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Abstract Out-of-hospital cardiac arrest (OHCA) is an

unusual but devastating occurrence in a young person.

Years of life-lost are substantial and long-term health care

costs of survivors can be high. However, there have been

noteworthy improvements in cardiopulmonary resuscita-

tion (CPR) standards, out-of hospital care, and postcardiac

arrest therapies that have resulted in a several-fold

improvement in resuscitation outcomes. Recent interest

and research in resuscitation of children has the promise of

generating improvements in the outcomes of these patients.

Integrated and coordinated care in the out-of-hospital and

hospital settings are required. This article will review the

epidemiology of OHCA, the 2010 CPR guidelines, and

developments in public access defibrillation for children.

Keywords Cardiopulmonary resuscitation � Cardiac
arrest � Outcomes

Out of hospital cardiac arrest is an unusual occurrence in a

young person. Despite three decades of CPR guidelines

directed toward this population, outcomes remain dismal,

with typically 3–10% survival, often with poor neurologic

outcomes. The economic costs are exceedingly high,

related to long-term health care costs and loss of future

productivity of the victim. Some have proposed that

resuscitation of these patients is futile [82]. However, along

with the upsurge in interest in studying and improving

outcomes in adults, comparable attention is now directed at

OHCA in children and adolescents. These studies indicate

that we can improve survival and neurologic outcomes

with coordinated out-of-hospital resuscitation and postar-

rest therapies.

Pediatric cardiologists were the original organizers of

the first pediatric CPR guidelines, recognizing that children

were not small adults and needed a distinct approach with

differing therapies [20]. Over the years, as the specialties of

emergency medicine and critical care have evolved, pedi-

atric cardiologists have played a smaller role in CPR

research and teaching. However, as awareness of sudden

cardiac death has risen in both the lay and medical popu-

lations, effective acute and long-term treatments have

expanded and pediatric cardiologists, and especially pedi-

atric electrophysiologists, have a renewed interest in all

aspects of care of this population.

This article will describe the current understanding of

the epidemiology of OHCA and discuss the scientific evi-

dence supporting the updated CPR guidelines. Emphasis

will be placed on out-of-hospital response and immediate

intensive care.

Epidemiology and Outcomes of OHCA in Children

and Adolescents

Recently, several large population-based studies have

characterized the epidemiology of cardiac arrest in
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children and adolescents [6, 25, 46]. Over a broad time

interval [25] and diverse populations, [6, 24, 25, 46], the

results are strikingly similar. Overall, the population-

based incidence of cardiac arrest in patients\18 years of

age is 8/100,000 person-years. This contrasts with the

adult incidence of 50–55/100,000 person-years [64, 71].

However, there are marked differences when the fre-

quency and incidence are stratified by age group

(Table 1). In most studies, infants \1 year of age com-

prise 30–50% of all patients [6, 25, 46, 82, 86] The

population-based incidence in infants\1 year of age is an

order of magnitude higher compared to children (1 to

\12 years) or adolescents (12–19 years). Undoubtedly,

SIDS accounts for this marked discrepancy, a group that

is never included in analyses of adult incidence. Incidence

in children and adolescents is 4 and 6/100,000 person-

years. Survival has ranged from 2 to 12% [6, 24, 25, 46,

55, 82, 86] and infants have by far the greatest mortality

(Table 1). Most interesting is that children and adoles-

cents have comparable or higher survival than adults.

Indeed, within the Resuscitation Outcomes Consortium

(ROC), children and adolescents had an odds ratio (OR)

for survival of 2 compared to adults [6]. Additionally,

infants are more likely to undergo resuscitation attempts

despite definitive evidence of death Thus, studies that

group all age groups together artifactually lower survival

outcomes. Survival figures for children are not good but

do not warrant an attitude of complete futility.

Additional data are available to further stratify the epi-

demiology of out-of-hospital cardiac arrest (OHCA). The

majority of cardiac arrests occur in a nonpublic location,

usually defined as residence. In the ROC study, 22% of

OHCA in the adolescent population occurred in public,

indicating that the majority still occurred in the home

(Table 1). Etiologies are more commonly noncardiac or

respiratory. First recorded rhythms are typically asystole/

pulseless electrical activity. Although ventricular fibrilla-

tion (VF) is an uncommon rhythm, it increases with age.

Analysis of initial rhythm is potentially compounded in

pediatric arrest, as rhythms might not be assessed as

quickly. Despite this, VF does occur in all age groups and

should no longer be considered ‘‘rare.’’

Predictors of Outcome

Neurologic outcomes are more difficult to assess, but

studies indicate that they can be good in long-term survi-

vors at 1 month or 1 year [56]. Many of the epidemiologic

studies have demonstrated several factors that predict

outcome, often defined as hospital discharge. Witnessed

arrest, followed by immediate bystander cardiopulmonary

resuscitation (CPR) predicts both return of spontaneous

circulation (ROSC) and intact neurologic outcome [25, 36,

37, 46, 49, 54–56, 73]. Unfortunately, only approximately

15–40% of pediatric patients receive bystander CPR [6, 25,

46]. Emergency medical system (EMS) treatment improves

survival and outcomes. An initial rhythm of VF might

increase outcome several-fold [6, 46]. Traumatic cardiac

arrest predicts a very poor survival, whereas submersion

injury might predict a slightly better survival.

However, our goal is not hospital discharge but rather

intact neurologic survival. These data have been substan-

tially more difficult to collect and quantify. Most pediatric

experts would acknowledge that neurologic status at hos-

pital discharge might not predict outcomes at 1 month or

1 year. Indeed, even adults demonstrate significant neuro-

logic improvement 1–12 months after hospital discharge

[69]. Thus, many of our studies do not provide an accurate

assessment of the results of CPR and postarrest therapies.

Studies now being published are reporting later outcomes

and demonstrate good neurologic function in a substantial

percentage of the patients [46].

New CPR Guidelines

The revised 2010 AHA CPR Guidelines were released

November 2010, after a comprehensive and rigorous

international evidence evaluation process [28]. The scien-

tific evidence was released simultaneously but separately

from individual resuscitation council guidelines [35]. This

scientific review is the most comprehensive review of the

current resuscitation literature and included 356 scientists

from 29 countries, who conducted 411 reviews on 277

topics. The reviews were critically evaluated by online

Table 1 Characteristics of

Out-of-hospital cardiac arrest in

children and adolescents

Note: Data abstracted from [6,

24, 25, 46, 55, 56, 64, 70, 87]
a Reports vary from 1 to

18 months after event

Overall Infants Children Adolescents Adults

Incidence (per 100,000 person-years) 8.03 72 3.73 6.37 50–55

Survival to hospital discharge (%) 1.1–20 3.3 9.1 8.9 1.1–10.6

Favorable neurologic outcomea (%) 1–12 2

Public location (%) 12 4 14 22 16

Bystander CPR (%) 30–47 37 40 28 19

Initial rhythm asystole (%) 82–95 84 83 77 60

Initial rhythm VF (%) 5–10 4 5 15 23
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submission and during in-person meetings, webinars, and

teleconferences. The end product provides compelling

scientific data to support many of our current and new

therapies, acknowledges the inaccuracies and uncertainties

of other therapies, and provides a framework within which

more research can be conducted. The reader is strongly

encouraged to read these documents for a full under-

standing of the breadth of resuscitation science. The ori-

ginal worksheets can be accessed at www.ilcor.org.

As part of the 2010 guidelines, the AHA has modified

the ‘‘Chain of Survival,’’ an integrated sequence of time-

sensitive events, usually represented by links of a chain,

which, when implemented, can increase survival of wit-

nessed VF to 50% [3, 38, 72]. The links for adult resus-

citation are the following:

Immediate recognition of cardiac arrest and activation of

EMS;

Early CPR with an emphasis on compressions;

Rapid defibrillation;

Effective advanced life support;

Integrated postcardiac arrest care [84].

For young children, the first three links are slightly

different:

Prevention of cardiopulmonary arrest;

Early, effective CPR;

Activation of EMS;

Advanced pediatric life support;

Integrated postcardiac arrest care [13].

For these guidelines, children are defined as 1 year to

onset of puberty, defined as breast development in females

and axillary hair in males. Adolescents are those beyond

puberty and the adult CPR guidelines apply to that popu-

lation. For either group, however, CPR is the first therapy.

Successful resuscitation declines by 10% for every minute

that CPR is delayed, such that by 10 min, death or vege-

tative state is the only outcome. Unfortunately, bystander

CPR is provided at best 30% of the time [77]. Furthermore,

CPR is frequently performed poorly [1, 2, 7, 8] even by

highly trained rescuers. CPR quality directly correlates

with improved survival and neurologic outcomes [78]. We

have reviewed the major modifications of the 2010

guidelines to assist providers and pediatric cardiologists, in

particular, to encourage families to learn CPR and to

deliver the best CPR possible.

CAB Rather than ABC

A fundamental modification is the change from the airway–

breathing–chest compressions sequence (ABC) to chest

compressions-airway-breathing (CAB) for both adult and

pediatric basic life support. This follows the increased

emphasis on chest compressions and high-quality CPR that

began with the 2005 guidelines [4]. Effective chest com-

pressions are necessary to initiate blood flow to vital

organs, especially the brain and heart. By beginning with

chest compression, the delay created by giving ventilations

first is avoided. Additionally, chest compressions can begin

as soon as the patient is supine, avoiding the additional

time delay imposed by positioning the head, opening the

airway, and creating a seal for mouth-to-mouth or mouth-

to-bag-mask ventilations. Most cardiac arrests occur in

adults and during VF; compressions are more important

than ventilations.

Pediatric cardiopulmonary arrests are more commonly

induced by asphyxia than that in adults, and although

ventilations are very important, there are no data to indicate

that starting with compressions or ventilations is better.

Furthermore, the majority of victims do not receive

bystander CPR because of fear of infection or fear of

performing CPR incorrectly [77]. By performing chest

compressions first, it is hoped that more bystanders will be

able and willing to administer chest compressions. How-

ever, it is acceptable and recommended that health care

workers adapt these recommendations based on the most

likely cause of arrest. Thus, if the arrest is witnessed and

especially if it is sudden, chest compressions alone fol-

lowed by activation of EMS are most appropriate. How-

ever, if the arrest is unwitnessed, downtime is prolonged, or

is caused by submersion or other obvious respiratory cau-

ses, it is reasonable and acceptable to provide five cycles of

conventional CPR, including ventilations, and then activate

EMS.

High-Quality CPR

Beginning with the 2005 guidelines [4], there was

increased emphasis on high-quality CPR, consisting of

more forceful chest compressions, full recoil during

decompression, minimizing time without chest compres-

sions, and limiting ventilations to no more than 10 breaths/

min. Chest compressions generate blood flow by increasing

intrathoracic pressure, forcing blood out of the thorax, and

by directly compressing the heart. Blood flow occurs only

during chest compressions; thus, they are absolutely critical

to success. The mnemonic ‘‘push hard, push fast’’ was

coined to encourage rescuers to provide forceful com-

pression at a rate of 100 compressions/min using a com-

pression to ventilation ratio of 30:2 for adults and lay-

rescuers for children. Health care providers should use a

compression:ventilation (C:V) ratio of 15:2 for children

[13]. Equally important is the depth of each compression.

Inadequate chest compression depth occurs frequently,

even by professional rescuers, and increases with rescuer

fatigue. Chest compression depth should be at least
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one-third the AP diameter of the chest, or 1.5 in. in infants

and 2 in. in children.

Equally as important is chest recoil at the end of every

compression. Complete recoil is necessary to lower intra-

thoracic pressure, drawing blood into the thorax, which is

necessary to maintain coronary cerebral perfusion. Leaning

on the chest, even pressure equivalent to 2–4 kg limits

venous return during chest recoil, reduces coronary and

cerebral perfusion pressure, and diminishes cardiac output

by 25% [85].

‘‘Hands-off time,’’ time without compressions, should

be minimized, as there is an immediate drop in coronary

perfusion pressure whenever compressions are paused,

usually for other cares, such as intubation or vascular

access. Effective coronary perfusion pressure is then not

restored until several compressions have occurred (Fig. 1).

Coronary perfusion pressure is positively related to sur-

vival in animals (Fig. 2).

Patients are frequently hyperventilated during CPR by

excited and well-meaning professional rescuers. Average

ventilation rates have beenmeasured at 30 breaths/min, even

with the recommended C:V ratio of 30:2 [7, 8]. Animal

studies have demonstrated increasing ventilation rates

increased intrathoracic pressure with marked decreased in

coronary perfusion pressure and diminished survival.

Hands-Only CPR

In 2008, the AHA released a science advisory statement

recommending hands-only (chest compression only) CPR

for the lay bystander in a witnessed adult sudden collapse

[77]. Animal and human clinical data have demonstrated

equivalent outcomes between compression-only and con-

ventional CPR as measured by hemodynamics, survival,

and neurologic status. However, lack of lung inflation and

ventilations induces a progressive decrease in oxygen sat-

uration. It is unclear how long the advantage of continued

blood flow with compressions-only will compensate for the

decrease in oxygen delivery. Thus, the advisory statement

concluded that ‘‘the relatively low prevalence of bystander

CPR and the potential that further simplification of CPR

instructions might encourage more bystanders to take

appropriate action.’’ It is important to note that this rec-

ommendation does not apply to children, unwitnessed

arrest. or arrest of noncardiac origin (e.g., submersion,

suffocation, drug overdose, etc.).

Animal studies have consistently demonstrated the value

of ventilations in asphyxial arrest [11, 12]. A recent, large

Fig. 1 Simultaneous aortic and

right atrial pressure tracings

during conventional CPR in a

dog. Coronary perfusion

pressure drops precipitously as

soon as compressions stop for

ventilations and requires four to

five compressions to reach

15 mm Hg. Used with

permission from Berg RA, et al.

Adverse Hemodynamic Effects

of Interrupting Chest

Compressions for Rescue

Breathing During

Cardiopulmonary Resuscitation

for Ventricular Fibrillation

Cardiac Arrest. Circulation

2001, 104:2465–2470

Fig. 2 Survival from prolonged cardiac arrest relates to the coronary

perfusion pressures generated during chest compression. Used with

permission from Ewy, GA. Cardiocerebral Resuscitation. The New

Cardiopulmonary Resuscitation. Circulation 2005;111:2134–2142
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pediatric publication supports the need for ventilations in

children, especially if the arrest is of noncardiac origin.

Kitamura et al. [46] compared 1-month neurologic out-

comes from children B17 years of age who suffered

OHCA, received bystander CPR, and were entered into a

nationwide population-based Utstein style database. Chil-

dren who received bystander CPR had a higher survival

rate than those who did not receive bystander CPR. More

notable, however, children who had a noncardiac cause of

arrest, determined by a physician at the scene, had more

favorable outcomes if they received conventional CPR—

compressions with ventilations—than if they received just

chest compressions (OR: 7.2 vs. 1.6). Survival in children

who experienced cardiac arrest of cardiac origin did not

differ between chest-compression-only versus conventional

CPR. Based on this study, the AHA continued its recom-

mendation for conventional CPR for children, especially

for all trained or health care providers. If a rescuer is not

trained in CPR or is unwilling or unable to provide venti-

lations, the chest compression-only is preferred over no

attempts at rescue.

Postcardiac Arrest Care

Preservation of neurologic function requires integrated and

coordinated care in the postresuscitation period. Significant

progress has been made in the recognition of the impor-

tance of this to achieve good neurologic outcomes. There

are two time periods that are crucial: (1) immediately after

the resuscitation during transport and stabilization at a

referring facility until transfer to a pediatric tertiary care

facility and (2) care within the pediatric intensive care unit.

Abrupt deterioration might occur, requiring frequent

assessment and modification of therapy.

Elevated PaO2 levels might increase oxidative injury

associated with ischemia–reperfusion states. Care must be

taken to maintain oxygen saturations C94% by reducing

the inspired oxygen concentration. Oxygen saturations of

99–100% can be associated with PaO2 levels that are well

above 100 mm Hg; thus, the recommendation of satura-

tions 94–98%. Exhaled CO2 (PETCO2) should be monitored

as a tool to quickly assess adequacy of ventilation and

continued cardiac output, especially during transport and

when arterial blood gases are not readily available [15, 81].

Hyperventilation should be strictly avoided except in situ-

ations of impending herniation, as cardiac output and

cerebral perfusion are adversely affected and has been

shown to impair neurologic outcomes [18].

Metabolic abnormalities especially hyperglycemia might

develop in the postarrest period. Both hypoglycemia and

hyperglycemia are associated with increased mortality and

worse neurologic outcomes [50, 51, 65], but there are no

studies demonstrating that treatment improves outcome.

Furthermore, intensive therapy to prevent hyperglycemia

carries an increased risk of hypoglycemia. Currently, there

are no recommendations for children, but for adult patients,

the recommended blood sugar target is 144–180 mg/dL

[66].

Myocardial dysfunction and derangements of both sys-

temic and pulmonary vascular resistances are common in

the postarrest period. Vasoactive support is often necessary

to maintain adequate cardiac output and perfusion. Drug

therapy must be titrated for each patient depending on the

clinical situation, cause of arrest, and response to therapy.

Unfortunately, comparison studies to indicate the optimal

vasoactive drug or infusion rate are not available. Studies

performed in animals [23, 45, 60], pediatric postoperative

heart patients [39, 40], or those with septic shock [23] have

demonstrated hemodynamic improvement with a variety of

drugs.

Neuroprotection is a primary goal of postresuscitation

therapy. One of the most exciting developments in pos-

tresuscitation care has been the use of therapeutic hypo-

thermia (32–34�C) beginning in the immediate

postresuscitation period. Studies in adults [14, 31] and

asphyxiated newborns [30, 79, 80] both demonstrate that

up to 72 h of therapeutic hypothermia is associated with

better outcomes. To date, there are no randomized studies

in children outside the neonatal period. Adolescents who

are comatose after return of spontaneous circulation from

witnessed VF arrest should be treated similarly to adults

and cooled to 32–34�C. Therapeutic hypothermia for vic-

tims of asphyxial arrest can be considered [47, 48].

Extracorporeal cardiac life support (ECLS) is being used

in children who have a treatable or self-limited disease

process or are candidates for cardiac transplantation. When

ELCS is begun during active resuscitation efforts, it is

referred to as ECPR or extracorporeal CPR.

Favorable outcomes have been reported in patients with

underlying cardiac disease when the arrest occurred in

intensive care units where an ECPR team and protocol

were in place prior to the arrest [9, 21, 22, 29, 53, 61, 62,

83]. Poor outcomes have been reported in children with

noncardiac disease [9, 62, 83]. Additional factors that

might predict a favorable outcome include short duration of

CPR and short time interval to initiation of ECPR. Cur-

rently, ECPR is recommended only for patients with car-

diac disease amenable to future surgery or transplantation

in settings in which protocols exist with the expertise to

rapidly initiate the therapy.

CPR Training

As indicated above, bystander CPR is only provided in

one-third of out-of-hospitals arrest and lack of this predicts
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bad outcomes. Surveys have demonstrated that a major

barrier to bystander CPR is lack of knowledge. Technology

and application of educational theory has prompted a shift

in CPR course design to increase the number of persons

trained in CPR. Instead of multiday instructor-led courses,

CPR can now be taught to lay-rescuers using computer and

video-directed practice, in as short a time as 30 min [17,

68]. Small kits with inflatable manikins, written instruc-

tions, and, most importantly, a 24-min video providing

demonstrations of CPR with guided practice can be pur-

chased by groups or individuals to quickly learn CPR. The

kits have been provided to middle and high school-aged

adolescents [42]. The strength necessary to deliver good

CPR might limit the ability of middle school children to

perform CPR, but older teenagers are very accepting of

learning [41, 43, 57, 58]. Families and parents of high-risk

patients can quickly learn CPR and easily refresh their

skills with inexpensive self-instruction kits [16, 67]. An

additional benefit is that one kit can be used by several

people, multiplying the number of persons trained in CPR

by a factor of 2 or 3. Training can easily be provided in

environments with limited resources, such as public

schools, and in underdeveloped countries.

Similar results have been seen with training of auto-

mated external defibrillator (AED) use for school-aged

children. Students as young as 10 years have comparable

performance with pad placement, compliance with AED

instructions, and standing clear during shock delivery as

emergency medical technicians (EMTs) and paramedics

even without prior training [32]. Minimal training, how-

ever, improves the ability to use these devices [44, 52, 63,

74, 75].

The AHA strongly encourages broad expansion of CPR

training, especially through schools [19], with a recom-

mendation that CPR training become a graduation

requirement for high school students. Students should be

taught the core principles of the AHA CPR Guidelines, be

given the opportunity to practice the psychomotor skills

required for high-quality CPR, and be provided instruction

on the purpose of an AED, preferable including training

and skills practice.

Thirty-six states now have some requirement for CPR

training within the schools [19]. The requirements range

from a graduation requirement with certification of skills

practice, to understanding or recognizing the steps CPR.

Unfortunately, several barriers exist to accomplish these

requirements, including class time, funding, and equip-

ment. However, multiple school systems have developed

models to facilitate this training, such as the use of kits

rather than fully trained instructors, inclusion as part of

community service for the students, and inclusion in the

health class curriculum. Pediatric cardiologists can work

with local school systems to accomplish this goal.

Public Access Defibrillation

The adult public access defibrillation (PAD) trial results

were published in 2004 [33]. These results demonstrated a

significant outcomes benefit for locations that had the

availability of CPR plus an AED in comparison to com-

munities that had only CPR available as an interventional

modality in OHCA. The survival rate in the CPR ? AED

group was significantly higher than the CPR-only group

(23 vs. 14%). In addition, this and other studies suggested

that the cost-effective placement of AEDs should include

locations with one arrest every few years, at least 250

adults over 50 years of age during waking hours, high-risk

individuals present, or locations with a high frequency of

sudden cardiac arrest (SCA) [10].

There are very few data with regard to PAD as it relates

to the pediatric population and specifically as it relates to

the school environment. Rothmier et al. [76] reviewed the

data from high schools in the state of Washington in 2007.

A total of 407 high schools were queried, with a 29%

response rate: 64% of the 118 schools that responded had at

least one AED. Based on this study, the probability of AED

use for SCA was 1 in 154 schools per year. This study also

assessed the funding sources for school AED programs as

well as the people who were trained to use them.

England et al. [27] assessed school AED programs in the

Boston area. In this study, it was noted that in 2001, 1 AED

was donated to 1 high school in each of 35 school districts.

In the follow-up in 2003, 29 of the school districts had

functional programs. In 14 schools districts, either some or

all of the students were trained; there were 2 successful

uses of AEDs in adult cardiac arrests. Finally, a single

AED catalyzed 25 of 31 responding school districts to

purchase additional AEDs.

In 2007, Lotfi [59] published data on the epidemiology

of cardiac arrest in the school setting via review of EMS-

treated OHCA in Seattle and King County between 1990

and 2005. This study was designed with special focus on

the role of school-based AEDs. During the study period

there were 97 cardiac arrests in schools. This represented

0.4% of all cardiac arrests and 2.6% of public location

arrests. There were 12 cardiac arrests among students, 33

among faculty and staff employed by the school, and 45

among adults not employed by the school. The school-

based arrests occurred on the average of 1 per 111 schools

annually with 1 arrest in 8 colleges, 1 arrest per 125 high

schools, and 1 arrest per 200 preschools/middle schools.

This translated to an annual incidence of 0.18 per 100,000

person-years among students and 4.51 per 100,000 person-

years among faculty/staff. Interestingly, in this study it was

noted that by 2005, 18% of the schools in Seattle and the

King County area had implemented an AED program. Also

importantly, the overall survival for OHCA in this study
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was 39%, significantly better than most current OHCA

outcomes data in the literature. Nearly 80% of the SCA

patients in this study presented with documented VF/ven-

tricular tachycardia.

Drezner et al. [26] reported on the effectiveness of

emergency response planning for SCA in US high schools

with AEDs. His study analyzed the adequacy of emergency

response planning for SCA in US high schools with an on-

site AED program and also determined the effectiveness of

AED utilization in those same schools. This study involved

a cross-sectional survey involving a school representative

who completed a comprehensive survey. One thousand

seven hundred ten high schools with an on-site CPR–AED

program were further analyzed. Eighty-three percent of the

schools had an established emergency action plan for SCA,

but only 40% of the schools practiced and reviewed the

plan annually. Among the 1710 schools analyzed, 36

(2.1%) schools reported a case of AED use for SCA during

the 1-year study period from July 2006 to June 2007. Of the

36 SCA victims, 22 episodes were in older nonstudents

(spectators, teachers, staff, coaches, officials; mean age:

57) and 14 were in high school athletes (mean age: 14).

Thirty-five of the 36 (97%) SCA cases were witnessed, 34

of the 36 (94%) received bystander CPR, and the AED

deployed shocks in 30 of the 36 (83%) of cases, with

several victims requiring multiple shocks. Interestingly,

survival to hospital discharge after SCA in these high

schools was 64% for the students, for the nonstudents, as

well as overall for both groups. Although there are clear

limitations to this study [5], the outcomes compare favor-

ably to several other PAD studies with encouraging sur-

vival, such as those studies in casinos, airports, airlines,

and NCAA Division I universities.

Finally, an AHA Consensus statement was published by

Hazinski in 2004 [34]. This statement suggested that an

AED be placed in all schools with a reasonable probability

of cardiac arrest in the next 5 years, those with any student

at high risk, or those schools with an emergency to shock

time of greater than 5 min. It should also be noted that the

school is a community gathering place with multitudes of

children and adults present both during school hours as

well as after hours. In addition, endeavors to establish

school CPR–AED programs, including education of youth,

will create a new community of first responders who can

‘‘go out into the world’’ with the potential to save lives.

Project ADAM

Project ADAM is an example a primary and secondary

prevention program aimed at children and adolescents. It

includes endeavors at establishing school CPR–AED pro-

grams. It is based in Wisconsin at Children’s Hospital of

Wisconsin and includes affiliate sites in several other states

in the United States. This program and its implications are

described in great detail in a separate chapter within this

compendium.

Conclusions

Cardiopulmonary arrest is an infrequent event in pediatrics

but devastating. Information is now available to assist lay-

rescuers to learn CPR, providing high-quality CPR to

increase the probability of rapid ROSC. AEDs can be used

even by nontrained lay-rescuers and have increasing

prevalence in communities in which cardiac arrest might

occur. New therapies are also available for cardiologists

and intensivists to preserve neurologic function in children

and adolescents who suffer an OHCA. Although published

survival rates are low, recent studies have demonstrated

survival with good neurologic function as high as 30% with

coordinated and integrated prehospital and posthospital

care. There is realistic optimism that these efforts will

result in improved outcomes for our patients.
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