISCLAIMER

The National Athletic Trainers’ Association and the Inter-
Association Task Force advise individuals, schools, and insti-
tutions to carefully and independently consider each of the

recommendations. The information contained in the statement
is neither exhaustive nor exclusive to all circumstances or in-
dividuals. Variables such as institutional human resource
guidelines, state or federal statutes, rules, or regulations, as
well as regional environmental conditions, may impact the rel-
evance and implementation of these recommendations. The
NATA and the Inter-Association Task Force advise their mem-
bers and others to carefully and independently consider each
of the recommendations (including the applicability of same
to any particular circumstance or individual). The foregoing
statement should not be relied on as an independent basis for
care but rather as a resource available to NATA members or
others. Moreover, no opinion is expressed herein regarding the
quality of care that adheres to or differs from any of NATA’s
position statements. The NATA and the Inter-Association Task
Force reserve the right to rescind or modify their statements
at any time.
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