
249Acta Cardiol 2015; 70(3): 249-254 doi: 10.2143/AC.70.3.3080628

Address for correspondence:

Paul Calle, MD, PhD, 
Kortrijksesteenweg 1026, B-9000 Ghent, Belgium.
E-mail: paul.calle@ugent.be

Received 6 January 2015; accepted for publication 24 February 2015.

INTRODUCTION

Automated external defibrillators (AEDs) placed in 
public locations and used by lay rescuers can save lives 
of cardiac arrest victims1-3. Far-reaching guidelines state 
that appropriate locations for public access AEDs are 
(1) sites where cardiac arrest is expected to occur every 
five years, (2) sites without emergency medical services 
(EMS) response within five minutes and (3) facilities 
that serve high-risk people4. In accordance with the 
scientific evidence, many countries (including Belgium) 
adapted their legislation allowing lay people to buy and 
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use AEDs5. Consequently, more and more AEDs are 
purchased by local authorities, private companies and 
sports clubs. This quickly expanding worldwide phe-
nomenon raises questions about cost-effectiveness6. 

Schools are among the sites where AED projects are 
often advocated, and sometimes even obliged by law5,7,8. 
In this manuscript we analysed the feasibility and cost-
effectiveness of AED projects in Belgian schools with 
students from 6 to 18 years old. Since there is no Belgian 
registry on cardiac arrest, and hence no accurate Belgian 
data on incidence and outcome exist, we extrapolated 
the figures from international data.

METHODS

In this paper, we try to estimate the cost-effectiveness 
of AED placement in all Belgian schools. The estimation 
is based on a literature review on the incidence of cardiac 
arrest with shockable rhythms, the feasibility and 
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involved spectators, coaches or officials at the time of 
an official game12.

In four other studies less detailed (but concurrent) data 
were found. In Takatsuki City (Japan, 360 000 inhabitants 
and 1 112 cardiac arrests between 1999 and 2004) only 
four cases occurred in 700 schools13. In the multicentre 
North American Cardiac Arrest Registry to Enhance 
Survival (CARES) database of 30 603 cardiac arrests, 
47 occurred in schools (excluding universities) of which 
only 16 among students. VF was the presenting rhythm 
in 27 cases (57%) 14. In abstracts from the Ontario Pre-
hospital Advanced Life Support (OPALS) study (survey-
ing a population of about 3 million people in Canada with 
1 641 elementary and secondary schools) 23 cases were 
reported to have occurred in schools over a 5-year period 
with only two cases in children (age 11 and 15 years)15. 
A survey in American high schools during the 2001-02 
academic year revealed two cardiac arrest cases among 
164 000 students and one among 8 500 teachers16.

From all these data, we assumed for Belgian schools 
(where there is less focus on sports training and com-
petition as compared to American schools) an incidence 
of 0.20 VF/VT cases per 100 000 students per year. We 
extrapolated that, for every student suffering from VF/
VT, there will be three adults (i.e. less than in American 
studies because Belgian schools, in contrast to American 
schools, are not involved in large sport events). For the 
sake of simplicity, no differences between age groups of 
students, and between school staff and visitors were 
assumed. 

Feasibility and eff ectiveness of defi brillation by 
on-site AEDs in schools

The key to success for defibrillation is a minimal 
delay between collapse and shock delivery (combined 
with high-quality basic life support). This implies a 
witnessed collapse, recognition of cardiac arrest, an AED 
available at the patient’s side within three minutes and 
an accurate use of the device17,18. When implementing 
an AED programme, the school management should 
deal with several issues:

 – the strategic location of the devices (i.e. at least one 
per 250 meters) and a comprehensive alert system 
to get the device as well as a trained rescuer at the 
patient’s side at all times and within the shortest 
delay possible, 

 – AED training and retraining sessions (at least once 
a year) for a sufficiently high number of individu-
als who are likely to be in the vicinity of a collapsed 
person, 

 – a high percentage of students and staff able to 
recognize a cardiac arrest case, to start CPR and 
to alert AED-trained rescuers, 

 effectiveness of defibrillation and the survival rate. This 
information was coupled to a rough estimation of the 
minimal costs to initiate an AED project, allowing school 
policy makers to make an evidence-based decision.

RESULTS

Incidence of cardiac arrest with a shockable 
rhythm in schools

In a registry from Seattle/King County (USA) 
between 1990 and 2005, Lofti et al. found 97 non-trau-
matic cardiac arrest cases in 641 schools7. There were 
12 cases among students: four between 3 and 11 years 
of age, two between 12 and 14 years, two between 15 
and 18 years, and four university/college students. An 
additional 33 arrests occurred among faculty and staff, 
45 among adults not employed by the school and 
7 among adults with indeterminate school association. 
The overall incidence of cardiac arrest in students was 
0.18 per 100 000 per year (with no significant differences 
between age subgroups). The estimated incidence among 
faculty and staff was 4.51 per 100 000 persons per year, 
i.e. about 25-fold greater compared with students. For 
the large group of unaffiliated persons the school-based 
incidence could not be estimated. The first registered 
rhythm was ventricular fibrillation (VF) or ventricular 
tachycardia (VT) in 76% (78/97). Six of the 12 cases in 
students occurred in the setting of physical exertion.

In Osaka (Japan) 34 non-traumatic cardiac arrests 
occurred between 2005 and 2009 in 1934 schools 8. There 
were 14 cases among students. The incidence (per 
100 000 students per year) was 0.23: 0.16 for elementary 
schools, 0.08 for junior high schools, 0.64 for high 
schools and 0.17 for universities. Among school faculty 
and staff there were only 3 cases, i.e. an incidence of 0.51 
per 100 000 persons. For the 17 collapsed visitors the 
incidence could not be calculated. The first registered 
rhythm was VF/VT in 71% in the 14 students and 65% 
in the 20 non-students. Physical exercise was presumed 
to be related to the collapse in 57% of the students and 
in 30% of the non-students.

In 2011, Tennessee Secondary School Athletic Asso-
ciation member schools (USA) were surveyed regarding 
on-campus cardiac arrest cases within the last five years. 
Twenty-two cases were identified: 6 students and 
16 adults. For students, the incidence could be calcu-
lated: 0.66 per 100 000 students per year9,10. Similarly, 
Toresdahl et al. calculated from the National Registry 
for AED use in Sports (USA) the incidence (per 100 000 
per year) of sudden cardiac arrest among high-school 
students on school campus: 0.31 in student non-athletes 
and 1.14 in student athletes (with 1.73 in boys and 0.31 
in girls)11. In this registry, 14 of 22 cases in adults 
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et al. identified 36 cardiac arrest cases between December 
2006 and July 2007: 14 among students athletes, 22 among 
older non-students (mean age of 57 years) and none among 
student non-athletes. VF/VT was presumed in 30 of the 
36 cases12. Survival to hospital discharge was 64% in both 
students and non-students (9/14 and 14/22, respectively). 
For VF/VT cases with known intervention times, the time 
from arrest to the first shock by an on-site AED ranged 
from 30 to 195 seconds (with 17 survivors among 
23 patients). In the two cases only treated with an EMS 
defibrillator, the time intervals from arrest to the first shocks 
were 660 and 690 seconds; nevertheless both patients sur-
vived12. Updated data (from August 2009 to July 2011) from 
this registry revealed that 85% of students (22/26) and 61% 
of adults (20/33) survived to hospital discharge. Of the 
39 cases where a shock was delivered on-site, 34 (87%) 
survived. Survival was 80% if the school supplied the AED 
used in the resuscitation versus 50% if the defibrillator was 
brought to the patient by responding off-site EMS20.

In the CARES registry, the survival rate among 
school-related cardiac arrest cases was 32% (15/47). Of 
particular interest are the survival data in the 11 VF/VT 
cases in schools equipped with AEDs: 50% (4/8) in cases 
with AED use and 67% (2/3) in cases without AED use14.

With regard to the importance of early bystander CPR 
and early defibrillation in VF/VT cases, some rules of 
thumb may be used: (1) survival rate may be as high as 
75% if defibrillation is performed within 3 minutes of the 
collapse, and (2) for every minute delay in defibrillation 
the survival rate decreases by 10-12% in the absence of 
bystander CPR and by 3-4% when bystander CPR is 
provided17. This implies that for an individual VF/VT 
patient with an appropriate bystander response (including 
alert of the EMS dispatch centre and CPR) the magnitude 
of the survival benefit from an on-site AED largely 
depends on the EMS intervention interval. As the mean 
EMS intervention interval in Belgium is 7 minutes and 
assuming that it would take on average 2 minutes to bring 
an on-site AED to the collapsed patient, this 5-minute 
difference would account for a decrease in survival rate 
of 15-20% if CPR is performed immediately and accu-
rately, and 50-60% if no CPR is performed. 

From these data, we assume for Belgium that VF/VT 
victims in a school with a well-organized AED pro-
gramme may yield a survival rate of 75%, versus 30% in 
schools without on-site AEDs. 

Extrapolation to Belgian schools

In Belgium (population of 11.2 million), there are 
about 2 million students in the age groups from 6 to 
18 years. With the assumptions described above, one 
may expect 16 VF/VT cases in schools annually: 4 in 
students and 12 in adults (school staff and visitors). If all 

 – the development of a team for monitoring and 
maintaining the AEDs.

Several authors report on survivors related to school-
based AED programmes (see below), thereby illustrating 
that AED use by lay people in schools is feasible8,11,12,14,19.

Regarding its effectiveness, we found no study thor-
oughly assessing a school-based AED programme. There-
fore, it is not exactly known how often (and why) an 
on-site AED was not used in a cardiac arrest case, how 
often (and why) unacceptable delays occurred before 
shock delivery, and how often AED use in patients with 
a non-shockable rhythm had deleterious effects. Only 
from the CARES registry, some detailed information has 
been collected via structured telephone interviews of 
school staff. Of the 19 cases with an AED present at the 
school, the device was not used in 8 cases. In four of these 
cases an explanation was reported: delayed recognition 
of cardiac arrest due to seizure activity (n = 2) or agonal 
breathing (n = 1), and a collapse after the school day with 
bystanders being unaware of the nearby presence of an 
AED14. Indicative figures on effectiveness were also found 
in two surveys on cardiac arrest in American high schools 
with an on-site AED: an AED was not applied in at least 
3 of 59 cases in the National Registry for AED use in 
Sports, and in 4 of 11 cases from Tennessee10,20. Of inter-
est in the Osaka Project is the finding that in only 5 of the 
8 VF/VT cases on whom AED pads were applied, a shock 
was delivered by the bystanders8. No explanation was 
given for the omission of AED use or shock delivery by 
the bystanders in both studies8,10,20.

From these studies, we assume that for Belgian 
schools the on-site AED may be used timely and accu-
rately in 75% of VF/VT cases and that the remaining 
25% are to be treated with an EMS defibrillator. For the 
sake of simplicity and in the absence of data, we did not 
consider deleterious effects of inappropriate AED use 
in collapsed patients with a shockable or non-shockable 
rhythm.

Survival benefi t from AED projects in schools

As survival after VF/VT is also possible with only 
EMS defibrillation, definite proof of a survival benefit 
by school-based AEDs may only be obtained via well-
controlled prospective studies12. Until the results of such 
high-quality trials are available, insight has to be 
obtained from surveys and observational, non- controlled 
studies. From a theoretical point of view, the difference 
in time from collapse to defibrillation with a school 
campus-based AED versus an EMS defibrillator can also 
be used to calculate the survival benefit for each indi-
vidual VF/VT case17.

From a survey in American high schools participating 
in the National Registry for AED use in Sports, Drezner 
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low incidence and the high costs to set up a school-based 
AED programme7-16,19,20. In this respect it should be stressed 
that the purchase, the proper placement across the campus 
and the maintenance of AEDs are only one element; at 
least as important (and costly and labour-intensive) to 
achieve is the capability at all times to recognize cardiac 
arrest, to immediately and accurately summon help, to 
start basic CPR and to use the AED appropriately18. Indeed, 
many AED projects (as well in public places as among 
professional rescuers) reveal suboptimal results attributed 
to flaws regarding the location, accessibility and mainte-
nance of the devices, as well as the awareness, knowledge 
and training of the caregivers22-25.

Furthermore, it should be stressed that the results 
described above are subject to several limitations.

First, our calculations on outcome are based on many 
assumptions and extrapolations. As most studies were per-
formed in North America and Japan (i.e. countries with 
divergent educational systems and EMS systems, and dif-
ferences in prevalence and incidence of cardiac diseases), 
various results may be found if similar studies are to be 
repeated in Belgium. Furthermore, many data originate 
from surveys with an incomplete response rate. Therefore, 
selection and recall bias cannot be excluded. There are also 
some parameters with insufficient data: neurological status 
in survivors, quality of basic CPR and accuracy of AED use.

Second, the validity of the estimate of costs is also limited 
by many assumptions. Especially the numbers of devices 
and trainees per location, and the input of volunteers and 
granting organisations may vary a lot among public access 
AED projects. In our view, however, the discussion about 
funding is largely redundant as money (irrespective of the 
source) may only be spent once. Indeed, governmental 
authorities and private foundations donating AEDs to 
schools may not support other projects (e.g. concerning 
tobacco, alcohol, illicit drugs, bullying and unsafe sex) that 
-in the long run- may save many more lives. 

Third, we measured the benefit of a school-based 
AED programme only via the additional number of 
survivors among people present on the campus. Indeed, 
the benefit could be increased by using school-based 
AEDs also outside the campus. Obviously, this implies 
a comprehensive emergency plan for the local commu-
nity (and additional costs). Another beneficial spin-off 
effect of AEDs on school grounds may be a more accu-
rate response by students and school staff whenever 
confronted with a collapsed person outside the campus.

Fourth, we were only able to estimate costs per life 
saved. However, the best way to analyse the cost-effec-
tiveness of a particular health care intervention uses 
costs per quality-adjusted life year (QALY), with pro-
posed cut off values varying from 30 000 to 100 000 US 
dollars per QALY4,6,26. Important to note for AED 
 projects in schools is the opportunity to save youngsters 

schools would have AEDs there may be 10.2 survivors: 
9 in the 75% benefiting from the AED project (with 75% 
survival rate) + 1.2 in the 25% not benefiting from the 
AED project (with 30% survival rate). If there are no 
on-site AEDs, there would be 4.8 survivors (i.e. 30% 
survival rate in 16 patients). Consequently, AED projects 
in all Belgian schools may save 5.4 patients annually.

Costs of school-based AED projects

Costs mainly involve AED purchase or lease (includ-
ing adjuncts such as pads, batteries and protective 
boxes), maintenance of the devices, insurances and 
training and retraining of school staff. Via an internet 
search, estimates for Belgium can be made21. AED and 
adjuncts cost 1 500 to 2 500 EUR (without taxes). Annual 
expenses are a theft/damage insurances fee of 100 EUR 
and maintenance costs of 100 EUR. AEDs can also be 
rented from about 40 EUR per month. Costs for the 
initial training vary from 35 to 87 EUR per person, or 
from 225 to 600 EUR for group sessions. Re-training 
sessions should be held at least once a year and cost 
about 50% of the initial training. 

Important additional factors to calculate the total costs 
of an AED project, are the number of trainees and AEDs 
required on the campus, and a need for reimbursement of 
trainees (volunteer work versus salaried activity). In this 
respect, the Belgian Red Cross recommends training 10% 
of employees, and international guidelines suggest a maxi-
mum time to defibrillation goal of 3 minutes. Finally, efforts 
to develop, distribute and drill a comprehensive emergency 
plan (including an effective communication system and a 
rapid response team) may also have a price tag18.

According to the above mentioned data, a rough 
estimate of the minimal costs to initiate an AED project 
with only one device and 10 trained staff members per 
school is 3 000 EUR, to be combined with a yearly recur-
ring minimal cost of 400 EUR. With an estimated life 
expectancy of 10 years for AEDs, the 10-year costs are 
at least 6 600 EUR or 660 EUR per year. As there are 
about 6 000 schools in Belgium, a national AED project 
in all schools would imply an annual cost of at least 
3 960 000 EUR, resulting in 5.4 lives saved. 

A similar analysis from Canada in 2004 concluded 
that per cardiac arrest (both students and adults) the 
costs average 1 426 967 US dollars15.

DISCUSSION 

Our literature survey shows that AED use in schools is 
feasible and effective. Therefore, the placement of these 
devices in all Belgian schools is undoubtedly to be consid-
ered8,11,12,14,19. The major counterarguments are the very 
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 feasible and may save a few lives annually in Belgium 
under the condition of a well-designed and comprehen-
sive emergency plan. Our review may fuel the discussion 
about whether or not school-based AED projects rep-
resent good value for money and should be preferred 
above other locations for public access AEDs and other 
health care interventions. 
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who may survive for more than 50 years. This may jus-
tify the high costs of placing AEDs in all Belgian schools 
provided that at least one student survives annually 
without significant neurological deficit. 

Fifth, the incidence of cardiac arrest on school cam-
puses may change substantially over time. On the one 
hand, the incidence may increase as the retirement age 
for teachers rises or sport facilities are shared more 
extensively with the community. On the other hand, the 
incidence may decrease when an efficient nationwide 
screening programme for cardiac diseases among chil-
dren would be implemented, or when campaigns about 
recognition of pre-arrest symptoms become successful.

CONCLUSION

Our mathematical model based on literature data 
indicates that school-based AED programmes are 
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