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A B S T R A C T

Background: Rapid public defibrillation with automated external defibrillators (AEDs) is critical to improving out-
of-hospital cardiac arrest survival. Concerns about AED theft and vandalism have led to implementing security
measures, including locked cabinets. This scoping review, conducted as part of the evidence review for the In-
ternational Liaison Committee on Resuscitation, explores the impact of securing AEDs in locked cabinets.
Methods: Searches of Medline, Embase, Cochrane, CINAHL (from database inception to 25/5/2024) and Google
Scholar (first 200 articles). Studies of any type or design, published with an English abstract, examining the
impact of locked AED cabinets were included. The included studies were grouped by outcomes, and an iterative
narrative synthesis was performed.
Results: We screened 2,096 titles and found 10 relevant studies: 8 observational studies (4 published as con-
ference abstracts) and 2 simulation studies. No study reported patient outcomes. Studies reported data on be-
tween 36 and 31,938 AEDs. Most studies reported low rates (<2%) of theft/missing/vandalism, including AEDs
that were accessible 24/7. The only study comparing unlocked and locked cabinets showed minimal difference in
theft and vandalism rates (0.3% vs. 0.1%). Two simulation studies showed significantly slower AED retrieval
when additional security measures, included locked cabinets, were used. A survey of first responders reported
half (25/50) were injured while accessing an AED that required breaking glass to access.
Conclusion: The limited literature suggests that vandalism and the loss of AEDs are rare and occur in locked and
unlocked cabinets. Research on this topic is needed that focuses on real-life retrieval and patient outcomes.

Introduction

Out-of-hospital cardiac arrest (OHCA) outcomes remain poor, with
most reported survival rates in treated patients less than 10 %.1 Rapid
defibrillation is critical to improving patient outcomes, as each minute
of delay in attempting defibrillation reduces the chances of survival and
good functional outcomes.2,3 Automated external defibrillators (AEDs)
are portable, easy-to-use devices intended for use by laypersons and first
responders. Patients who receive defibrillation from bystanders have the
greatest chance of survival,4 yet public rates of AED use are usually
below 3 %.1 Ensuring AED accessibility to rescuers is essential for
maximising their effectiveness, with a study in Denmark showing a

tripling of bystander defibrillation and an almost doubling of survival
when the nearest AED was accessible at the time of OHCA.5

Ensuring an AED’s accessibility and 24/7 availability during emer-
gencies poses significant challenges.6–9 Concerns about theft, vandalism,
and misuse of AEDs have led to the implementation of security mea-
sures, including the use of locked cabinets to house these devices in
public areas.10–12 Field visits to AED locations, as recorded in registries
or apps, have shown high proportions of AEDs in key-locked cabinets in
some regions.13 While locked cabinets aim to protect AEDs, they may
also cause delays in AED access during emergencies. Given the lack of a
comprehensive review on this approach, this topic was prioritised by the
Basic Life Support (BLS) Task Force of the International Liaison
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Committee on Resuscitation (ILCOR) for investigation.
To address this gap, a scoping review was chosen to broadly explore

the extent of the literature, identify the types of evidence available, and
inform the development of more focused research questions that could
later be addressed in a systematic review. By mapping the current state
of evidence, this review seeks to identify both the challenges and po-
tential benefits associated with locked AED cabinets and to highlight
gaps in current knowledge. The primary research question of this
scoping review is what is known in the literature about the impact of
locked AED cabinets on the protection, accessibility and effectiveness of
AEDs.

Methods

This scoping review followed the Joanna Briggs method14 and the
ILCOR process for evidence review,15,16 including a prespecified plan
approved by the ILCOR BLS Task Force (Supplementary materials 1).
The reporting followed the PRISMA scoping review guidelines (Check-
list available in the Supplementary materials 2).17

Eligibility criteria

Studies of any type or design (e.g., experimental, observational,
qualitative, conference abstracts, letters to the Editor) that were pub-
lished with an English abstract and examined the impact of locked AED
cabinets were included. Studies examining the accessibility of AEDs in
locked buildings were not included. Any outcome, including AED out-
comes (e.g. AED use, time to AED use, AED vandalism or theft) were
accepted. Systematic reviews were initially included to review reference
lists for missed studies. Authors of conference abstracts were contacted
where possible to ascertain whether full results were published. We also
contacted the authors of studies that reported rates of theft or vandalism
without details of security measures, and these studies were included if
any of the AEDs studied were contained in locked cabinets. Reports were
excluded if they reported 1) on the general accessibility of AEDs without
rates of theft or vandalism or 2) other outcomes (e.g. the results of
surveys of what was considered in the placement of an AED).

Information sources

A search of Medline, Embase, Cochrane, CINAHL and Google Scholar
(title search of first 200 articles for keywords) was performed from
database inception to May 25th 2024. The search strategy was devel-
oped with the assistance of an information specialistand included a
combination of keywords and phrases related to the topic, including:
“Automated External Defibrillator”, “AED”, “Locked cabinet”, “Public
access defibrillation”, “Emergency response”, “Sudden cardiac arrest”.
The Medline search is provided supplementary materials and the full
search is available from the authors. We also searched the reference lists
of related reviews and included papers for missed studies. Finally, we
searched the first 20 pages in Google Scholar (~200 titles performed on
July 17th 2024) and also examined the papers that cited the included
studies (as per Google Scholar search on July 25th 2024) for inclusion.

Title and full-text rscreening and assessments were performed using
COVIDENCE software. Two reviewers from the review team (GDP, CMS,
CV, JEB) independently screened titles and abstracts for inclusion, and
then assessed the full text of these studies against prespecified inclusion
criteria. Where the authors of this review were also authors of primary
papers, other review team members decided whether to include studies
and extracted the data. Disagreements were resolved by discussion. No
critical appraisal of individual sources was planned or performed.

Data charting process, items and synthesis

Data charting was iterative. After reading all of the included studies,
the studies were grouped by the outcomes. We present a narrative

synthesis to summarise the findings of the impact of locked AED cabinets
with or without other security measures. One reviewer (JEB) extracted
the data, which was then checked by two reviewers (LO and CMS). Due
to the small number of studies, which were mostly conference abstracts,
no piloting of data extraction was performed. Disagreements were
resolved by discussion or further adjudication from a fourth reviewer
(GDP). We extracted the following data from each included study:
publication type, study design andmethodology, population and setting,
years of the study, and key findings related to AED security and
accessibility.

Results

The literature search yielded a total of 2,096 titles, and 18 full-texts
were deemed relevant and reviewed (Fig. 1). Subsequently, ten articles
fulfilled our eligibility criteria and were included (nine found in the
database search18–26 and one from Google Scholar27). A review of the
systematic reviews, advisory statements,7 and the reference lists and
citing studies (Google Scholar) of included studies found no additional
study.

Characteristics of the included articles

A description of included studies is provided in Table 1. All included
studies were published after the year 2000. Studies were conducted in
the United States of America (USA),23 Canada,21,23 Australia,22 United
Kingdom (UK),25 Switzerland,24 Poland,19 South Korea,18 Singapore27

and Spain.26 Seven of the publications were retrospective observational
studies reporting rates of theft and vandalism,18–26 one paper reported
on harm to rescuers,27 and two papers were AED retrieval simulation
studies.18,19 Four papers were only published as conference
abstracts,23–26 two were letters to the Editor,20,22 and four were peer-
reviewed research articles.18,19,21,27 No study reported on the impact
of locked AED cabinets on patient outcomes.

AED theft and vandalism

Seven studies reported rates of AED theft and vandalism,20–26

although only two reported this data by whether the AED cabinets were
locked or unlocked.22,25 The number of AEDs examined in these studies
varied widely, ranging from 36 to 31,938 AEDs (Table 1). One study
surveyed public access defibrillation (PAD) programs in 51 cities in the
USA and reported AED theft and vandalism, but did not report the
number of AEDs within these programs or security measures.23 The
period studied was not reported in two studies, with the remainder
conducted between two to six years.

Overall rates of theft and/or vandalism in studies in which AEDs
were located in public spaces and accessible 24/7 ranged from 0% in
Spain27 to 1.8 % in Australia.22 A government-run public access defi-
brillation program in Spain, which reported 129 uses and no vandalism
to 508 AEDs located in public spaces, included a public AED awareness
campaign.26 A conference abstract from the USA about 36 AEDs, with
their access and security not described, reported one as stolen (3 %) and
one as ‘missing’ (3%).23 A study from Switzerland, published as a con-
ference abstract on 142 AEDs located in public spaces, reported no theft,
one AED with its battery detached, one episode of vandalism relating to
the earthing of the AED cabinet and one episode of graffiti.24 A four-year
follow-up of 1,716 AEDs placed in public and residential communities as
part of a trial in North America, reported 690 uses and 20 (1.3%) AED
thefts, with the majority of stolen devices removed from locked locations
(not described) as opposed to those kept unlocked and visible (exact
number not reported).21 This trial also reported no harm to rescuers
related to the AED.21 Another study surveying PAD programs in the
USA, reported low rates of theft (n=7) with AEDs stolen from a bike
trail, two police vehicles, and various publicly accessible buildings.20

Only one study, published as a conference abstract, compared locked
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and unlocked AED cabinets across the UK.25 This study of 31,938 AEDs
over a four-year period reported very low rates of theft and vandalism,
which were slightly higher when AEDs were in unlocked cabinets (0.3%
vs. 0.1%, p< 0.01) and in public locations compared to restricted access
locations (0.3% vs 0.1%, p = 0.003). Australian data reported in a letter
to the Editor examined 279 AEDs in unlocked cabinets in public loca-
tions (e.g. outside supermarkets, on main roads) and reported five (2%)
were stolen and two (<1%) were vandalised over a two-year period.22

Three stolen AEDs in this study were recovered through a tracking
device.

Accessibility

Two OHCA studies examined the delivery time of AEDs in locked
(including locked cabinets19) and unlocked sites.18,19 The South Korean
study conducted in-person surveys of 138 apartment complexes with
500 households or more where AED placement is mandatory.18 In these
complexes, 35.5% of AEDs were described as ‘locked’ and this was
associated with a longer estimated AED delivery time (times not pro-
vided, p < 0.001). While the delivery time calculation is poorly
described (e.g. no starting point is provided), it appears they added six
minutes to an estimated walking distance to the AED for locked cabinets.
The Polish study conducted a simulation at 78 buildings known to have

AEDs inside.19 Participants, who were blinded to the exact location of
the AED in the building, were asked to retrieve the AED from and back to
the main entrance of the building. The AED was located in open-access
cabinets for unrestricted use in 36 sites, the remainder required staff
assistance to retrieve either from locked or unlocked cabinets (detail
provided by authors). The median retrieval time was 96s (IQR 52–144),
with very wide ranges seen when staff assistance was required (esti-
mated IQR: freely accessible 20 to 250s; staff assistance 30–580s);
however, data comparing locked and unlocked AED cabinets were not
provided.

Harm associated with locked AED cabinets

An online survey of 88 first responders reported injuries sustained
during AED retrieval from locked cabinets in Singapore.27 There were 45
attempts to access an AED (40 were successfully retrieved and brought
to the cardiac arrest scene), with the majority (n=38) requiring breaking
glass to obtain a key to unlock the AED cabinet. Over half (n=24, 53%)
of the first responders surveyed reported sustaining injuries, with most
injured (62.5%) using body parts to break the glass. One injured
responder reported they would not be willing to access an AED in the
future as a result of the sustained injuries.

Fig. 1. The PRISMA flowchart.
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Discussion

AEDs are critical to improving OHCA survival rates, but their
availability and accessibility is likely to significantly impact their
effectiveness. We conducted a scoping review to identify literature
concerning the impact of additional security, specifically locked cabi-
nets, on AED accessibility and effectiveness. We identified a paucity of
research examining this issue, with most studies published as conference
abstracts or letters to the Editor, and thus were not peer-reviewed and
provided limited information on methods. The ten included studies
examined a broad range of outcomes, including rates of theft and
vandalism, harm to rescuers and accessibility. No study compared the
impact of locked versus unlocked cabinets on patient outcomes, and
none of the included studies mentioned that some AEDs may have been
taken for use in emergencies and not returned.

Overall, the reported rates of theft or vandalism were very low
(<2%), even when examined in highly accessible public locations, and
were reported in both locked and unlocked cabinets. In one study, most
of the stolen AEDs were recovered through the use of tracking devices.22

The evidence from two simulation studies conducted in Poland19 and
South Korea18 suggests that the location and security of AED cabinets
impacts the time to access them, although the presentation of these data
was very difficult to understand and interpret. Open access AEDs located
in public spaces had significantly shorter times to access than those that
needed keys or personnel to access them. This finding is important to
guide the location and ease of access of AEDs if they are to be easily
accessed for use in OHCA situations.

An ILCOR Scientific Statement published in 2022, which focuses on
optimising public access defibrillation, advises against using locked

cabinets.7 If locked cabinets are used, it recommends that instructions
for unlocking them be clear and ensure no delays in access. Although
further research is needed to understand the impact of locked AEDs on
patient outcomes, data from this scoping review supports these
recommendations.

Research gaps

Peer-reviewed research and human studies are needed on this topic,
particularly studies focusing on real-life retrieval and the impact of se-
curity strategies on delivery times, injuries to rescuers and patient
outcomes.

Limitations

Our scoping review has some limitations. We only included literature
from studies published in English, and our grey literature search was
limited to Google Scholar. We did not feel any additional benefit would
be gained in examining further grey literature (e.g., news, case or police
reports), as the underlying denominator of AEDs is not likely to be
reported.

Conclusion

Overall, the existing evidence suggests that theft and vandalism of
AEDs are rare occurrences and that they occur in both locked and
unlocked cabinets. Research is needed to explore the impact of locked
cabinets on delays in AED access, injuries to rescuers, and patient
outcomes.

Table 1
Study Characteristics of included studies.

Study Publication type
Study design
Study dates

Country Number of AEDs Results

Theft, vandalism and harm to rescuers of AEDs in locked or unlocked cabinets
Cheema
2022

Conference abstract
AED registry
2019–2022

United Kingdom 31,938 AEDs Vandalism/theft AEDs in locked cabinets vs unlocked AED cabinets
(0.34% vs. 0.12%, P < 0.01).
Vandalism/theft was lower in areas with restricted access AEDs
compared to public accessible AEDs
(0.07% vs 0.28%, P = 0.003)

Page 2024 Letter to the Editor
AED Registry
2022–2023

Australia 279 AEDs in public locations and in
unlocked cabinets

Theft AEDs in unlocked cabinets (1.8%) vandalism (n=2, <1%). Three
stolen AEDs were recovered through the tracking device.

Yu 2022 Online survey first
responders

Singapore 50 attempts to retrieve an AED Injuries were sustained by 24 first responders while breaking glass to
access AED. AEDs were successfully retrieved in 45 cases.Injury
impacted on 1 responder’s willingness to retrieve an AED in the future.

Theft or vandalism of AEDs when locked or unlocked cabinets were not detailed
Benvenuti
2013

Conference abstract
not described
2008–2012

Switzerland 142 AEDs in public locations No theft.One report of tampering with an AED battery
(0.7%) and two reports of tampering with cabinets (1.4%).

Brugda
2014

Conference abstract
not described

Spain 508 in public spaces with 24-hour
access

No reports of theft.

Ludgate
2012

Conference abstract
not described 2012

USA 36 AEDs 1 (3%) reported stolen 1 (3%) reported as missing

Peberdy
2005

Peer-reviewed paper
AEDmonitoring as
part of RCT
2000–2003

USA and Canada 1,716 AEDs in public and multi-
family residential facilities.

20/1716 (1.3%) thefts (the “majority” of stolen devices were removed
from locked locations as opposed to those kept unlocked and visible)

Salerno
2019

Letter to the Editor
Survey PAD program
2015–2018

32 cities in USA with
an AED registry

Unknown 9 cases of AED theft were reported in 7 different cities. No reports of AED
vandalism

AED delivery time related to accessibility
Uhm 2008 Survey of AED sites South Korea 233 AEDs in 138 apartment

complexes (included AEDs in locked
and unlocked cabinets)

Estimate delivery time of an AED was significantly longer in AEDs that
were in locked locations (times not provided, p < 0.001), 49
(35.5%) apartment complexes had their AEDs locked away for safe
keeping with insufficient notice regarding the keys

Telec 2018 Simulation at AED site Poland 78 AED sites (included AEDs in locked
and unlocked cabinets)

Delivery time of AED was significantly longer in AEDs that were
required assistance of a staff member for AED access compared to those
with freely accessible: median 42 s (IQR 12–49) vs. 0 s (IQR 0–0) (p <

0.001)
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