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ABSTRACT

Objectives: Bystander resuscitation efforts, such as cardio-

pulmonary resuscitation (CPR) and use of an automatic

external defibrillator (AED), save lives in cardiac arrest cases.

School training in CPR and AED use may increase the

currently low community rates of bystander resuscitation.

The study objective was to determine the rates of CPR and

AED training in Toronto secondary schools and to identify

barriers to training and training techniques.

Methods: This prospective study consisted of telephone

interviews conducted with key school staff knowledgeable

about CPR and AED teaching. An encrypted Web-based tool

with prespecified variables and built-in logic was employed

to standardize data collection.

Results: Of 268 schools contacted, 93% were available for

interview and 83% consented to participate. Students and

staff were trained in CPR in 51% and 80% of schools,

respectively. Private schools had the lowest training rate

(39%). Six percent of schools provided AED training to

students and 47% provided AED training to staff. Forty-eight

percent of schools had at least one AED installed, but 25%

were unaware if their AED was registered with emergency

services dispatch. Cost (17%), perceived need (11%), and

school population size (10%) were common barriers to

student training. Frequently employed training techniques

were interactive (32%), didactic instruction (30%) and printed

material (16%).

Conclusions: CPR training rates for staff and students were

moderate overall and lowest in private schools, whereas

training rates in AED use were poor in all schools. Identified

barriers to training include cost and student population size

(perceived to be too small to be cost-effective or too large to be

implemented). Future studies should assess the application of

convenient and cost-effective teaching alternatives not pre-

sently in use.

RÉSUMÉ

Objectifs: Les manœuvres de réanimation effectuées par les

témoins, telles que la réanimation cardiorespiratoire (RCR) et

l’utilisation du défibrillateur externe automatique (DEA),

peuvent sauver la vie dans les cas d’arrêt cardiaque.

Enseigner, dans les écoles, la RCR et l’utilisation du DEA

peut augmenter les faibles taux de réanimation effectuée par

les témoins, enregistrés au moment de l’étude dans les

collectivités. L’étude visait à déterminer les taux de forma-

tion sur la RCR et l’utilisation du DEA dans les écoles

secondaires à Toronto et à cerner les obstacles à la formation

et aux techniques de formation.

Méthode: Il s’agit d’une étude prospective, qui consistait en

des entrevues téléphoniques et qui a été menée parmi des

membres importants du personnel, bien au fait de la

formation sur la RCR et l’utilisation du DEA. Nous avons

utilisé un outil Web, encodé, comportant des variables

prédéterminées et doté d’une fonction logique intégrée pour

uniformiser la collecte de données.

Résultats: Sur 268 écoles avec lesquelles nous avons

communiqué, 93% ont fait écho à la demande d’entrevue et

83% ont accepté d’y participer. Les élèves et le personnel ont

reçu une formation en RCR dans 51% et 80% des écoles,

respectivement. Le taux le plus faible (39%) de formation a

été enregistré dans les écoles privées. Une formation sur

l’utilisation du DEA a été donnée aux élèves dans 6% des

écoles et au personnel dans 47% des écoles. Un DEA, au

moins, a été installé dans 48% des écoles, mais, dans 25%

d’entre elles, on ne savait pas si le DEA était inscrit dans un
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centre de répartition des services de secours. Les coûts

(17%), la faible perception du besoin (11%), et la taille de la

population scolaire (10%) se sont révélés des obstacles

fréquents à la formation des élèves. Les techniques de

formation comprenaient souvent des applications interac-

tives (32%), de l’enseignement didactique (30%), et des

documents imprimés (16%).

Conclusions: Dans l’ensemble, les taux de formation sur la

RCR à l’intention du personnel et des élèves étaient moyens,

et les taux les plus faibles ont été enregistrés dans les écoles

privées, mais les taux de formation sur l’utilisation du DEA

étaient faibles dans toutes les écoles. Les obstacles à la

formation qui se sont dégagés de l’étude étaient les coûts et

la taille de la population scolaire (perçue comme trop petite

pour que la formation soit rentable ou trop grande pour que

la formation puisse être donnée). Il faudrait évaluer, dans

d’autres études, l’application de solutions de rechange,

pratiques et rentables, aux méthodes habituelles d’enseigne-

ment, non encore appliquées.

Keywords: automatic external defibrillation, bystander resus-

citation, cardiac arrest, classroom-based education, educa-

tion, self-directed education

In Canada, the incidence of cardiac arrest varies
between 55 and 59 per 100,000 people.1 Survival rates
from an out-of-hospital cardiac arrest (OHCA) con-
tinue to be only about 5%.1–3 This low survival rate can,
in part, be attributed to a failure to act. A large
population-based cohort study conducted in Canada
and the United States noted the rate of cardiopulmon-
ary resuscitation (CPR) and automatic external defi-
brillator (AED) application by bystanders to be as low
as 32% and 2% of cases, respectively.3 Low rates of
bystander assistance may be attributed to the inability
to recognize cardiac arrest.4

The ‘‘Chain of Survival’’ emphasizes calling 911,
early CPR, and early defibrillation as the first three
links of the chain5,6 [see Figure 1]. Bystander CPR7–15

and application of an AED3,10,12,16 have been shown to
increase survival in an OHCA from 7 to 22%,3

increasing to as high as 38% when a shock is delivered
by an AED.3,12 The effect of CPR and defibrillation
decreases significantly with each minute that passes
without intervention.10 In 2005, significant changes
were made to CPR guidelines to simplify training for
lay responders.5 Despite these changes, the rates of
bystander CPR remain unchanged at 31% across
Canadian and US regions.2

Bystander reluctance to perform CPR has been
attributed to panicking (38%) and fear of improper
application (9%).17 Fear of injury to the patient (1%),
reluctance to perform mouth-to-mouth breaths (1%),
and fear of communicable disease (e.g., human
immunodeficiency virus [HIV]) were rarely cited as
deterrents to bystanders from performing CPR.17 This

suggests that comfort and training in CPR, not a
willingness to perform CPR, are the limiting fac-
tors.17,18 CPR and AED training for the general
population may address many of these issues2,18–25 and
increase bystander CPR and AED application rates,
which we know directly improve survival rates.2

The secondary school system offers CPR and AED
training to a high percentage of the population19,26,27

who might witness an arrest, given that about 78% of
cardiac arrests occur in the home.1 According to the
Ontario Ministry of Education, for students to receive
their Ontario Secondary School Diploma (OSSD),
they must complete one credit in physical education.28

Typically, students will complete this credit in grade 9,
during which they must ‘‘demonstrate an understand-
ing of cardiopulmonary resuscitation.’’29

In Canada, legislation on AED training or AED
installation in public buildings is lacking in all
provinces except Manitoba. Charitable organizations
and private foundations are working to have AEDs
installed in schools across Ontario. In the event of a
cardiac arrest occurring at a school, registration of a
school’s AED can aid emergency medical services
(EMS) dispatchers in directing callers to the AED and
coaching them to use it. Furthermore, education on
CPR and AED training in schools will increase public
awareness and could lead to a cultural change.

The primary objective of this study was to determine
the CPR and AED training rates for both staff and
students across all secondary schools in Toronto,
Canada. Secondary objectives were to 1) report
perceived barriers to training and common training

Figure 1. Heart and Stroke
Foundation of Canada Chain of
Survival.
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techniques for both CPR and AED education and 2)
report the presence and location of AEDs as well as
their rate of AED registration with local EMS dispatch.

METHODS

Study design

A prospective telephone survey was conducted of all
Toronto secondary schools from June 2009 to October
2009. Trained interviewers carried out telephone
interviews with individuals who were identified as the
most knowledgeable on the subject to obtain specific
information about the school’s CPR and AED training
status.

The Research Ethics Board at St. Michael’s Hospital
in Toronto approved this study.

Study setting and population

The study population included all 268 Toronto
secondary schools. The Toronto school system is
composed of a private (independent school) system and
a public system with two boards: the Toronto District
School Board and the Toronto Catholic District
School Board. A complete list of Toronto secondary
public and private schools was obtained through the
Ministry of Education, which maintains a current
database of all registered secondary schools in the
province. It was assumed that because schools must be
registered with the Ministry of Education to provide
the OSSD that this database would be the most
complete and up-to-date source. Secondary schools
were defined as schools educating grades 9 and above.

Survey design

The survey had five sections: AED information/status,
staff CPR training, student CPR training, staff AED
training, and student AED training. For schools that did
not have an AED installed or did not offer training in
either CPR or AED use, barriers for both installation
and training were identified. Demographic data were
also collected from each school.

Survey implementation

Schools were notified of the survey by regular mail
prior to contact. At first contact, the key school

individual(s) involved in the training was identified
and oral consent was obtained. Telephone surveys
were conducted by one of eight trained interviewers.
Interviewers took part in a 2-day training course that
included group-monitored mock calls with experi-
enced researchers. Prepared scripts were used for first
contact, identification of key individuals, and oral
consent. All calls made by the interviewers were
documented in call logs. Nonresponders were con-
tacted up to five times before the principal investi-
gator called the school administrator (school
principal, chairman of the board) directly to ask for
assistance.

Data collection

Data were entered during the interview into a
standardized encrypted Web-based tool by the inter-
viewer (Appendix). Web-based data entry provided
prespecified variable responses, built-in logic, and
error checks to minimize subjective, incomplete, and
erroneous entries. Answers that did not conform to
prespecified variable responses were recorded verbatim
via text entry and later categorized by a single
investigator (D.H.).

RESULTS

Demographics and study population

In the city of Toronto, there are 268 schools providing
education to approximately 120,000 students and
employing 13,000 teaching staff. Of the 268 schools
that were contacted, 250 (93%) responded and 223
(83%) consented to participate. From the 223 schools
that participated, 95 (43%) were from the public
school system, 32 (14%) were from the Toronto
Catholic schools, and 96 (43%) were independent
schools (Table 1).

Primary outcomes

Fifty-one percent of schools trained their students in
CPR and 6% of schools trained their students to use an
AED. Student CPR and AED training rates were
lowest in the independent schools (28% and 2%,
respectively). Most schools (80%) train their staff in
CPR, and almost half (47%) train their staff in AED
use (Table 2).
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Secondary outcomes

Major barriers to student CPR and AED training were
cost (17%), no perceived need (11%), and population
size (either too small to be cost-effective or too large to
be implemented) (10%). Common barriers to staff
CPR and AED training were none (25%), lack of
demand or low priority (17%), school population size
(either too small to be cost-effective or too large to be
implemented) (15%), and cost (10%). The most
common training techniques for both staff and student
CPR/AED training were interactive (e.g., role playing,
mannequin use), didactic speaker, and written materi-
als. Very few schools used computer programs, Web-
based software, or self-directed learning options for
training (Table 3).

At least one AED was present in 48% of schools.
The lowest frequency of AED installation was
observed in the independent schools (18%) and the
highest in the public schools (83%). AEDs were most
commonly located in administrative offices (46%),
athletic facilities (19%), and hallways (13%). Most
schools had signs indicating the location of the AED

(78%), and most were installed in plain view (92%). In
schools without an AED installed, the most common
barriers to installation were no reason at all (18%), school
population too small to be cost-effective (15%), lack of
interest or low priority (15%), and lack of funds (10%).
Most schools (72%) that had an AED were already
registered with EMS dispatch. However, a significant
number of schools (25%) were unaware of the registra-
tion status of their AED. Follow-up visits with the
schools with AEDs that lacked registration with the local
EMS dispatch were conducted, and we confirmed
universal AED registration with EMS dispatch.

INTERPRETATION

This study demonstrates that despite compulsory CPR
education in the curriculum set by the Ontario
Ministry of Education, such education was far from
universal. Generally, a higher proportion of Toronto
high schools ensured that staff received CPR training
and AED training. Independent schools provided
training less frequently to both staff and students in
CPR and AED use. Traditional teaching styles are

Table 2. Study outcomes

Public (n 5 95),

n (%)

Catholic public

(n 5 32), n (%)

Private (n 5 96),

n (%)

Total (N 5 223),

n (%)

Cardiopulmonary resuscitation (CPR)

Schools trained staff 86 (91) 32 (100) 60 (63) 178 (80)

Schools trained students 62 (65) 25 (78) 27 (28) 114 (51)

Automated external defibrillation (AED)

Schools trained staff 78 (82) 10 (31) 16 (17) 104 (47)

Schools trained students 10 (11) 1 (3) 2 (2) 13 (6)

AED present 79 (83) 10 (31) 17 (18) 106 (48)

AED registered with local EMS dispatch* 57 (72) 6 (60) 13 (76) 76 (72)

EMS 5 emergency medical services.

*The denominator for the rate of AED registration is the total number of schools that have an AED.

Table 1. Study demographics*

Public n (%) Catholic public n (%) Privaten n (%) Total

School demographics

Total 107 (40) 32 (12) 129 (48) 268

Schools participating 95 (43) 32 (14) 96 (43) 223

Population

Staff 5,962 (50) 3,264 (28) 2,594 (22) 11,820

Students ($ grade 9) 75,525 (64) 27,482 (23) 15,351 (13) 118,358

Students 78,335 (59) 29,607 (22) 25,148 (19) 133,090
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most commonly employed, and few schools are using
cost- and time-effective alternatives that have been
demonstrated to be efficacious in adults, such as video-
led self-instruction.

Major barriers to training students were noted to be
cost and student population size (too small to be worth
doing or too large to be logistically possible). A potential
solution to this could be implementing alternative
training methods such as computer- and video-based
instruction. These methods can provide training that is
much faster, more frequent, cost-effective, and easily
disseminated to a large number of students.26 One such
alternative is video self-instruction, which employs a
‘‘practice-as-you-watch’’ method where the student
watches a 30-minute video and practices compressions
on a small mannequin.31 This alternative is currently
available for around $30.00 CAD32 and has been shown
to be as effective as standard basic life support
instruction in terms of performance and retention of
skills.21,26,31,34–38 Future studies could look at the effec-
tiveness of video self-instruction as an online resource in
overcoming barriers such as cost and accessibility due to
student population size.

The cost of implementing a traditional CPR and AED
lay rescuer program has been estimated to be $3,065
(USD) per school per year.39 Estimates for implementing
school-wide video, Web-based, or self-directed learning
have not been thoroughly assessed but can be estimated
based on the cost of the kit ($30.00 per student). It can be
assumed that some costs included in estimates for
standard training would be eliminated. These costs
include the cost of maintaining and upgrading manne-
quins, training teachers to be instructors, and hiring
substitute teachers to cover for this period of instruction.
These less intensive teaching options allow more
students to be trained and could help reduce negative
attitudes toward CPR and AED training.27 More

importantly for the community, students are able to
take home the training tool and the digital recording and
teach, on average, three members of their family and
friends. This has widespread public health implications
beyond the classroom and may increase the community
survival rate through more bystander-initiated resuscita-
tions.

Teaching CPR and AED skills specifically to high
school students may have important social ramifica-
tions. Potts and Lynch showed that 44.7% of people in
the community stated that they ‘‘don’t have the time
to take a course’’ and 34.2% stated that it is ‘‘not
important’’ or they ‘‘don’t care.’’33 Teaching CPR and
AED skills in high schools can partially address these
barriers and help reshape perceptions toward a more
helping attitude. High school students have been
shown to be more responsive and receptive to CPR
training than other groups.40 Some have suggested that
beginning training around the sixth or seventh grade is
better,41 where kids as young as 10 or 11 years old are
capable of performing CPR after training.42 Regardless
of teaching method, CPR training increased partici-
pant confidence, perceived competency, and willing-
ness to help.43 Merely testing skills leads to a higher
retention of knowledge; thus, incorporating testing
into simple training programs may be useful.44

The reported rates of CPR and AED instruction
suggest that alternative strategies are needed to ensure
that all schools are compliant with the legislated
curriculum and more students are learning CPR and
AED skills. In general, government legislation has
been shown to be an effective method of initiating
programs and affecting community lay responder
rates45,46; however, our results show that 49% of the
schools surveyed were noncompliant with the curricu-
lum set by the Ontario Ministry of Education. Future
investigations may focus on why certain Toronto high

Table 3. Main teaching methods*

Method Student training (%) Staff training (%)

Video presentation 11 12

Slide show 6 6

Didactic speaker 30 29

Web/computer 0 1

Interactive 32 31

Training books/written materials 16 15

Unknown 5 6

*Data represented as % of schools reporting this method and some schools reported more than one method was employed.
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schools are not fulfilling the legislated curriculum and
what measures and supports are in place to ensure that
the curriculum is delivered. In the United States, such
policies and programs have increased the number of
AEDs in public and private locations.45 In Sweden,
long-term mass implementation of effective CPR
training programs showed an increase in bystander
CPR rates from 31 to 55%.46

Dispatch-assisted CPR has been shown to increase
bystander CPR rates and can improve CPR quality.1,47

In addition, the registration of AEDs will enable EMS
dispatchers to locate and direct callers to a nearby
AED and coach them to use it with success similar to
what they have had coaching bystanders to perform
CPR. Twenty-five percent of the AEDs in schools
were unregistered, and as a consequence of this study,
this link with dispatch and the AED has been
established. This should be true for all AEDs regard-
less of location. AED registration has been linked with
higher survival rates48 as a shock is more likely to be
delivered with guidance from an EMS dispatcher.49

AEDs are user-friendly, and there is evidence showing
that even untrained first-time users can successfully
apply an AED and deliver a shock.50

Charitable organizations and the provincial govern-
ment are in the process of procuring funding for
AEDs in schools. As of June 30, 2010, the Heart and
Stroke Foundation of Ontario has deployed 2,262
AEDs in the province51 and The Mikey Network has
committed over 800 AEDs.52 The ACT Foundation
has funded CPR education for 1.4 million students
and new hybrid CPR and AED training for 27,000
students.53 In April 2010, a new provincial bill, Bill 41
or The Defibrillator Access Act, was introduced. If
passed, it would require the installation of AEDs in
places frequented by the public throughout the
province, including schools.54

Our study has some limitations. The majority of
surveys were conducted during June and early July
when schools were preparing to close for the summer
or moving into examinations and summer programs.
This may have reduced response rates, requiring
frequent calls to identify the key individual for the
interviews. In some cases, due to the lack of
comprehensive training programs in schools, data
were collected from several different individuals at the
same school. The use of a standardized Web-based
data entry system ensured the same questions for each
school regardless of the number of respondents. The

survey contained open-ended qualitative questions
that were subject to interviewer and interviewee
interpretation and may be limited by interviewee
recall bias. This was controlled for by asking all
interviewers to record the responses verbatim, provid-
ing rigorous training and quality assurance review
based on listening in real time to a random sample of
calls for each interviewer. The Web-based data
abstraction system was limited to the data without
source verification as audio recordings and transcrip-
tions of telephone interviews were not done due to
cost limitations. The use of point-of-entry error, cross
form, and logic checks may have been helpful in
minimizing data entry errors.

CONCLUSIONS

Bystander CPR and AED rates of use are low in
Toronto and are the primary predictors of survival from
out-of-hospital cardiac arrest. School-based programs
have the potential to address this gap in performance by
the lay public. Legislated curriculum includes CPR
training at a minimum; however, this study found that
not all schools in Toronto were reporting compliance
with the curriculum. Of the Toronto high schools that
were compliant with the curriculum, the majority were
noted to use traditional teaching styles with few schools
using alternative methods such as Web-based or video
instruction. Perceived barriers to CPR and AED
training were noted to be cost and student population
size (perceived to be either too small to be cost-effective
or too large to be implemented). A possible solution to
this could be implementing more cost-effective, self-
directed Web-based or DVD-based courses without
compromising the quality or retention of CPR training.
They may also have the added benefit of informing
family and friends when students bring home the
learning kit. Future investigations should explore why
certain Toronto high schools are not fulfilling the
legislated curriculum and what measures and supports
are in place to ensure that the curriculum is delivered.
The proportion of high schools surveyed providing
education on AED use and ensuring that their AEDs
were registered with local EMS dispatch was low. The
installation and registration of AEDs should also be
mandated to provide universal access, better training,
familiarity, and school readiness for cardiac arrest.
Charitable groups would be advised to target all schools
for AED placement.
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