
(2024) 1240e1247
CJC Open 6
Original Article

Short Survey on Cardiopulmonary Resuscitation and
Automated External Defibrillator Training in Rural British

Columbia Schools: Preliminary Findings and
Hypothesis-Generating Insights

Ali Khatib, BSc, MSc,a Saif Dababneh, BSc,a Trevor Ng, BSc, BeD,a Wesley Chu, BSc,a

James McKinney, MD,a Santabhanu Chakrabarti, MBBS, MD,a,b Katherine Allan, PhD,c and

Zachary Laksman, MD, MSca,b
aDepartment of Medicine, University of British Columbia, Vancouver, British Columbia, Canada

bSt. Paul’s Hospital Cardiac Electrophysiology, Arrhythmia Clinic, Vancouver, British Columbia, Canada
cDivision of Cardiology, Unity Health Toronto-St. Michael’s Hospital, Toronto, Ontario, Canada
ABSTRACT
Background: British Columbia (BC) faces more than 7000 out-of-
hospital cardiac arrests annually, which disproportionately affect ru-
ral areas, owing to their slower emergency medical service response
and limited specialized care. Despite the known benefits of automated
external defibrillator (AED) access and cardiopulmonary resuscitation
(CPR) training, their status in rural BC schools is poorly documented.
Methods: We used an online survey of principals and vice-principals of
rural schools in BC. The survey assessed AED accessibility, prevalence
of CPR and AED training, and obstacles to implementing such training.
Questions covered school demographics, AED installation, and CPR
and/or AED training for staff and students.
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R�ESUM�E
Contexte : La Colombie-Britannique (C.-B.) est confront�ee chaque
ann�ee à plus de 7 000 arrêts cardiaques extrahospitaliers, qui tou-
chent de manière disproportionn�ee les zones rurales, en raison de la
lenteur de l’intervention des services m�edicaux d’urgence et de l’in-
suffisance des soins sp�ecialis�es. Malgr�e les avantages connus de
l’accès aux d�efibrillateurs externes automatis�es (DEA) et de la for-
mation à la r�eanimation cardio respiratoire (RCR), leur statut dans les
�ecoles rurales de la C.-B. est peu document�e.
M�ethodes : Nous avons utilis�e une enquête en ligne auprès des
directeurs et des directeurs adjoints des �ecoles rurales de la C.-B.
L’enquête a �evalu�e l’accessibilit�e des DEA, la pr�evalence de la
Annually, British Columbia (BC) experiences over 7000 out-
of-hospital cardiac arrests (OHCAs), which accounts for
w12% of Canada’s cardiac-arrest incidents.1-3 In BC, 19% of
all cardiac-arrest events occur in rural areas, where 12.7%
of the population is located.4 Although the urban regions of
Fraser and Vancouver Coastal Health report a substantial
number of OHCAs, with an incidence rate of 126 per
100,000, the more-rural health authorities, including North-
ern, Interior, and Island Health, experience higher rates.
Specifically, the Interior has a rate of 153 per 100,000; the
Vancouver Island region has a rate of 165 per 100,000; and
the Northern region has a rate of 177 per 100,000.1,5,6

Overall, the crude incidence of OHCA in BC is approxi-
mately 138 per 100,000 population.1 Rural communities
experience disparities in OHCA treatment, compared to that
for their urban counterparts.7-10 Notable disparities exist be-
tween urban and rural areas in the effectiveness of resuscita-
tion efforts for OHCAs. These disparities arise from several
factorsdthe limited availability of first responders trained to
perform immediate cardiopulmonary resuscitation (CPR),
reduced accessibility to automated external defibrillators
(AEDs), variable emergency medical services response times,
and greater distances to hospitals capable of providing
specialized postresuscitation care.7,10,11 These findings un-
derscore the need for tailored interventions to reduce these
geographic disparities and improve OHCA outcomes.

In rural BC, healthcare resource disparities and poor car-
diac OHCA outcomes present significant challenges. The BC
Centre for Disease Control (BCCDC) notes that many
communities across the province are located far from primary
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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Results: We recruited 23 elementary schools (kindergarten-grade
7; 46%), 6 middle schools (grades 6-8; 12%), and 21 high schools
(grades 8- 12; 42%). A total of 72% (36 of 50) had at least one AED
installed; 46% required staff CPR training; and 24% provided student
CPR training. Significant gaps in training were noted for elementary
and middle school students, compared to the training for high schools
(P < 0.05).
Conclusions: Disparities in AED and CPR training across rural schools
in BC exist, highlighting a need for policy improvements and innovative
solutions to enhance first-aid education. Barriers to implementing CPR
and AED training included lack of funding, curricular priority, time
constraints, and limited resources. Despite a 10.3% response rate, this
study reveals significant disparities in AED and CPR training across
school levels in rural BC, underscoring the need for targeted policies
and educational strategies to enhance emergency preparedness and
improve cardiac arrest outcomes in underserved areas.

formation en RCR et DEA, et les obstacles à la mise en œuvre d’une
telle formation. Les questions portaient sur les donn�ees
d�emographiques de l’�ecole, l’installation des DEA et la formation du
personnel et des �elèves en RCR et/ou DEA.
R�esultats : Nous avons recrut�e 23 �ecoles primaires (de la maternelle
à la septième ann�ee; 46 %), 6 �ecoles interm�ediaires (de la sixième à la
huitième ann�ee; 12 %) et 21 �ecoles secondaires (de la huitième à la
douzième ann�ee; 42 %). Au total, 72 % des �ecoles (36 sur 50) dis-
posaient d’au moins un DEA, 46 % exigeaient une formation en RCR
pour le personnel et 24 % une formation en RCR pour les �elèves. Des
lacunes significatives dans la formation ont �et�e constat�ees pour les
�elèves des �ecoles primaires et interm�ediaires, par rapport à la for-
mation dispens�ee dans les �ecoles secondaires (p < 0,05).
Conclusions : Il existe des disparit�es dans la formation DEA et RCR
dans les �ecoles rurales de la C.-B., ce qui souligne la n�ecessit�e d’am-
�eliorer les politiques et de trouver des solutions novatrices pour ren-
forcer la formation aux premiers secours. Les obstacles à la mise en
œuvre de la formation en RCR et DEA comprenaient le manque de
financement, la priorit�e des programmes, les contraintes de temps et
les ressources limit�ees. Malgr�e un taux de r�eponse de 10,3 %, cette
�etude r�evèle d’importantes disparit�es dans la formation DEA et RCR
dans les �ecoles rurales de la C.-B., soulignant la n�ecessit�e de politiques
cibl�ees et de strat�egies �educatives pour renforcer la pr�eparation aux
situations d’urgence et am�eliorer les r�esultats en matière d’arrêt car-
diaque dans les r�egions mal desservies.
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health centres, making it harder to access emergency health-
care.5 These challenges are exacerbated further in rural set-
tings, owing to a lower population density, a rapidly aging
demographic, with a higher proportion of seniors compared to
that in urban areas, and increased distances from healthcare
resources.12 A critical barrier identified is the lack of readily
available services for delivery of appropriate and timely di-
agnostics and treatment, which contributes to these health
disparities.

Given that a significant proportion of OHCAs occur near
schools (11.1%-60.9%), equipping these institutions with
AEDs, and training school-aged children in their use, can
improve survival outcomes.13,14 Countries with mandatory
CPR education in schools report significantly higher rates of
CPR performed by bystanders, and improved survival rates
following OHCAs.15-17 In countries in which educating
schoolchildren in CPR is mandatory, bystander CPR is per-
formed in 60%-75% of cases, and the survival rate after
OHCA can be tripled.15 European countries, and US states
with such mandates, have higher rates of CPR performed by
bystanders.15,18-20 Schoolchildrendfor whom cardiac arrest is
often witnessed in a family member, are more motivated to
perform basic life support (BLS).21-23 Mandatory CPR and
AED training for schoolchildren results in a prepared popu-
lation that can respond effectively in emergencies, thereby
improving bystander CPR rates and reaching the entire
population.17-19,24,25

Adoption of CPR and AED training in BC schools could
bridge the OHCA outcome gap between rural and urban
areas. Providing BLS training and AEDs in schools are cost-
effective solutions to improve survival outcomes.18,26

Prompt delivery of CPR and use of an AED are critical in
cardiac emergencies; both significantly enhance the chances of
survival and recovery.27,28 Early defibrillation performed
within the first few minutes of cardiac arrest dramatically
improves outcomes, with minimal neurologic impact.29

CPR training and the presence of AEDs are not mandated
in BC elementary or high schools, although both are recom-
mended by the Heart and Stroke Foundation of Canada.30,31

In Ontario high schools, only 18.8% of the schools provided
BLS training, owing to funding, time, and resource con-
straints.9 How schools implement BLS training programs is
left to the discretion of each school board. Given the lack of
contemporary data on how many rural BC schools offer this
training, we aimed to evaluate the availability of AEDs, the
current rates of CPR and AED training in publicly funded
rural BC elementary, middle, and high schools, and the bar-
riers to implementing CPR and AED training for BC staff and
students.
Materials and Methods

Study design

A qualitative study was conducted between April 18 and
July 6, 2023, using an online survey of rural school principals
or vice-principals. Our team selected the definition of a rural
community on the basis of criteria established by the Joint
Standing Committee on Rural Issues (JSC). This organiza-
tion, representing the provincial government and doctors of
BC, has developed a comprehensive list of communities under
the Rural Practice Subsidiary Agreement (RSA). The RSA is
designed to improve patient care and the availability of
physician services in rural and remote areas of BC, focusing on
the unique and challenging clinical circumstances faced by
rural physicians.32,33

The study population included all publicly funded rural
BC schools in communities covered by the RSA. As of 2023,
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this group consisted of 482 rural schoolsd112 elementary
schools, 179 middle schools, and 191 high schools, admin-
istered by 43 school districts.

Survey design

The survey (Supplemental Appendix S1), designed elec-
tronically via the University of BC (UBC) survey tool on
Qualtrics (Qualtrics, Provo, UT), drew inspiration from a
preceding study by Allan et al. evaluating CPR and AED
training in Ontario schools.9 This survey comprised 21 open-
and closed-ended questions, targeted specifically to principals
and vice-principals, and was modified to better align with the
context of the BC school system. Questions were organized
into 4 sections, as follows: school demographics, AED instal-
lation and maintenance, CPR and AED training for staff, and
similar training for students. Additionally, for schools that
lacked AEDs, or those that did not provide CPR and AED
training to their staff or students, the survey included questions
designed to identify and explain the obstacles preventing the
installation of AEDs or the facilitation of CPR training pro-
grams. Elementary, middle, and high schools were compared,
to identify any significant differences in AED installation, as
well as CPR and AED training for staff and students, across
these school levels. An understanding of these differences is
crucial for developing targeted interventions and policies to
improve cardiac emergency preparedness in rural schools.

Survey implementation

Three investigators (W.C. T. N., and A.K.) distributed the
survey by directly e-mailing school principal and vice-
principal contacts on the BC School & District Contact In-
formation Web site. Researchers then followed up via phone
call if participants had not yet responded to the initial e-mail
to confirm whether or not they were choosing to participate.
Participants were offered CAD$5 coffee gift cards of their
choice for their participation. This project received approval
from the University of BC Behavioral Research Ethics Board
(BREB; Project Certificate H16-00044).

Statistical analysis

Descriptive statistics were used to analyze close-ended
questions, whereas thematic analysis and grouping were used
to analyze open-ended questions. Quantitative analyses aimed
Figure 1. Survey participation among 484 schools in rural British Columbia
to compare elementary, middle, and high schools in regard to
AED installation, CPR and AED training for staff, and similar
training for students. Categorical variables were presented as
counts or percentages and were analyzed using c2 or the
Freeman-Halton extension of the Fisher exact probability
test,34 as appropriate. Continuous variables are presented as
means � standard deviations, or as medians � interquartile
ranges, and were analyzed using 1-way analysis of variance or
the Kruskal-Wallis test, as appropriate. A P value < 0.05 was
considered significant. Except for the Fisher exact test, sta-
tistical analyses were performed using Prism, version 9.4.1
(GraphPad, La Jolla, CA).
Results

Demographics and study population

We surveyed 484 schools in rural BC, achieving a response
rate of 10.3% (50 of 484). Of the 50 schools that responded,
23 (46.0%) were elementary schools (kindergarten-grade 7),
21 (42.0%) were high schools (grades 8-12), and 6 (12.0%)
were middle schools (grades 6-8; Fig. 1; Table 1). The mean (
� standard deviation) number of students per school was 315
( � 100). The majority of elementary schools (60.8%) and
high schools (52.4%) had � 25 staff members, whereas the
majority (66.7%) of middle schools had 26-75 staff members.
Altogether, our survey reached 50 schools, representing
12,807 students in rural BC.

AED installation and training

A total of 36 schools (72.0%) had at least 1 AED installed
(Table 2). Notably, only 11 elementary schools (47.8%) had an
AED, compared to 100% and 90.5% of middle and high
schools, respectively (P < 0.05). Of the schools that had AEDs
installed, only 2 (10.5%), both high schools, had 2 AEDs
installed. Staff AED training was provided as part of CPR
education for most schools (71.4%), most commonly by a
professional association (eg, the Red Cross). Most schools
without AEDs suggested that this lack was the result of barriers,
such as funding shortages or the prohibitive cost of AEDs
(53.8%), and a lack of district policy mandating the presence of
AEDs (30.8%). A few schools (15.4%) reported that AEDs
were accessible in adjacent buildings or nearby locations (eg, a
nearby ambulance station), whereas others suggested that
, categorized by school type.



Table 1. School demographics (British Columbia)

Variable
Elementary
schools

Middle
schools

High
schools Total

Schools 23 (46.0) 6 (12.0) 21 (42.0) 50
Students per school 200 � 120 363 � 252 381 � 418 315 � 100
Staff members per

school
0e25 14 (60.8) 2 (33.3) 11 (52.4) 27 (54.0)
26e75 9 (39.1) 4 (66.7) 7 (33.3) 20 (40.0)
76e100 0 0 1 (4.8) 1 (2.0)
101e125 0 0 2 (9.5) 2 (4.0)

Values are n (%) or mean � standard deviation.
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awareness was lacking regarding AED importance or a lack of
prioritization by the curriculum (7.7%; Fig. 2A).

CPR training

Staff CPR training was a requirement in 23 schools (46%;
Table 3). Most elementary schools (56.5%) required staff
training, compared to 33.3% of middle schools and 38.1% of
high schools. As with AED training, CPR training was most
commonly (in 74.2% of cases) conducted by a professional
association. The duration of training, when it was specified
(unspecified in 50.0% of cases), was most commonly 1 day (in
43.8% of cases). CPR training was provided to students in
13.0% of elementary schools, 42.9% of high schools, and no
middle schools (P < 0.05). As for AEDs, funding was the
most commonly reported barrier to the provision of staff CPR
training (32.0%). Other barriers to provision of staff training
included time and availability (20.0%), lack of interest from
staff for voluntary training (16.0%), and geographic
Table 2. Automated external defibrillator (AED) installation and training.

Variable Elementary schools Middl

AED installed 11 (47.8) 6 (1
AEDs per school

1 11 (100.0) 6 (1
2 0

AED location
Main office/hallway 4 (36.4) 2 (3
Front entrance/foyer 2 (18.2) 3 (5
Gym 0 1 (1
Cafeteria 0
Other 2 (18.2) 1 (1
Unspecified location 3 (27.3)

Policy for AED maintenance 7 (63.6) 6 (1
AED training is a part of CPR 12 (63.2) 5 (8
Type of AED trainers

Local EMS 0
Professional association* 5 (26.3) 4 (6
Staff trainers 0
Private company 0
Unspecified format 8 (42.1) 1 (1
Unsure 1 (5.2)

Length of AED training
< 1 h 2 (14.3)
1e2 h 1 (7.1)
1/2 d 0
1 d 0
2 d 1 (7.1)
Unspecified 10 (71.4) 5 (1

Values are n (%), unless otherwise indicated.
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; NS, not
* Includes the Red Cross, the Heart and Stroke Foundation of Canada, and St.
inaccessibility to training sites (12.0%; Fig. 2B). Meanwhile,
reported limitations to student CPR training included lack of
curricular priority (ie, training not being mandated by BC
curriculum; 13.2%), a shortage of CPR-trained staff (15.8%),
and a perceived lack of relevance for younger (eg, elementary-
aged) children (20.0% of elementary schools; Fig. 2C).
Notably, some principals expressed an interest in and an
intention to offer first-aid training.
Discussion
This study demonstrates that although many rural BC

schools have AEDs installed and offer some level of CPR
training, inconsistencies and gaps remain in the availability and
quality of CPR and AED training. Survival rates for OHCAs
are notably low, especially in rural and remote areas.7 Data
from Nova Scotia showed that patients in urban centres were
107% more likely to survive to hospital discharge than those in
rural areas.7 Urban patients also benefited from a quicker mean
time to defibrillation of shockable rhythmsd11.2 minutes,
compared to 17.5 minutes in rural areas. Furthermore, studies
indicate that the likelihood of return of spontaneous circulation
at hospital arrival, as well as survival to hospital discharge, at 30
days and at 1 year, is significantly lower in rural than in urban
locations.35,36 Enhancement of CPR training and an increase in
the availability of AEDs are crucial measures to improve sur-
vival outcomes for individuals experiencing cardiac arrest.
Although first-aid training is offered in grade-11 physical ed-
ucation programs in BC, the law does not require the instal-
lation of AEDs in schools.30,37 Additionally, enrollment in a
grade-11 physical education course is not mandatory for stu-
dents in BC.
e schools High schools Total P

00.0) 19 (90.5) 36 (72.0) 0.0019

00.0) 17 (89.5) 34 (94.4) NS
0 2 (10.5) 2 (5.6) NS

3.3) 4 (21.1) 8 (22.2) NS
0.0) 5 (26.3) 10 (27.8) NS
6.7) 3 (15.8) 4 (11.1) NS
0 0 0 NS
6.7) 1 (5.3) 5 (13.9) NS
0 6 (31.6) 9 (25.0) NS
00.0) 14 (73.7) 27 (75.0) NS
3.3) 13 (76.5) 30 (71.4) NS

0 0 0 NS
6.7) 1 (5.9) 10 (23.8) NS
0 0 0 NS
0 0 0 NS
6.7) 11 (64.7) 20 (47.6) NS
0 2 (11.8) 3 (7.1) NS

0 0 2 (6.1) NS
0 1 (7.1) 2 (6.1) NS
0 0 0 NS
0 4 (28.6) 4 (12.1) NS
0 0 1 (3.0) NS
00.0) 9 (64.3) 24 (72.7) NS

significant.
John’s Ambulance.
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Figure 2. Reported barriers to automated external defibrillator (AED) installation and first-aid training. Barriers to (A) AED installation, (B) cardio-
pulmonary resuscitation (CPR) staff training, and (C) CPR student training. Data represent frequency of each reported barrier of the respondent
schools without an AED or CPR training. admin, administration.
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Current state of AED and CPR training

Our findings indicate that most elementary schools did
not have an AED installed, whereas most middle schools and
high schools did. Specifically, our results show that only
47.8% of elementary schools have AEDs installed, compared
to 100% of middle schools and 90.5% of high schools.
Moreover, only 13.0% of elementary schools, 42.9% of high
schools, and no middle schools offer CPR training to



Table 3. Cardiopulmonary resuscitation (CPR) training

Variable* Elementary schools Middle schools High schools Total P

Staff training
Staff members required to have CPR

training
13 (56.5) 2 (33.3) 8 (38.1) 23 (46.0) NS

Staff members trained per school 2 (2, 3) 2 (1.5, 2) 3.5 (2.6, 4) 2.25 (2, 3.75) NS
Type of trainers

Local EMS 0 0 1 (9.1) 1 (3.2) NS
Professional association* 10 (66.7) 5 (100.0) 8 (72.7) 23 (74.2) NS
Staff trainers 0 0 0 0 NS
Private company 0 0 1 (9.1) 1 (3.2) NS
Unspecified format 3 (20.0) 0 0 3 (9.7) NS
Unsure 2 (13.3) 0 1 (9.1) 3 (9.7) NS

Length of training
1e60 min 1 (6.3) 0 0 1 (3.1) NS
1/2 d 0 0 1 (8.3) 1 (3.1) NS
1 d 9 (56.3) 1 (20.0) 4 (33.3) 14 (43.8) NS
� 2 days or more 0 0 1 (8.3) 1 (3.1) NS
Unspecified 6 (37.5) 4 (80.0) 6 (50.0) 16 (50.0) NS

Student CPR training
CPR training provided to students 3 (13.0) 0 9 (42.9) 12 (24.0) 0.0258

Values are n (%), or median (interquartile range), unless otherwise indicated.
EMS, emergency medical service; NS, not significant.
* Includes the Red Cross, the Heart and Stroke Foundation of Canada, and St. John’s Ambulance.
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students. This inconsistency underscores the need for more-
uniform training standards and implementations to ensure
that all students receive potentially life-saving education.
Other studies have found that CPR training rates in schools
are low despite government mandates.9,38,39 In Denmark,
even with CPR and AED training in schools being required
by legislation since 2005, only 28.4% of eligible classes had
completed CPR training, and even fewer (10.3%) had
completed AED training.38 Similarly, in Ontario, AED in-
stallations were reported in 59.2% of elementary schools,
compared to 76% and 90% of middle and high schools,
respectively.9 This finding suggests that although mandating
CPR training is a crucial first step, legislation is often
insufficient without additional measures such as community
education, the raising of awareness, and frequent assessment
of implementation at each school. Moreover, elementary and
middle schools offered students significantly less CPR
training than did high schools, mirroring what was reported
in Ontario. Notably, a higher proportion of elementary
teachers are trained in CPR, compared to that among their
secondary-school counterparts. However, a remaining
concern is that only a small percentage of students receive
CPR training, underscoring a critical gap in current educa-
tional safety protocols. Our study found that staff training is
required in only 46% of cases, lower than the 60% reported
in Ontario.

Similar barriers were noted in both provinces, including
perceived misconceptions, lack of policy or mandate, and
limited resources. Notably, our research highlights a more
pronounced shortage of CPR-trained personnel in rural BC
(15.8%), compared to that in Ontario (8.2%),9 a discrep-
ancy likely exacerbated by the challenges of geographic
accessibility. These findings suggest that we must advocate
for a comprehensive approach to ensuring equitable access
to AED and CPR training, considering geographic dispar-
ities alongside the necessity for adequate funding and
increased awareness. The parallels drawn here spotlight rural
BC’s specific challenges and reflect a broader pattern of
uneven access to CPR and AED education across various
regions.40

Strategies to implement CPR education in schools, and
future directions

One reason reported by principals for the lack of CPR and
AED training is reliance on local paramedics. BC paramedics
are well equipped to initiate high-quality resuscitation and
advanced life support procedures. However, rural commu-
nities face staff shortages and geographic barriers, leading to
longer response times and lower survival rates.41,42 External
factors, such as extreme-heat events, compound these chal-
lenges, further impacting OHCA survival rates in BC.43

An important strategy to increase the survival rate of those
who experience OHCA is to educate schoolchildren. Hence,
provision of annual BLS training in schools for all children
starting from age 4 years, to enhance their readiness to
perform CPR, has been suggested,26 We recommend
including CPR and AED training in specific gradesdnotably,
grades 5, 8, and 10. These grades, respectively, represent
grades from elementary school, middle school, and high
school. A grade-10 level of physical education is currently a
graduation requirement for all BC high school students.
Including training within this course will ensure that all
graduates are equipped with this life-saving skill.

Although legislation alone is insufficient, promising results
have been observed with innovative CPR training methods for
young schoolchildren, including training by medical students,
self-training using self-instruction kits, and peer training, all of
which compare favourably to traditional instructor-led
training.9,44 Leveraging technology and innovative teaching
methods may help overcome some of the logistical challenges
associated with delivering CPR and AED training in rural areas.
For instance, virtual training modules, mobile training units,
and partnerships with local emergency services can extend the
reach of training programs and make them more accessible to
remote communities. Additionally, efforts should be made to
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increase awareness and advocacy around the importance of
CPR and AED training within rural communities. Collabora-
tive initiatives undertaken through the Advanced Coronary
Treatment Foundation are examples of such efforts. Repetition
of training on a recurrent basis is also important to help trainess
retain the skills learned.20 Ultimately, the involvement of
schools, healthcare workers, community organizations, and
policymakers can help raise awareness, secure funding, and
provide resources to support training programs.

Limitations

The study’s response rate, standing at 10.3% from the
surveyed schools, represents a low level of participation that
may not adequately reflect the full spectrum of CPR and AED
training practices across rural BC. This low response rate in-
troduces a high risk of bias and limits the external validity of
our findings, thereby impacting the extent to which they can
represent the diverse challenges and strategies employed by all
rural schools in the province. The potential exists for partic-
ipants to not fully adhere to survey guidelines, which could
affect data accuracy and consistency. Recall bias may also
influence responses, as participants might not remember past
CPR and AED training events accurately. Additionally, of-
fering compensation introduces economic bias, with a possible
effect on the responses given. Furthermore, the unique ob-
stacles posed by geographic isolation in different rural areas
might limit the generalizability of our results. The lack of
comparative data from urban schools within BC further limits
our ability to place the findings within a broader context of
provincial disparities in education and healthcare access.

Conclusion

Significant disparities exist in AED installation and student
CPR training, with inconsistent implementation across rural
BC schools. Frequently reported barriers to implementing this
training include lack of funding, lack of curricular priority, time
constraints, and limited resources. Strategies to overcome bar-
riers include leveraging technology for virtual training,
increasing community awareness, and fostering collaborative
initiatives. Our study provides valuable preliminary insights
into the current state of CPR and AED training in rural BC
schools. These findings are vital for informing future public-
health policies and optimizing cardiovascular emergency
responsiveness in rural educational settings. To build on these
insights, further research should aim to enhance scientific rigor,
by utilizing larger sample sizes and addressing potential biases.
A more comprehensive and methodologically robust study will
further inform effective strategies to improve OHCA outcomes
across both rural and urban settings, thereby elevating the
standard of cardiac care and preparedness in underserved areas.
Acknowledgements
The authors thank the principals and vice-principals who

participated in this study.
Ethics Statement
The Research Ethics Board at the University of British

Columbia Faculty of Medicine approved this study (H16-
00044).
Patient Consent
Before participation in this project, respondents read a

study description and provided consent.
Funding Sources
The study was funded by a grant from the Rural Health

Services Research Network of BC (RHSRNbc). The funders
had no role in the study design, data collection, analysis, or
interpretation, in the writing of the report, or in the decision
to submit the article for publication.
Disclosures
The authors have no conflicts of interest to disclose.

References

1. BC Emergency Health Services. Cardiac arrest annual report 2019/2020.
Available at: http://www.bcehs.ca/our-research-site/Documents/annual_
report_cardiac_arrest_2019-2020.pdf. Accessed July 5, 2023.

2. Buick JE, Drennan IR, Scales DC, et al. Improving temporal trends in
survival and neurological outcomes after out-of-hospital cardiac arrest.
Circ Cardiovasc Qual Outcomes 2018;11:e003561.

3. Heart and Stroke Foundation of Canada. Saving lives. Available at:
https://www.heartandstroke.ca/en/what-we-do/our-impact/saving-lives/.
Accessed May 15, 2024.

4. Statistics Canada. Population growth in Canada’s rural areas, 2016 to
2021. Available at: https://www12.statcan.gc.ca/census-recensement/
2021/as-sa/98-200-x/2021002/98-200-x2021002-eng.cfm. Accessed
May 16, 2024.

5. Provincial Health Officer. Province of British Columbia. 2019 annual
report: taking the pulse of the population: an update on the health of
British Columbians. Available at: https://www2.gov.bc.ca/assets/
gov/health/about-bc-s-health-care-system/office-of-the-provincial-health-
officer/reports-publications/annual-reports/pho-annual-report-2019.pdf.
Accessed July 5, 2023.

6. Northern Health Authority. N2 network of networks. Available at:
https://n2canada.ca/member/northern-health-authority/. Accessed July 5,
2023.

7. Connolly MS, Goldstein JP, Currie M, et al. Urban-rural differences in
cardiac arrest outcomes: a retrospective population-based cohort study.
CJC Open 2021;4:383-9.

8. Al Assil R. Abstract 12639: the disparities of gender-based out of hospital
cardiac arrest characteristics and outcomes: comparing rural to urban
Vancouver Island. Circulation 2021;144(Suppl 1):1-12639.

9. Allan KS, Jefkins TT,O’Neil E, Dorian P, Lin S.Mandating training is not
enough: the state of cardiopulmonary resuscitation and automated external
defibrillator training in Ontario schools. CJC Open 2021;3:822-6.

10. Jennings PA, Cameron P, Walker T, Bernard S, Smith K. Out-of-hos-
pital cardiac arrest in Victoria: rural and urban outcomes. Med J Aust
2006;185:135-9.

11. Marijon E, Narayanan K, Smith K, et al. The Lancet Commission to
reduce the global burden of sudden cardiac death: a call for multidisci-
plinary action. Lancet2023;402:883-936.

12. Office of the Seniors Advocate, British Columbia. Resourceful and
resilient: challenges facing B.C.’s rural seniors. Available at: https://www.
seniorsadvocatebc.ca/osa-reports/resourceful-and-resilient-challenges-facing-
b-c-s-rural-seniors/. Accessed April 15, 2024.

http://www.bcehs.ca/our-research-site/Documents/annual_report_cardiac_arrest_2019-2020.pdf
http://www.bcehs.ca/our-research-site/Documents/annual_report_cardiac_arrest_2019-2020.pdf
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref2
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref2
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref2
https://www.heartandstroke.ca/en/what-we-do/our-impact/saving-lives/
https://www12.statcan.gc.ca/census-recensement/2021/as-sa/98-200-x/2021002/98-200-x2021002-eng.cfm
https://www12.statcan.gc.ca/census-recensement/2021/as-sa/98-200-x/2021002/98-200-x2021002-eng.cfm
https://www2.gov.bc.ca/assets/gov/health/about-bc-s-health-care-system/office-of-the-provincial-health-officer/reports-publications/annual-reports/pho-annual-report-2019.pdf
https://www2.gov.bc.ca/assets/gov/health/about-bc-s-health-care-system/office-of-the-provincial-health-officer/reports-publications/annual-reports/pho-annual-report-2019.pdf
https://www2.gov.bc.ca/assets/gov/health/about-bc-s-health-care-system/office-of-the-provincial-health-officer/reports-publications/annual-reports/pho-annual-report-2019.pdf
https://n2canada.ca/member/northern-health-authority/
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref7
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref7
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref7
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref8
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref8
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref8
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref9
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref9
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref9
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref10
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref10
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref10
https://www.seniorsadvocatebc.ca/osa-reports/resourceful-and-resilient-challenges-facing-b-c-s-rural-seniors/
https://www.seniorsadvocatebc.ca/osa-reports/resourceful-and-resilient-challenges-facing-b-c-s-rural-seniors/
https://www.seniorsadvocatebc.ca/osa-reports/resourceful-and-resilient-challenges-facing-b-c-s-rural-seniors/


Khatib et al. 1247
CPR and AED Training in Rural BC Schools
13. Liang LD, Chan TCY, Leung KHB, et al. Utilization and cost-
effectiveness of school and community center AED deployment models
in Canadian cities. Resuscitation 2022;172:194-200.

14. Liang LD, Leung KHB, Chan TCY, et al. Pediatric and adult out-of-
hospital cardiac arrest incidence within and near public schools in
British Columbia: missed opportunities for systematic AED deployment
strategies. Resuscitation 2022;181:20-5.

15. Wissenberg M, Lippert FK, Folke F, et al. Association of national ini-
tiatives to improve cardiac arrest management with rates of bystander
intervention and patient survival after out-of-hospital cardiac arrest.
JAMA 2013;310:1377-84.

16. Blewer AL, Ho AFW, Shahidah N, et al. Impact of bystander-focused
public health interventions on cardiopulmonary resuscitation and sur-
vival: a cohort study. Lancet Public Health 2020;5:e428-36.

17. Lindner TW, Søreide E, Nilsen OB, Torunn MW, Lossius HM. Good
outcome in every fourth resuscitation attempt is achievabledan Utstein
template report from the Stavanger region. Resuscitation 2011;82:
1508-13.

18. Böttiger BW, Bossaert LL, Castr�en M, et al. Kids save livesdERC position
statement on school children education in CPR: "Hands that
helpdtraining children is training for life.". Resuscitation 2016;105:A1-3.

19. Bohn A, Lukas RP, Breckwoldt J, Böttiger BW, Van Aken H. ‘Kids save
lives’: why schoolchildren should train in cardiopulmonary resuscitation.
Curr Opin Crit Care 2015;21:220-5.

20. Vetter VL, Griffis H, Dalldorf KF, et al. Impact of state laws: CPR ed-
ucation in high school. J Am Coll Cardiol 2022;79:2140-3.

21. Stroobants J, Monsieurs K, Devriendt B, et al. Schoolchildren as BLS
instructors for relatives and friends: impact on attitude towards bystander
CPR. Resuscitation 2014;85:1769-74.

22. Meissner TM, Kloppe C, Hanefeld C. Basic life support skills of high
school students before and after cardiopulmonary resuscitation training: a
longitudinal investigation. Scand J Trauma Resusc Emerg Med 2012;20:
31.

23. Lund-Kordahl I, Olasveengen TM, Lorem T, et al. Improving outcome
after out-of-hospital cardiac arrest by strengthening weak links of the local
Chain of Survival; quality of advanced life support and post-resuscitation
care. Resuscitation 2010;81:422-6.

24. Isbye DL, Meyhoff CS, Lippert FK, Rasmussen LS. Skill retention in
adults and in children 3 months after basic life support training using a
simple personal resuscitation manikin. Resuscitation 2007;74:296-302.

25. Lorem T, Palm A, Wik L. Impact of a self-instruction CPR kit on 7th
graders’ and adults’ skills and CPR performance. Resuscitation 2008;79:
103-8.

26. Schroeder DC, Finke SR, Grübl T, Jänig CW, Böttiger BW. Education
of schoolchildren in cardiopulmonary resuscitationdoverview of the
current literature. Curr Opin Crit Care 2023;29:616.

27. Aschieri D, Penela D, Pelizzoni V, et al. Outcomes after sudden cardiac
arrest in sports centres with and without on-site external defibrillators.
Heart 2018;104:1344-9.

28. Drezner JA, Toresdahl BG, Rao AL, Huszti E, Harmon KG. Outcomes
from sudden cardiac arrest in US high schools: a 2-year prospective study
from the National Registry for AED Use in Sports. Br J Sports Med
2013;47:1179-83.

29. Hainline B, Drezner J, Baggish A, et al. interassociation consensus
statement on cardiovascular care of college studenteathletes. J Athl Train
2016;51:344-57.
30. Mackin B. Why don’t more B.C. schools have life-saving defibrillators?.
Available at: https://www.nsnews.com/highlights/why-dont-more-bc-
schools-have-life-saving-defibrillators-7912830. Accessed December 15,
2023.

31. Kronick SL, Kurz MC, Lin S, et al. Part 4: systems of care and
continuous quality improvement: 2015 American Heart Association
guidelines update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation 2015;132(18 Suppl 2):S397¼413.

32. Fisher L. A guide to the rural physician programs in British Columbia.
Available at: https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/
rural-guide.pdf. Accessed July 8, 2023.

33. Rural Coordination Centre of British Columbia. Joint Standing Com-
mittee on Rural Issues. Available at: https://rccbc.ca/joint-standing-
committee-programs/. Accessed May 17, 2024.

34. Freeman GH, Halton JH. Note on an exact treatment of contingency,
goodness of fit and other problems of significance. Biometrika 1951;38:
141-9.

35. Mathiesen WT, Bjørshol CA, Kvaløy JT, Søreide E. Effects of modifiable
prehospital factors on survival after out-of-hospital cardiac arrest in rural
versus urban areas. Crit Care 2018;22:99.

36. Smith A, Masters S, Ball S, Finn J. The incidence and outcomes of out-
of-hospital cardiac arrest in metropolitan versus rural locations: a sys-
tematic review and meta-analysis. Resuscitation 2023;185:109655.

37. British Columbia’s BC’s Curriculum. Outdoor education 11. Available
at: https://curriculum.gov.bc.ca/curriculum/physical-health-education/
11/outdoor-education. Accessed January 22, 2023.

38. Hansen CM, Zinckernagel L, Ersboll AK, et al. Cardiopulmonary
resuscitation training in schools following 8 years of mandating legislation
in Denmark: a nationwide survey. J Am Heart Assoc 2017;6:e004128.

39. Hart D, Flores-Medrano O, Brooks S, Buick JE, Morrison LJ. Cardio-
pulmonary resuscitation and automatic external defibrillator training in
schools: “Is anyone learning how to save a life?”. Can J Emerg Med
2013;15:270-8.

40. Li ZH, Heidet M, Bal J, et al. Regional variation in accessibility of
automated external defibrillators in British Columbia. CJEM 2024;26:
23-30.

41. Alanazy ARM, Wark S, Fraser J, Nagle A. Factors impacting patient
outcomes associated with use of emergency medical services operating in
urban versus rural areas: a systematic review. Int J Environ Res Public
Health 2019;16:1728.

42. Baker R. Paramedic shortages still plague B.C. rural areas, but remedies
may be in the works. Available at: https://www.coastmountainnews.com/
news/paramedic-shortages-still-plague-b-c-rural-areas-but-remedies-may-
be-in-the-works-5679872. Accessed May 29, 2024.

43. Khan L, Kawano T, Hutton J, et al. The association of extreme envi-
ronmental heat with incidence and outcomes of out-of-hospital cardiac
arrest in British Columbia: A time series analysis. Resusc Plus 2024;17:
100560.

44. Li P, Milkovic A, Morley P, Ng L. Outcomes of medical students
training schoolchildren of ages 13e18 in cardiopulmonary resuscitation:
a systematic review. Resusc Plus 2023;16:100463.
Supplementary Material
To access the supplementary material accompanying this

article, visit CJC Open at https://www.cjcopen.ca/ and at
https://doi.org/10.1016/j.cjco.2024.07.006.

http://refhub.elsevier.com/S2589-790X(24)00285-3/sref13
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref13
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref13
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref14
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref14
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref14
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref14
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref15
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref15
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref15
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref15
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref16
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref16
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref16
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref17
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref17
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref17
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref17
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref17
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref18
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref18
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref18
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref18
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref18
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref18
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref19
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref19
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref19
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref20
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref20
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref21
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref21
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref21
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref22
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref22
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref22
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref22
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref23
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref23
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref23
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref23
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref24
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref24
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref24
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref25
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref25
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref25
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref26
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref26
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref26
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref26
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref27
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref27
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref27
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref28
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref28
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref28
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref28
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref29
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref29
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref29
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref29
https://www.nsnews.com/highlights/why-dont-more-bc-schools-have-life-saving-defibrillators-7912830
https://www.nsnews.com/highlights/why-dont-more-bc-schools-have-life-saving-defibrillators-7912830
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref31
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref31
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref31
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref31
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref31
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/rural-guide.pdf
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/rural-guide.pdf
https://rccbc.ca/joint-standing-committee-programs/
https://rccbc.ca/joint-standing-committee-programs/
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref34
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref34
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref34
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref35
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref35
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref35
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref36
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref36
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref36
https://curriculum.gov.bc.ca/curriculum/physical-health-education/11/outdoor-education
https://curriculum.gov.bc.ca/curriculum/physical-health-education/11/outdoor-education
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref38
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref38
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref38
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref39
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref39
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref39
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref39
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref40
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref40
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref40
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref41
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref41
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref41
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref41
https://www.coastmountainnews.com/news/paramedic-shortages-still-plague-b-c-rural-areas-but-remedies-may-be-in-the-works-5679872
https://www.coastmountainnews.com/news/paramedic-shortages-still-plague-b-c-rural-areas-but-remedies-may-be-in-the-works-5679872
https://www.coastmountainnews.com/news/paramedic-shortages-still-plague-b-c-rural-areas-but-remedies-may-be-in-the-works-5679872
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref43
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref43
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref43
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref43
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref44
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref44
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref44
http://refhub.elsevier.com/S2589-790X(24)00285-3/sref44
https://www.cjcopen.ca/
https://doi.org/10.1016/j.cjco.2024.07.006

	Short Survey on Cardiopulmonary Resuscitation and Automated External Defibrillator Training in Rural British Columbia Schoo ...
	Materials and Methods
	Study design
	Survey design
	Survey implementation
	Statistical analysis

	Results
	Demographics and study population
	AED installation and training
	CPR training

	Discussion
	Current state of AED and CPR training
	Strategies to implement CPR education in schools, and future directions
	Limitations
	Conclusion

	Acknowledgements
	Ethics Statement
	Patient Consent
	Funding Sources
	Disclosures
	References
	Supplementary Material


