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Abstract

Out-of-hospital cardiac arrest is a global public health issue experienced by ~3.8 million people annually. Only 8% to 12% survive to hospital dis-
charge. Early defibrillation of shockable rhythms is associated with improved survival, but ensuring timely access to defibrillators has been a signif-
icant challenge. To date, the development of public-access defibrillation programs, involving the deployment of automated external defibrillators into
the public space, has been the main strategy to address this challenge. Public-access defibrillator programs have been associated with improved
outcomes for out-of-hospital cardiac arrest; however, the devices are used in <3% of episodes of out-of-hospital cardiac arrest. This scientific state-
ment was commissioned by the International Liaison Committee on Resuscitation with 3 objectives: (1) identify known barriers to public-access
defibrillator use and early defibrillation, (2) discuss established and novel strategies to address those barriers, and (3) identify high-priority knowledge
gaps for future research to address. The writing group undertook systematic searches of the literature to inform this statement. Innovative strategies
were identified that relate to enhanced public outreach, behavior change approaches, optimization of static public-access defibrillator deployment
and housing, evolved automated external defibrillator technology and functionality, improved integration of public-access defibrillation with existing
emergency dispatch protocols, and exploration of novel automated external defibrillator delivery vectors. We provide evidence- and consensus-
based policy suggestions to enhance public-access defibrillation and guidance for future research in this area.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a time-sensitive, life-
threatening emergency that occurs millions of times every year.'
Data from countries around the world with emergency medical ser-
vices (EMS) in place suggest a global average of 82.1 EMS-
attended OHCAs per 100 000 people per annum. Ten percent
(range, 6%—22%) of people who experience OHCA can expect to
survive with a favorable neurological outcome.? The probability of
survival after OHCA can be markedly increased if immediate car-

* This article has been co-published in Circulation.
https://doi.org/10.1016/j.resuscitation.2021.11.032

diopulmonary resuscitation (CPR) is provided and an automated
external defibrillator (AED) is used.>* Ventricular fibrillation (VF)
and pulseless ventricular tachycardia (pVT) are amenable to defibril-
lation but deteriorate to nonshockable rhythms over time. The
chances of survival from cardiac arrest fall rapidly for every minute
that defibrillation is delayed.>” Median response time intervals for
professional EMS responders after a call for help are often >6 min-
utes, even in developed urban settings with optimized EMS. The
vision of the International Liaison Committee on Resuscitation
(ILCOR) is “saving more lives globally through resuscitation.” If this
vision is to be realized, more patients must receive the benefit of
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early defibrillation. The objectives of this scientific statement are to
identify known barriers to public-access AED use, discuss both
established and novel strategies to address those barriers, and iden-
tify high-priority knowledge gaps to be addressed by future research.

Methods

This scientific statement was commissioned by ILCOR. Members of
the writing group were selected for their expertise in public-access
defibrillation and to establish broad representation from member
councils around the world. The statement was coordinated through
a series of teleconference meetings and online collaboration from
September 2018 through January 2020. The writing group agreed
on the overall scope and identified author groups to lead the devel-
opment of individual sections. The section leaders undertook a ser-
ies of literature searches relevant to the scope of their section.
They used MEDLINE and Embase, with hand searching of reference
lists in all citations identified. They completed all original database
searches between October and December 2018 or later, with supple-
mentation of the original searches if section authors learned of more
recent citations during the writing process. Policy suggestions and
critical knowledge gaps are highlighted in the text.

Background

Automated external defibrillators
The introduction of defibrillation into clinical practice is credited to
Claude Beck, MD, who, in 1947, performed open-chest defibrillation
during surgery on a 14-year-old boy, who survived.'® Paul Zoll, MD,
and colleagues followed with the introduction of closed-chest defibril-
lation in 1956,"" and the first out-of-hospital defibrillator was used in
an ambulance in Ireland in 1966 by Frank Pantridge, MD.'? These
early defibrillators were bulky machines designed to be operated
by health care professionals in a hospital setting. It took decades
for defibrillator technology to evolve in such a way that the device
became portable and could feasibly be used by laypeople. When
these devices were placed in public settings with the goal of having
laypeople use them on people who experience sudden cardiac
arrest, the concept of public-access defibrillation was born.

AEDs were first made available for public use in the 1980s
(Fig. 1). AEDs are automated in that they can independently analyze
a patient’s cardiac rhythm. They are external in that electrode pads
associated with an AED are placed on the chest, in contrast to inter-
nal defibrillation facilitated by implantable cardioverter defibrillators.
They are defibrillators in that they pass an electric current across
the myocardium to depolarize muscle and convert a dysrhythmia
back to a normal sinus rhythm.'®

Many AEDs today are compact and user-friendly. Once powered
on, many have voice and visual prompts guiding the user to attach
the adhesive electrode pads to the chest of an unconscious person.
Once the pads are connected, some devices have voice prompts
that guide the user in CPR. Some devices can provide feedback
on the quality of the CPR provided. At appropriate points in the
CPR algorithm, AEDs automatically analyze the patient’s cardiac
rhythm. AEDs use proprietary algorithms to detect VF and pVT."”
When tested against rhythm libraries, they function reasonably well
in the diagnosis of VF and pVT, with a sensitivity of >95% and a
specificity of 95%.'%1°

13-15

In addition to analysis of the rhythm, AEDs provide defibrillation
to terminate VF and pVT. If the device detects VF or pVT, it can deli-
ver a shock either automatically or by instructing the rescuer to press
a button. Initially, monophasic shock waveforms were used, but all
current AEDs use biphasic waveforms, which more predictably termi-
nate VF. VF termination with a single shock is now seen in 90% with
biphasic shocks.?°?% All current AEDs use repeated single shocks in
their algorithms rather than multiple sequential, or stacked, shocks.
AEDs have evolved over time to include many more features than
just automated rhythm detection and defibrillation. Most AEDs
designed for public use include auditory and visual cues to guide
the user through the steps of CPR and defibrillation. Some devices
also include sensors to measure various aspects of CPR quality,
including compression depth, recoil, and rate.?**® The data from
these sensors give users real-time feedback on the quality of the
CPR being provided, and many store these data for later review.
Many AEDs facilitate download of resuscitation data, including the
ECG and CPR quality measures; some of the newest models can
transmit these data over the internet via Wi-Fi or cellular connection.
Several manufacturers have developed software that accepts data
downloaded from the AED to create a debriefing report that is suit-
able for clinical, research, or quality assurance purposes.?” Electro-
cardiographic data from the AED may document the earliest rhythm,
contribute to the diagnosis of cause, and suggest treatments (eg,
implantable cardioverter defibrillator).?®

Most contemporary AED algorithms involve pausing chest com-
pressions to facilitate an undistorted electrocardiographic signal for
the machine to analyze. This is problematic because chest compres-
sion pauses are associated with poorer outcomes.”>*° Some
devices now include technology to allow analysis of the cardiac
rhythm while CPR is ongoing.®' Improvements in technology have
reduced charging times and included algorithms to facilitate charging
during chest compressions, resulting in a shortened preshock
pause.®?

Public-access defibrillation

Public-access defibrillation is the use of AEDs in the community by
members of the public to facilitate bystander resuscitation and early
defibrillation. Early public-access AED programs involved the place-
ment of static AEDs in high-traffic public spaces (eg, airports,®>>*
sporting grounds,® casinos36) and in places where EMS response
is often delayed (eg, aircraft),***" along with the provision of basic
life support education to employees. Observational studies report rel-
atively high survival rates for those experiencing OHCA defibrillated
at these locations.®**®*” There were no incidents of inappropriate
shocks or injuries to employees. Early success with this type of
strategy prompted implementation in other locations such as subway
systems,*® government buildings,>® and large public events (eg,
marathons)*® and to a wider range of rescuers. Most contemporary
public-access AED programs continue to deploy static AEDs.
Oversight and management of these programs is heterogeneous,
with some being managed by municipal government, some by
EMS, some by fire departments, and some by other types of
organizations.

Effectiveness of public-access AED programs

The ILCOR “2015 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science With
Treatment Recommendations” recommends the implementation of
public-access AED programs.*'*> Only 1 randomized controlled trial
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A short history of defibrillation

The AED is invented

The modern AED was invented.
The concept was to use sensors
to automatically detect ventricular
fibrillation and administer

the necessary electrical shock.

1967

Defibrillation on a human
Paul Zoll performed the first
closed-chest defibrillation

on a human.

1954

Defibrillation is born
Claude Beck performed the first
successful open-chest defibrillation
on a 14-year-old boy experiencing
ventricular fibrillation during

one of his surgeries.

AEDs go public

Casinos, airports, sports stadiums
and many more locations introduce
publicly accessible AEDs.

1978

Defibrillation gets mobile
Professor Frank Pantridge introduced
the pioneering concept of bringing
emergency coronary care to patients.

1956

Closed-chest defibrillation
The first closed-chest defibrillation
was successfully performed on a dog
by William Kouwenhoven and William
Milnor.

1947

Fig. 1 - A short history of defibrillation. AED indicates automated external defibrillator.

has evaluated the impact of a public-access AED program involving
laypeople. The PAD trial (Public Access Defibrillation), published by
Hallstrom et al*® in 2004, was a cluster randomized controlled trial
involving 993 community units (eg, shopping malls, recreation cen-
ters, hotels, apartment complexes) in the United States and Canada.
Community units were randomly assigned to either a CPR-only
response system or a CPR-plus-AED system. Volunteer responders
in each community unit were trained in CPR, and each site devel-
oped an emergency response plan. Community units randomized
to the AED group were supplied with static AED units, and volunteers
were trained in AED operation. There were 135 definite cardiac
arrests during the 21-month study period. The addition of AED train-
ing resulted in greater AED use (34.4% versus 1.9%) and shorter

times to first rhythm assessment (average, 2.7 minutes faster).
The use of AEDs increased survival to hospital discharge (30 sur-
vivors of 128 arrests versus 15 of 107; risk ratio, 2.0 [95% ClI,
1.07-3.77]; P =0.03). Functional status at hospital discharge did
not differ among survivors in treatment groups as measured by the
Cerebral Performance Category.*®

Systematic reviews on the effectiveness of bystander AED use
have been published.***> For example, Holmberg and colleagues®®
identified 44 observational studies comparing bystander AED use
with no bystander AED use in regard to clinical outcomes for patients
with OHCA. Meta-analysis of 6 observational studies without critical
risk of bias demonstrated that bystander AED use was associated
with increased odds of survival to hospital discharge (all rhythms
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odds ratio, 1.73 [95% ClI, 1.36—2.18]; shockable rhythms odds ratio,
1.66 [95% CI, 1.54—1.79]) and favorable neurological outcome (all
rhythms odds ratio, 2.12 [95% CI, 1.36-3.29]; shockable rhythms
odds ratio, 2.37 [95% ClI, 1.58-3.57]).*° The number needed to treat
ranged from 10 (95% ClI, 7-19) to 30 (95% ClI, 19-60) for all rhythms
and 9 (95% ClI, 7-10) to 18 (95% CI, 15-22) for shockable rhythms,
depending on baseline survival.

The same systematic review identified 10 studies with reasonable
quality exploring the cost-effectiveness of public-access AEDs.
Seven of the 10 estimated a cost-effectiveness ratio of <$100 000
(US dollars in 2016) per quality-adjusted life-year. When AEDs are
placed at locations with high footfall or population density such as air-
ports, large aircraft, and casinos, cost-effectiveness estimates have
ranged from US $30 000 to $50 000 per year of life saved.*®*” Esti-
mates were found to be heavily influenced by the incidence of car-
diac arrest in the population studied, the estimate of public-access
AED effectiveness used in the study, and the rate of actual use of
AEDs when available. A more recent study, not included in the Holm-
berg systematic review, used a societal perspective and model
inputs based on a review of the literature.*® An incremental cost-
effectiveness ratio of US $53 797 per quality-adjusted life-year for
public-access AED programs was calculated, consistent with other
cost-effective health care interventions.**° Innovative strategies
that guide bystanders to the AED location and increase the probabil-
ity of device use are expected to improve the cost-benefit ratio of
public-access AED programs.

Underuse of public-access AEDs

Unfortunately, public-access AEDs are rarely used during OHCA.
Overall, <3% of OHCAs have an AED applied before EMS
arrival.*”® AEDs are more likely to be used in public settings com-
pared with a private residential setting (15.3% versus 1.3%).%"' The
“chain of public-access AED,” conceptualized by Ringh and col-
leagues,” identifies points on the pathway between collapse and
AED use where potential barriers exist (Fig. 2).

Innovative approaches to public-access
defibrillation

In the 4 decades since public-access defibrillation was first con-
ceived, many lives have been saved. An analysis from the Resusci-
tation Outcomes Consortium estimated that on the basis of current
use, ~474 lives are saved every year in Canada and the United
States alone.” In this study, only 2.1% of people experiencing OHCA
had the advantage of AED application before EMS arrival. The
potential public health benefits to be gained from increased AED
application rates are substantial. The identification of knowledge
gaps and viable new strategies to increase early defibrillation should
guide our future work. It is unlikely that any individual strategy for
improving public-access defibrillation will be sufficient. Rather, we
propose a multilayered approach aimed at improving various steps
on the pathway from cardiac arrest occurrence to early defibrillation
and successful resuscitation (Fig. 3). Next, we identify specific barri-
ers to early defibrillation for patients who experience OHCA, innova-
tive approaches to address those barriers, and critical knowledge
gaps to guide future research.

Improving early detection of cardiac arrest
Recognition of cardiac arrest is a critical first step toward successful
retrieval and use of an AED. Most cardiac arrests, however, occur in
a residential setting, where they often go unwitnessed. With no
opportunity for early CPR or defibrillation, death is almost certain.
Innovative technology applications such as wearables (eg, cloth-
ing, watches), smart speakers, and machine learning could be used
to minimize the occurrence of unwitnessed and untreated cardiac
arrest. The latest iterations of consumer wearable devices have
rhythm detection capability. Coupled with other sensors and capabil-
ities in these devices—including location awareness, accelerome-
ters, and photoplethysmographs—remote alerting of bystanders or
EMS when sensors suggest that a cardiac emergency is occurring
(eg, heart rate of 0 or >250 bpm, acceleration-deceleration event [a

Recognition of OHCA by bystander/EMDC?

l Yes
L AED available on-site?
l Yes
No Bystander aware of AED location?
X l Yes
Yes

AED retrieved by mobile bystander?

> Bystander willing/able to use AED?

l Yes

AED operational?

l Yes
Shockable rhythm (VF/pVT)?

Fig. 2 - Flowchart for use of AEDs: chain of public-access defibrillation. AED indicates automated external
defibrillator; EMDC, emergency medical dispatch center; OHCA, out-of-hospital cardiac arrest; pVT, pulseless

ventricular tachycardia; and VF, ventricular fibrillation. Reproduced from Ringh et a

1°2 with permission from John

Wiley & Sons Inc. Copyright © 2018, the Association for the Publication of the Journal of Internal Medicine.
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Innovative Approaches to
Public Access Defibrillation

Fig. 3 - A multifaceted approach to improving public-
access defibrillation in the future. AED indicates
automated external defibrillator; and OHCA, out-of-
hospital cardiac arrest.

fall] or zero motion, failure of the user to respond to prompts from the
device) becomes a possibility. Innovations in automated video anal-
ysis, smart speakers, and machine learning may lead to the develop-
ment of systems capable of “contactless” early cardiac arrest
recognition without the use of wearable sensors.

A recent study involving the review of cardiac arrest events cap-
tured on video (eg, security camera feed, personal recordings on
mobile devices, mass media footage) demonstrated that people
who experience sudden cardiac arrest tend to display stereotypical
behaviors.>®> Authors reviewed videos posted to online media-
sharing platforms and observed that people experiencing OHCA
often touched their face before transitioning from an upright position
to a horizontal position on the ground, followed by an absence of

movement. The application of machine learning, along with conven-
tional methods of video analysis such as background subtraction,
optical flow algorithms, motion detection, person tracking, and
behavior analysis, may support the development of systems able
to automatically detect medical emergencies and notify bystanders
and EMS.®® In another study using machine learning and sound sig-
nal processing, investigators developed a prototype contactless sys-
tem to detect agonal breathing. Their system was able to detect
agonal breathing with a sensitivity of 97.24% (95% CI, 96.86—
97.61) and a specificity of 99.51% (95% ClI, 99.35-99.67). Using
smart speakers and a mobile phone, they demonstrated a false-
positive rate of 0% to 0.22% over 164 hours of recorded sleep in
35 different bedrooms.>* Once fully developed, these systems could
automatically trigger an emergency response and facilitate timely
CPR and defibrillation for patients who experience OHCA without a
human witness.

Knowledge gap

We suggest the development and scientific evaluation of technology-
based strategies for early warning of impending cardiac arrest and
detection of cardiac arrest when it occurs to facilitate automatic trig-
gering of an emergency response and early defibrillation.

Improving public awareness and willingness to use
Public awareness of AED function and location is generally low.>®
Few laypeople considered using an AED when presented with simu-
lated or hypothetical cardiac arrest scenarios.”®°” Several other
studies have demonstrated that AED recognition and awareness of
function among laypeople are poor, ranging from 19% to 43%.°¢~%°
Most respondents in these studies did not know that AEDs were
intended for use by laypeople. In a nationally representative survey
from the United Kingdom, fewer than half were aware of the location
of the nearest AED.®°

Self-reported willingness to use AEDs is low across several stud-
ies.555969 L ow levels of willingness to use AEDs have been associ-
ated with a lack of awareness and training, a fear of causing harm,
and, less often, fears of legal liability.>®> Surveyed laypeople report
preferring to wait for experienced help to arrive rather than initiating
resuscitation themselves.’ Only 2% of survey respondents in a
study from Southampton, UK, could have integrated the essential
steps required for successful AED use, namely the knowledge of
AED function and location and the willingness to retrieve and use it.®

Training is consistently identified as a factor associated with
improved bystander awareness of AED function and location, along
with increased willingness to use an AED when required.> Several
factors, including prior training, awareness that AEDs provide voice
prompts to guide resuscitation, and knowledge that bystander inter-
vention cannot cause additional harm, were positively associated
with actual bystander CPR and AED use among interviewed wit-
nesses to real cardiac arrests.®® Significant variability exists in how
recommendations for AED training have been adopted both within
and across different countries and regions.®*°® In a recent UK sur-
vey, bystanders who received AED training in the 5 years before
the survey were >5 times as likely to use an AED as those having
no prior training.®® CPR training is more widespread than AED train-
ing.°® Media campaigns and initiatives to provide targeted informa-
tion about AEDs have shown short-term increases in reported
willingness to use an AED.>® AED training is an important factor in
multimodal programs designed to increase AED use. Initiatives,
including training, expansion of AED numbers, and development of
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a registry linked to emergency dispatch, were associated with an
increase in public-place bystander defibrillation in Denmark from
1.2% in 2001 to 15.3% in 2012, with a similar program in Victoria,
Australia, preceding an almost 11-fold increase in the use of AEDs
from 1.7% to 18.5% between 2002 and 2013.%"¢”

Using behavior change theory to increase AED use
The most successful behavior change interventions are those under-
pinned by established behavior change theories. A systematic
review of health campaigns in general found that few campaigns
used or reported established behavior change theories in planning
and evaluating interventions, but those that did were associated with
better outcomes.®® To date, most attempts to increase AED use
through public outreach have not involved strategies based on a
specific theoretical framework of changing human behavior.>"¢%~73
Some evidence suggests, however, that this approach may be help-
ful in the establishment of public-access defibrillation programs.”
The PAD trial showed that training and equipping volunteers to
attempt early defibrillation within a structured response system
increased the number of survivors to hospital discharge after OHCA
in public locations.*® A retrospective analysis of the program from a
social marketing perspective suggested that the observed improve-
ment of outcomes could have been further enhanced by an assess-
ment of the community awareness of the health problem and the
community’s willingness to change behavior before designing and
implementing social marketing programs for behavior change.”
Social marketing is an example of a theory-based behavior
change approach. Social marketing aims to have members of a tar-
get audience voluntarily change a particular behavior for the benefit
of individuals, groups, or society.®®”>7® Although a full review of
behavior change theory and frameworks is outside the scope of this
scientific statement, writing group members acknowledge that well-
recognized and validated approaches such as social market-
ing®®”>7¢ and the behavior change wheel”” are likely to optimize out-
comes of a public-access AED strategy implementation.

Policy suggestion

We suggest that a validated behavior change framework be used to
guide the development and implementation of interventions to
increase public-access defibrillation. We encourage the engagement
of experts in behavior change, implementation, or knowledge trans-
lation to guide program development.

Creating a culture of action through innovative methods of public
messaging

The US Institute of Medicine published a comprehensive report
called Strategies to Improve Cardiac Arrest Survival: A Time to
Act.”® This report identifies the need to develop and implement
“strategies to better educate members of the public about what car-
diac arrest is, how to identify it, and how to respond to it.” In the age
of the internet and social media, the opportunities for messaging are
limitless; however, more data are required to develop best practices.
In a scientific statement from the American Heart Association titled
“Use of Mobile Devices, Social Media, and Crowdsourcing as Digital
Strategies to Improve Emergency Cardiovascular Care,””® the
authors describe the American Heart Association’s success with past
social media education campaigns, including “Hands-Only CPR”
and “Call Fast, Call 9-1-1.” These campaigns were viewed by

hundreds of thousands of people, but the impact on behavior change
and OHCA outcomes is unknown.

Knowledge gap

We suggest research to guide the design, implementation, and
assessment of innovative public messaging strategies to increase
bystander CPR and AED use.

Global awareness days

Coordinated and promoted by ILCOR, the first annual World Restart
a Heart Day occurred on October 16, 2018.%° This day was designed
to draw the world’s attention to sudden cardiac arrest and the impor-
tance of bystander resuscitation. The vision for the day involves pub-
lic outreach, training events, and media events organized and
implemented by regional resuscitation councils, with ILCOR motivat-
ing the regional councils and supporting them with shared resources.
It is estimated that as a result of World Restart a Heart Day in Octo-
ber 2018, >67 000 people worldwide were trained in CPR. Events
included such activities as a hands-only CPR mobile tour; promo-
tional events and CPR training in schools, airports, bus stations,
and hospitals; and a social media awareness campaign.?’ The
importance of AED use in conjunction with CPR should be empha-
sized in future iterations of this event.

Engaging and empowering children

Although children are not the most likely demographic group to find
themselves in the position of being a bystander to cardiac arrest,
there is an opportunity to build a generation of global citizens who
can recognize cardiac arrest, perform CPR, and confidently use an
AED. Strategies aimed at children can promote CPR and AED use
as important safety skills, no different from the school-based educa-
tion currently delivered on other emergency situations such as fire,
natural disasters, and active shooters.

There has been a concerted effort by several national resuscita-
tion councils to increase CPR training in schools.®? Much of the work
to date has focused on teaching children about cardiac arrest and
CPR. The “Kids Save Lives” initiative has a demonstrated impact
in promoting training in school-aged children.®® The program was
launched in 2014 by the European Patient Safety Foundation, the
European Resuscitation Council, ILCOR, and the World Federation
of Societies of Anesthesiologists, with the intent of promoting resus-
citation training worldwide. The initiative recommends educating chil-
dren beginning at 12 years of age or earlier for at least 2 h/y.®* This
program has been broadly adopted across several European coun-
tries®®®” and is now also supported by the World Health
Organization.

Reported outcomes from various programs aiming to educate
children about cardiac arrest response are encouraging.®®°" A nota-
ble study from Denmark demonstrates that children can become vec-
tors for further knowledge translation after being trained.”®
Investigators distributed 35 000 home training kits, which included
inflatable resuscitation manikins, to schoolchildren. After training
the children, investigators encouraged them to take the kits home
and train as many people as they could. Through this mechanism,
an additional 17 140 individuals received training. This mechanism
could be explored to promote AED awareness and training.

Recently, legislation mandating CPR training in schools has been
approved in many US states and several European countries. More
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than 35 US states have signed on for implementation, and there are
efforts to reach all 50 states. Although AED training is not explicitly a
component of the CPR in Schools movement, it is being adopted as
a dual resuscitation package in some areas.®? After many years of
lobbying the government in the United Kingdom, the UK Resuscita-
tion Council and the British Heart Foundation announced that the
government has agreed to implement first aid and CPR training into
the curriculum for all primary and secondary school students in Eng-
land.? In addition, all school councils in Scotland agreed to establish
a “nation of lifesavers” and in 2019 launched efforts to ensure that
every secondary school graduate will have had CPR training.

Although this is a promising step, data from Denmark and
Canada suggest that legislation does not guarantee that training will
occur. The Denmark data suggest that even after 8 years of legis-
lated CPR education in schools there, most children do not receive
the training.°> Mandatory CPR training was legislated in Ontario,
Canada, in 1999. A survey of schools in that province conducted a
decade later found that only 51% of the schoolchildren were edu-
cated in CPR, and only 6% were educated in AED training.>* The
survey highlighted barriers to implementation despite the legislation.
Teachers reported that the mandated 4-hour CPR training course
was too long, too costly, and too difficult to fit into the already full
curriculum.

AED training for children was not included in most of the educa-
tion initiatives identified by our literature review. Available data sug-
gest that AED use by children as young as 11 years of age is
feasible.”® Teaching AED use in school could help demystify and
demedicalize AEDs at an early stage, increasing the chances of
AED recognition and use during an emergency later in life.

Knowledge gap
We suggest that future research be conducted to determine optimal
AED educational programs for schoolchildren.

We suggest that investigators measure long-term skill retention
and the probability of providing resuscitation in future cardiac arrest
events as key outcomes when evaluating educational programs.

Policy suggestion
We suggest that all future CPR training for children and adults
include the recognition and use of AEDs.

Addressing psychological barriers and injury

The bystander effect, in which a person is less likely to offer help to a
person when there are other people in the vicinity, has long been
thought to play a role in preventing bystanders from acting. Although
this effect has not been specifically investigated in the context of car-
diac arrest, some data suggest that it may be less pronounced in si-
tuations that are clearly recognized as emergencies or when
bystanders are known to one another.?® In an Australian survey of
willingness to perform CPR in a hypothetical scenario, a small per-
centage of respondents indicated that the presence of someone else
who could help would make them less likely to perform CPR.?” The
bystander effect as it relates to AED retrieval and use should be
directly addressed in public messaging and training.

Performing CPR and using an AED may be a distressing and
traumatic experience for lay rescuers. Bystanders involved in
OHCAs may experience ongoing psychological problems after the
event, including flashbacks and feelings of guilt if the patient died
or the outcome was unknown.’® A Canadian study analyzed the psy-
chological reactions of 15 lay rescuers after participating in real car-

diac arrest events.® Participants reported that despite being trained,
their emotional response at the time of the event limited their ability
to recognize cardiac arrest and act promptly. They also had difficul-
ties processing the event, reporting psychological sequelae such as
flashbacks or intrusive change to memories.

Some data suggest that the incidence of significant psychological
injury is fairly uncommon. The North American PAD trial, which
included 239 EMS-treated cardiac arrests, documented 4 volunteers
(<2%) who reported psychological stress requiring intervention.'® In
an online survey of 189 Dutch volunteer first responders who
attended a cardiac arrest, 41% perceived no/mild short-term psycho-
logical impact, 46% perceived a bearable impact, and 13% perceived
a severe impact.'®" None experienced symptoms related to posttrau-
matic stress disorder 4—6 weeks after performing bystander CPR.

Bystanders have reported that the presence of an AED and the
audio instructions provided by the device were calming influences
and facilitated good-quality CPR.®® Other studies suggest that prior
training may mitigate the stress of a resuscitation event.'® Receiv-
ing debriefing from trained medical personnel could help bystanders
cope with and reflect on the incident and improve confidence that
they could act again in the future.’®® One public-access AED pro-
gram managed by a paramedic service in Canada has created a
structured program called the Lay Responder Postarrest Support
Model, which includes 3 stages. Stage 1 is identifying and engaging
lay responders; stage 2 involves debriefing the lay responders; and
stage 3 involves follow-up and referral for professional support for
those lay responders exhibiting symptoms of posttraumatic stress
or other distress.'®® The impact of formal debriefing for lay bystan-
ders is unknown.

Knowledge gap

We suggest research to evaluate the effectiveness of different
bystander follow-up models with respect to bystander wellness, psy-
chological outcomes, and quality improvement.

Policy suggestion

We suggest that CPR and AED training programs directly address
potential psychological barriers to action during an OHCA. We sug-
gest that public-access AED programs implement a system of lay
responder follow-up to support bystander wellness and quality
assurance.

Addressing perceived and real legal barriers

Bystander concerns over legal and liability issues can negatively
influence bystander attitudes at the time of an emergency.>>”
57.66.104 |n 2006, the American Heart Association recommended
key components to improve public-access AED programs.'®® Among
13 suggested elements of a successful program were provisions for
civil liability protection for lay rescuers and those who provide
AEDs. %> Most US states offer immunity from civil liability under
Good Samaritan laws, although such laws differ in scope.'?¢%°
Seventeen US states mandate AED placement in schools, but
arrangements and funding to support the law are lacking in many
places.° Organizations can also be influenced by perceived liability
when planning for response to cardiac arrest emergencies. In one
survey, a US school refused to have an AED on site despite state-
level legislation requiring it to do so, citing liability concerns.”'® Some
initiatives at the federal level grant immunity from civil liability not only
to lay rescuers but also to AED device owners under certain
circumstances.'""
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The Chase McEachern Act in Ontario, Canada, protects from civil
liability the defibrillator user, the owner of the equipment, and the pre-
mises on which it is located, as well as health care professionals out-
side a health care facility.''? Other countries such as South Korea,
Taiwan, and Japan also have Good Samaritan laws that protect
bystander rescuers from civil liability when performing CPR or using
an AED.”"""3"1% |n the United Kingdom, the Social Action, Respon-
sibility, and Heroism Act 2015'"° is intended to protect individuals
who act in a responsible and heroic manner in the best interests of
society during an emergency. There is no information on its use in
case law related to a cardiac arrest event to date. In Australia, Good
Samaritan legislation protects volunteers and laypeople who assist
others. Although protective laws such as these are in place in several
jurisdictions, awareness and understanding of them among the pub-
lic are not known. More important, their effect on public-access AED
use is not known.

Knowledge gap
We suggest that future research determine the effect of legislation on
willingness to use and actual use of AEDs during OHCA.

Optimizing AED availability, reliability, and usability

Many factors can affect AED availability at the time of a cardiac
arrest. Key issues relate to the proximity of AEDs to cardiac arrest
events in the community, the ability of bystanders to locate the near-
est available AED at the time of an emergency in a timely manner,
and AED accessibility.

The importance of AED proximity to OHCA

People who experience OHCA with a nearby AED are 3 times more
likely to receive bystander defibrillation and twice as likely to survive
as those without an AED nearby."'®""” Unfortunately, AEDs are rarely
close enough for timely retrieval.''®"'® Data from various urban areas
have estimated that only 3% to 25% of OHCAs occur within 100 m of
an AED.""®7"23|n a study of 4169 cardiac arrest calls to the South Cen-
tral Ambulance Service, which serves both ruraland urban areas in the
United Kingdom, only 6% of the cardiac arrest locations during the day
and <2% of the cardiac arrest locations during the night were within
100 m of a registered AED."?* The problem of poor availability is com-
pounded by the fact that even when a registered AED is in close prox-
imity to a cardiac arrest, most go unrecognized and unused.'?*'**Ina
study from Copenhagen, AEDs were used 35.7% of the time when
arrests occurred immediately adjacent to the AED and only 13.7% of
the time when arrests occurred 200 m from the AED in a public set-
ting."" Fredman et al'®' observed 47 cases in which an AED was
available within 100 m of an OHCA; emergency dispatch notified call-
ers about the nearby AED in only 2 (4%) cases.

Despite the importance of ensuring proximity, the placement of
AEDs in the community has traditionally occurred in a haphazard
way. Placement decisions are often left to the owners of the AED
and are not coordinated centrally within a community. Many commu-
nities have AEDs in areas that are relatively low risk for OHCA while
leaving higher-risk areas unserviced.>*'"® 12> Although low-socioe-
conomic status communities are associated with a higher incidence
of OHCA,'?%"27 they are also associated with lower AED availabil-
ity,'?®12° pystander CPR,'*°"'%® and survival.'®*

Optimizing the geographic distribution of AEDs
We identified multiple publications demonstrating innovative data-
driven approaches to optimizing AED deployment. Several have

used geographic cardiac arrest data to guide AED placement.
For instance, density maps of OHCAs, which simply plot OHCA
locations on a map, can identify higher-risk locations for cardiac
arrest and optimal locations for AEDs. This technique has been
used to support effective urban coverage'®® and to identify rural
locations where a particular need exists.'*® Several investigations
have determined risk or comparative risk for cardiac arrest by
location or building type so that AED deployment can be prioritized
to those locations.5*1"8137=140 Qperations research techniques
such as optimization modeling have been used effectively to deter-
mine optimal sites for AED placement."'® These types of analyses
typically involve a mathematical model using a cardiac arrest data
set with arrest locations, current AED locations, and a set of con-
straints (eg, an arbitrary coverage range of AEDs, potential loca-
tions for future AEDs, number of new AEDs available for
placement). The output of such models can be used to assess
current AED deployment in terms of hot spot coverage, identify
optimal (as defined by constraints in the model) locations for
new AEDs, and test deployment strategies through simulation.
Using optimization modeling, Sun and colleagues'*' determined
that placing AEDs at high-visibility locations with 24-hour accessi-
bility such as coffee shops and automated teller machines (which
also tend to exist in high—population density areas) can signifi-
cantly improve AED availability. Optimization modeling may also
guide ideal positioning of AEDs within buildings. An analysis by
Chan'*? used optimization modeling to compare the placement
of AEDs servicing high-rise buildings in the lobby versus in an ele-
vator. The optimal placement depended on the risk of OHCA per
floor, the number of floors in the building, and the risk of OHCA in
the lobby, underground areas, and street-level areas.

Policy suggestion

We suggest coordinated, data-driven, regional strategies to optimize
deployment of AED resources on the basis of cardiac arrest risk and
site accessibility. We suggest that public-access AED programs pri-
oritize deployment of new defibrillators in locations deemed to be at
highest risk for the occurrence of cardiac arrest and underserved by
available AEDs. Determination of cardiac arrest risk should be
assessed with local cardiac arrest data if available.

Improving detection of shockable rhythms

Although rhythm library sensitivity and specificity are excellent, field
tracings are often not as clear and include CPR artifact, patient
movement, and poor adherence of the pads.'*® In one study, overall
sensitivity for coarse VF averaged across all AED brands tested
was >98% (lower 95% confidence bound, 98%), and specificity for
all nonshockable rhythms was 98% (lower 95% confidence bound,
>97%).'** Not all devices included in this analysis achieved >98%
sensitivity, however, and data from some defibrillators in the study
came from <5 shocks with the device. It should also be noted that
data in this study were derived from a limited number of device mod-
els; therefore, the results may not be generalizable to all AEDs,
including newer defibrillators available on the market today. Other
studies reporting sensitivities ranging from 84% to 91.2% suggest
that there is room for improvement in the algorithms that AEDs
use to detect shockable rhythms.'*>~'*” More sophisticated filtering
techniques are becoming available. Some have published data from
simulation studies’“® and real OHCA cases.'*° Machine learning and
neural networks may also improve diagnostic accuracy and could be
used to optimize future AEDs.'>°
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Knowledge gap

We suggest that future development of AED technology focus on
improving the diagnostic accuracy of VF and pVT detection algo-
rithms during cardiac arrest, both with and without CPR artifact.

Improving data transfer from AEDs to hospital-based health care
professionals

Patients treated with an AED who achieve return of spontaneous cir-
culation before EMS are on site often arrive at the hospital without
any data from the AED. In fact, the information that an AED shock
was given may be lost in the chain of communication to the treating
physician. Even if this fact is recognized by physicians, accepting an
AED shock as proxy for a shockable rhythm may be inaccurate, given
the (small) false-positive rate. Such cases, when information about
prehospital AED shocks and the ECG from the AED are omitted from
the medical record, may involve missed indications for an implantable
cardioverter defibrillator. Patients with primary arrhythmias are at risk
of recurrence of cardiac arrest.'®" Retrieval of the AED tracings from
the prehospital setting is challenging because of multiple barriers to
obtaining them. Heterogeneity in cable connectors and download soft-
ware programs across manufacturers means that downloads from the
prehospital setting are almost never accomplished.

Policy suggestion

We suggest that AED manufacturers develop a standardized pro-
cess for AED data retrieval to improve sharing with prehospital and
hospital-based health care professionals. Because of the critical
importance of this data in the clinical care of survivors, we suggest
that this feature be mandated by regulatory bodies.

Addressing human/computer interaction barriers

Improvements can be made to all aspects of AED design (casing,
controls, user prompts) to encourage successful use. Errors during
AED use are rare but are most commonly attributed to the interaction
between the operator and the device rather than to the device itself.
In a study of actual OHCA events, errors included continuing chest
compressions during AED analysis, failing to deliver a shock when
instructed by the machine, and removing the AED prematurely,
which prevented shock delivery.'** Simulation studies suggest that
fully automated AEDs (in which shock is delivered without the need
for the operator to press a button) increase operator safety’'®? and
compliance with AED instructions, reducing the time to successful
defibrillation.’®® In simulation studies, untrained bystanders were
often able to successfully deliver a shock,'** but device-specific dif-
ferences in design have been observed to affect the time required to
power on a device, the accuracy of AED pad placement, and whether
CPR was initiated after rhythm analysis.'>*°¢

Knowledge gap

We suggest that research be conducted to identify novel AED design
features that facilitate the proper use of AEDs by laypeople and
improve both the quality of resuscitation provided and the outcomes
for patients with OHCA.

Ensuring 24/7 access to resuscitation-ready AEDs

Many OHCAs occur outside normal working hours,'®” and many AEDs
are not available at these times.®>'2% 18 AED coverage decreases by
53% to 60% during the evening, nighttime, and weekends, '2%12%.124
which is when 61.8% of all cardiac arrests in public locations occur.'*®

Policy suggestion
We suggest that all AEDs be installed in locations with 24-hour
accessibility.

In making this suggestion, we acknowledge that there are costs
and practical considerations that may prevent some AED owners
from providing 24-hour access for the public. A public-access AED
with accessibility during some of the day is better than no public-
access AED at all; therefore, our suggestion should not deter
prospective owners from having one even if providing 24-hour public
access is not possible.

AEDs require regular maintenance to ensure 24/7 availability
because the units themselves have shelf lives, batteries and pads
must be replaced before their expiry dates, and AEDs not monitored
and routinely checked as recommended by the manufacturer may
lapse into disrepair. Published data from the US Food and Drug
Administration on AED adverse events demonstrated that 1150
failed defibrillation attempts were reported between 1993 and
2008."%° Of these, the unit gave a low-battery warning in 54 cases,
was never powered on in 37 cases, and failed to deliver a recom-
mended shock in 524 cases. Poorly maintained AEDs represent a
potential threat to life when these devices are required in an OHCA
situation. The quality of maintenance of AEDs in real-world settings
varies, with many not associated with any individual responsible for
maintenance (24%) or having no formal plans in place for mainte-
nance (18%) or replacement (24%).5%"¢°

Policy suggestion
We suggest that AEDs be checked regularly according to manufac-
turer instructions and be resuscitation ready at all times.

AED cabinets can support device readiness by ensuring AED
availability through device protection and facilitation of remote mon-
itoring to support device readiness. Various cabinets are available on
the market, ranging from boxes that simply hold the AED in place on
a wall to internet-connected devices with advanced antitheft technol-
ogy and environmental control. Some AED cabinets are weather-
proof and equipped with sensors for internal temperature and
humidity, along with thermostat-controlled heating elements. These
cabinets can store defibrillators in high-visibility outdoor settings in
a variety of climates. Some cabinets are internet connected, facilitat-
ing remote monitoring of AED-readiness status (eg, battery, pads),
internal climate (eg, temperature, humidity), and AED deployment.
These cabinets can send messages to owners or caretakers of the
AED when the AED is not ready, is outside the ideal operating tem-
perature or humidity range, or is removed from the cabinet. Some
cabinets and peripheral devices for AEDs are enabled with a global
positioning system and can trigger automated calls and 2-way voice
communication between the user and local emergency dispatchers.

Theft of AEDs is rare. In the PAD trial, of the 1716 community
AEDs deployed, only 20 were stolen over a period of ~3 years
(0.3% loss per year).'® In a more recent survey of public-access
defibrillation programs in 51 US cities, only 9 AED thefts were
reported.'®' Despite this low risk, many cabinets have antitheft fea-
tures. These include locks, audible alarms, automated photo capture
of the person removing the AED, and “break in case of emergency”
glass to deter frivolous access. Locked cabinets often have a keypad
requiring users to enter a numeric passcode before being granted
access. The prospective AED user either must know the keypad
code ahead of time (eg, private installations) or must call emergency
dispatch to learn the code. The magnitude of the impact of locked
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AED cabinets on the delay to defibrillation and clinical outcomes is
not known. It is reasonable to expect that locked AED cabinets might
introduce significant delay in accessing the defibrillator in an
emergency.

Policy suggestion

We suggest against the use of locked AED cabinets. If locked cabi-
nets are used, we suggest that simple instructions on how to access
the AED should be clearly visible on or near the cabinet. Every effort
should be made to minimize delay caused by the unlocking
procedure.

“Smart kiosks” are becoming commonplace, especially in urban
centers, and can be found in both outdoor and indoor environments.
They typically display information about the local setting, advertise-
ments, and public announcements on a video screen. Some smart
kiosks have such features as Wi-Fi hot spots, charging stations,
and emergency call support. Some communities use these kiosks
as locations for AEDs. These novel public utilities provide an excel-
lent opportunity to increase the visibility of the AED, increase public
engagement and education, and facilitate remote monitoring of the
AED to support security and readiness.

AED registration

OHCAs clustered at high-incidence sites constitute only a small per-
centage of all OHCAs.5*"'%? True onsite defibrillation is therefore a
relatively rare occasion,® such that it is usually necessary to transport
the AED to the scene of the arrest.''”'?* Because there is generally
no consistency in where AEDs are located in one community versus
the next, novel approaches to AED location intelligence, techniques
to improve wayfinding, guidance from emergency dispatch, and new
AED delivery vectors require consideration.

AED registries serve as the backbone of many novel solutions
developed to facilitate rapid identification of the nearest
resuscitation-ready AED in an emergency. AED registries, holding
information on location and accessibility, may facilitate AED retrieval
by enabling rapid identification of the nearest device.'®® Cataloging
the location of the device, along with other important information
such as battery status, AED expiry date, and the contact information
of the person responsible for that particular device, can facilitate
maintenance and successful use when required.

The coverage of an AED registry is likely to depend on the size
and health care setting of the region. There are a few examples of
national AED registries in smaller countries. The first national AED
registry was established in Denmark.''® Microsoft and the British
Heart Foundation recently announced a partnership to build a
national cloud-based registry of all AEDs in the United Kingdom
and to make these data available to all ambulance services in the
country.'®* This will complement other available national databases.

Registries have traditionally been developed and maintained by
organizations such as EMS agencies that play some role in placing
AEDs in the community. One challenge with AED registry develop-
ment has been ensuring that all AEDs in the community, not just
those placed by EMS agencies or regional authorities, are included.
If a registry is incomplete, any solutions using the registry data to
guide users to an AED in an emergency may not be guiding users
to the nearest AED."%® Several innovative applications of technology
aim to improve the completeness of AED registries. The MyHeart-
Map Challenge was a crowdsourcing innovation competition that
aimed to locate and map AEDs in Philadelphia.'®® This was a public
tournament to organize public reporting of AED locations. Participa-

tion was incentivized with a US $10 000 prize for the person who was
able to locate, photograph, and geotag the most AEDs in Philadel-
phia. During an 8-week time frame, 313 teams and individuals regis-
tered for the competition. Participants located 857 unique AEDs, 614
of which were not previously registered.

Mobile device applications (apps) such as GoodSAM (United
Kingdom)'®® and PulsePoint AED (United States)'®” can crowd-
source the development and maintenance of AED registries. Both
apps allow users to photograph AEDs and upload their locations
so that they can be verified and added to the local AED registry by
hosting EMS or public safety agencies. Some jurisdictions have
made AED registration mandatory through legislation in an attempt
to develop comprehensive AED databases. For example, a 2010
review of US AED legislation demonstrated that 30 states required
notification or registration of AEDs with state or local EMS authori-
ties.'% The effect of mandatory registration legislation on actual reg-
istration of AEDs, AED use, and patient outcomes, however, is not
known. In a study from Washington State, where state law mandates
AED registration, 13 of 22 (59%) OHCAs involving the application of
a public-access AED involved AEDs that were not previously regis-
tered with local EMS agencies.'®® Ensuring that registry data, includ-
ing AED location, remain valid over time is a challenge for current
and future registries. As the Internet of Things develops and internet
connectivity of AEDs, peripherals, and cabinets becomes more com-
mon, future registries may be able to incorporate real-time location
and status updates for registered AEDs.

Knowledge gap

We suggest that future system design innovations enhance connec-
tivity among AEDs, registries, emergency dispatchers, and potential
users so that real-time location and readiness data can be integrated
into the emergency community response.

Policy suggestion

We suggest that the location of all AEDs in a community be known to
the local emergency dispatch through the development of national,
regional, or local AED registries. We suggest that AED location
and status information be current and accessible to emergency dis-
patchers and available AED-locating systems such as mobile device

apps.

AED signage

Immediate identification of the nearest AED is of key importance to
shorten the delay to its retrieval and use during an emergency. Con-
temporary AED signs are heterogeneous, with significant variability
in coloring, iconography, and other aspects of design. Several pub-
lished surveys have demonstrated limited understanding of the
meaning of many AED signs in current use.**'®*"'"" In an effort to
address this heterogeneity and poor recognition, ILCOR formed an
international working group to develop an AED sign with the intent
to encourage global uptake and universality. The primary purpose
of the sign was to indicate the presence of an AED with high visibility
and easy recognition from a distance. The ILCOR sign was devel-
oped and tested for understanding according to the specifications
of the International Organization for Standardization 3864-3 and
9186—1. The results of this evaluation have not been published in
a peer-reviewed journal but are included as a supplemental appendix
here (Supplemental Appendix 1). The large abbreviation with the
meaning of “Automated External Defibrillator” can be customized
with local language to enhance understanding. This sign was
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adopted and endorsed by the general assembly of ILCOR in 2008
(Supplemental Appendix 2).

In the United Kingdom, new signage developed with public con-
sultation was found to support understanding of the function of
AEDs, and survey respondents perceived that the sign encouraged
AED use.'”" It is unknown whether one type of sign versus another
is associated with different probability of AED use.

As of 2020, two-thirds of AEDs have no signage at their location.
Almost none have peripheral signage at a distance from the AED that
could guide rescuers to its location.'”* Regardless of sign character-
istics, poor placement, and suboptimal visibility of signs, even in
high-use areas, there is a documented limitation with current deploy-
ment of AED signs.'”? It is not known which configuration of signs in
the environment around an AED is optimal.

On the basis of opinion, the writing group achieved consensus
that having a universal AED sign, adopted broadly around the world,
should be pursued and could improve recognition and effectiveness
of the sign. However, the writing group could not achieve consensus
on suggesting broad adoption of the current ILCOR-endorsed sign or
any other specific design. Some members felt that a suggestion to
broadly implement the current ILCOR sign could have beneficial
effects through a reduction in design heterogeneity and an improve-
ment in global recognition. Others felt that this scientific statement
should not include a recommendation for any specific design in the
absence of evidence to suggest superiority of one design over
another.

Knowledge gaps

Future research should identify signage characteristics, designs, and
deployment strategies that maximize the probability of AED identifi-
cation and retrieval by members of the general public.

We suggest that the current ILCOR-endorsed AED sign design,
adopted in 2008, be revisited to ensure that it is consistent with con-
temporary International Organization for Standardization standards
and develop an evidence base for effectiveness against alternative
designs.

Policy suggestions
We suggest the following:

After reassessment and evaluation of the current ILCOR sign and
alternative designs, ILCOR should work to implement a universal
evidence-based and International Organization for
Standardization—compliant AED sign that promotes recognition and
successful retrieval of AEDs around the world.

There is insufficient evidence to suggest one AED sign over
another.

Regardless of the signage used, signs should be visible where
the AED is stored and within the presumed operational radius of
the AED (with a minimum of 200 m).

Signage should indicate the direction and distance to the AED.

Signage should be a sufficient size to be identifiable from a dis-
tance of at least 50 m (requiring lettering of ~12 cm in height).

The AED cabinet should be illuminated at night, and, whenever
possible, exterior signs should have supplementary lighting or at
least be made of photoluminescent material.

Signage should be properly maintained; we suggest that all signs
associated with the AED be inspected at the same time that the AED
undergoes its routine checks (at least annually).

Mobile apps for AED retrieval

Global positioning system—equipped mobile devices with advanced
computing capabilities have become ubiquitous. The evolution of
the personal mobile device has provided new opportunities to
improve public-access defibrillation. Some apps are passive, with
AED locations simply overlaid on digital mapping software such as
Google Maps. These apps allow users to locate all AEDs within a
registry on the map, when required. Research to date suggests that
these types of passive AED map apps may have a limited impact on
improving AED retrieval. In a simulation study from Quebec, Canada,
researchers found that a passive AED mapping app improved time to
AED retrieval compared with having no guidance at all but was not as
effective as verbal instructions from an emergency call taker.'”® In
another simulation study from Japan, a passive AED mapping app
did not improve time to AED retrieval.'”*

Other, more sophisticated systems are able to link networks of
community volunteers with local emergency dispatch centers to facil-
itate AED retrieval, bystander CPR, and AED use. Many EMS sys-
tems are now using mobile phone text messages or notifications
through apps, sent to lay responders and off-duty health care profes-
sionals within a predetermined distance of a suspected OHCA to
encourage bystander CPR and AED use before ambulance arri-
val.166:167.175-179 The |ocation of registered mobile phone users
can be instantly identified by a mobile phone positioning system.'®°
Subsequent integration with AED registries enables dispatch of lay
or professional responders to suspected OHCA and AEDs nearby.
Some apps have advanced functionality, including just-in-time CPR
instruction and capabilities for video linking with dispatch.'®® These
systems have some variability in methodology, but there are univer-
sal aspects. The systems are triggered by certain emergency call cri-
teria, either automatically or through action by the emergency call
taker. The location of the arrest is compared with the location of reg-
istered mobile app users (facilitated by the location services of their
mobile devices and communication with the app server). Some sys-
tems can differentiate between users of different status (eg, layper-
son, off-duty professional). Once mobile app users are identified
within the activation radius of the system, the app server sends a
notification to those devices. Many apps display a map showing
the location of the OHCA and nearby AEDs. Some systems also
bypass the dispatch center by enabling a witness to alert nearby
lay responders directly via the app.'®®

Although these systems are being used with increasing fre-
quency, evidence of improved outcome is limited. Observational
studies have shown that mobile phone alerting of community respon-
ders facilitates AED attachment and defibrillation in selected popula-
tions.'”® A pilot study that used a smartphone application in the same
study area showed significantly longer effective distances for the lay
volunteers assigned to AED retrieval but a low AED attachment
rate."””” In a study from Switzerland, a smartphone-based system
was compared with a location-based text message system and
was found to be more efficient in terms of dispatching lay responders
for CPR."®" In a randomized controlled trial in Sweden, a mobile
phone positioning system (not integrated with an AED registry) sig-
nificantly increased bystander CPR rates (62% in the group associ-
ated with mobile device app notifications and 48% in the control
group without mobile device app notifications being sent). Survival
to 30 days was higher in the mobile app notification group compared
with the control group (11.2% versus 8.6%), but this was not
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statistically significant.'”® A large North American survey about the
public perception of this type of crowdsourcing approach demon-
strated widespread acceptability.'®?

Although mobile device apps are an appealing mechanism for
increasing AED use, potential risks include threats to patient privacy;
the engagement of untrained, anonymous volunteers in some of the
solutions; and psychological harm to volunteers summoned to the
scene of a critically ill or dead person. Data on these potential risks
are lacking.

In addition, there are technical challenges related to integrating
these apps into existing dispatch systems, and many of them are asso-
ciated with significant costs for setup and maintenance. Despite these
theoretical risks, the writing group felt that the use of such systems is
reasonable on the basis of their potential to increase bystander
engagement during cardiac arrest. Randomized controlled trials un-
derway in Scandinavia (NCT02992873), France (NCT03633370),
Canada, and the United States (the PulsePoint randomized controlled
trial, [INCT04806958]) will provide more data on the effectiveness of
mobile apps to increase early defibrillation for OHCA.

Knowledge gap

Further scientific evaluation of mobile device apps to crowdsource
bystander CPR and AED use is required to determine effectiveness,
cost-effectiveness, and the balance of risks and benefits for patients
with OHCA.

Policy suggestion

We suggest that the implementation of mobile device apps to crowd-
source CPR and early defibrillation is reasonable where resources
are available.

Novel or strategic delivery vectors for AEDs
Dispatch-assisted AED locating and coaching

This strategy involves emergency dispatchers guiding callers or
other potential rescuers in the vicinity of an OHCA to retrieve and
use a nearby AED. Unfortunately, there is a paucity of research on
this strategy. Although dispatch-assisted CPR has been associated
with increased survival,'®*'®* most cases are not associated with
AED retrieval.*®>185"'87 Real-time visualization of AED locations
on the computer-assisted dispatch system displayed during a car-
diac arrest call has been suggested as a method to direct bystanders
to nearby AEDs."®® Studies from Sweden and Denmark tested this
approach. Dispatchers were instructed to refer to available AEDs
within a 100-m distance of OHCA emergencies. Unfortunately, this
had a limited effect on AED referral.'®"'?2 This task may be too com-
plex for dispatchers to manage while also having to dispatch profes-
sional rescuers to the scene and support telephone-assisted CPR as
a priority. Machine learning and artificial intelligence may hold pro-
mise as tools to assist dispatchers with OHCA recognition and
AED referral by process automatization and reduction of dispatcher
cognitive workload.'®®

Knowledge gap

We suggest that future studies explore innovative dispatch strategies
to facilitate efficient guidance of bystanders to the nearest available
AED and successful use of the device.

Strategies using firefighters and police
The past 2 decades have seen the trial and adoption of dispatched
AED programs using fire and police services.'®*"'°? The only clinical

trial'®® supports most of the observational findings, which report that
firefighters and police provided the first shock in 6% to 53% of OHCA
cases they attend'®'%* and a reduction in time to first defibrilla-
tion."®%'°% Only the largest observational studies, however, report
corresponding improvements in OHCA survival.'®% 191192 A recent
systematic review reported an overall survival to hospital discharge
or a 30-day survival of 28% (median; range, 9%—76%) among those
defibrillated by firefighters or police using AEDs before ambulance
arrival.** The need for wider coverage and faster response has seen
these programs extended to the mobilization of other health care pro-
fessionals who do not routinely practice in the prehospital setting (eg,
home care nurses,'®® off-duty nurses, physicians181).

Policy suggestion

We suggest that firefighters, police, and community health care pro-
fessionals be considered vectors for mobile AED deployment to
enhance early defibrillation in communities.

Community volunteer responder programs

Community volunteer responder programs, involving a mixture of
layperson volunteers and off-duty health care professional volun-
teers, have evolved primarily in countries outside North America.'*®
These programs typically involve trained volunteers who are dis-
patched to a variety of potential medical emergencies such as
trauma, stroke, loss of consciousness, and cardiac arrest in commu-
nities outside densely populated urban settings, which tend to have
longer paramedic response times. Community volunteer responders
provide an additional tier of organized response to medical emergen-
cies. Because community volunteer responders are embedded in
their target communities, they are often closer to the emergencies
than the nearest paramedic unit. The Sandpiper Trust Wildcat pro-
gram in Aberdeenshire, Scotland, is a community program that has
focused specifically on responding to OHCA."®” Although there is a
paucity of research on the effectiveness of such programs for OHCA,
they represent a particularly attractive strategy to address the prob-
lem of OHCA in residential settings, where penetration of conven-
tional AED strategies has been poor.

Knowledge gap

We suggest that research on community responder models be done
to determine the feasibility, scalability, effectiveness, and cost-
effectiveness of volunteer community responder programs with
respect to early CPR, defibrillation, and survival after OHCA.

Robots as novel delivery vectors for AEDs

The development of land-based robots and unmanned aerial vehi-
cles, or drones, for civilian applications is being pursued by numer-
ous companies and academic organizations. Potential applications
for this emerging technology include surveillance, package delivery,
and delivery of medical products and devices. Although regulatory
approval of autonomous robots and drones to routinely deliver goods
and services is pending in most jurisdictions, robotic delivery of
AEDs to the scene of an OHCA may become a reality in the near
future. Several investigators have explored the use of unmanned
vehicles for the purpose of delivering AEDs to the scene of OHCA.
Robots carrying an AED payload could potentially be dispatched
simultaneously with the conventional emergency response, with
the goal of delivering an AED to the scene for immediate bystander
use. Potential users of the delivered AED could be coordinated
through emergency dispatch or through a mobile device app.
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Although some work has been done with land-based robots in
this context,'®® most innovations involve drones. Drones could deli-
ver an AED to the ground by landing at the site, by using a winch
to lower the AED to the site while the drone hovers, or by jettisoning
the AED and having it land safely by parachute. Studies using drone
flights to simulated or historical OHCA locations have demonstrated
that the time interval between the emergency call and having an AED
on the scene can be reduced compared with a conventional ambu-
lance response.'9>2°" One of these studies involved a fully autono-
mous drone that could travel to locations specified by operators and
deliver the AED without direct human control.>°° In a region-specific
analysis using historical cardiac arrest data from several urban and
rural regions around Toronto, ON, Canada, optimization modeling
and simulated drone base placements demonstrated that an opti-
mized drone network could potentially reduce delay to AED delivery
compared with a conventional EMS response.2%?

Although this strategy could improve access to early defibrillation,
significant regulatory and logistical challenges must be overcome
before it is a feasible strategy. A recent study involving a simulated
cardiac arrest with a manikin in an indoor setting and volunteer
bystanders who were informed of an impending drone delivery
before the simulation had begun demonstrated that drone delivery
can introduce clinically significant hands-off time when there is only
1 bystander on the scene. Among 4 scenarios involving only 1
bystander, the median hands-off time attributed to AED retrieval from
the drone (=50 m away) was 1 minute 34 seconds (range, 75-110
seconds).??® This delay is likely underestimated. It is probably longer
in real-world settings where large buildings, unanticipated drone arri-
val, poor lighting, adverse weather conditions, or complex terrain
may pose challenges. Strategies involving multipurpose drones
(eg, public safety functions, package delivery) or multiple emergency
medical payload items (eg, epinephrine for anaphylaxis, tourniquets
for bleeding control, naloxone for opioid overdose) may improve the
cost-benefit ratio for this type of strategy.

Knowledge gap

We suggest that further research be undertaken to develop and eval-
uate the clinical and cost-effectiveness of robotic delivery systems
for AEDs. Future work should consider how best to coordinate the
AED delivery with emergency dispatch and potential users in the
vicinity of the cardiac arrest to ensure that AED delivery translates
quickly into successful AED use.

Personal and home-access defibrillation

The AED has evolved from its beginnings as a heavy, expensive
piece of hospital equipment designed for medical professionals to
a more portable, lower-cost, and user-friendly device intended for
laypeople. Most contemporary devices, however, are still too bulky
and heavy to be practical accoutrements for the general public that
might be carried routinely in a briefcase, backpack, or purse. The
high purchase price of conventional devices is also a potential barrier
to widespread uptake of AEDs as personal or household first-aid
items. Accordingly, most public-access devices are purchased by
organizations rather than individuals, and most are stored in wall
cabinets rather than carried by a person. In what may be a critical
juncture in the technological evolution of AEDs, several start-up com-
panies are developing smaller, inexpensive, and in some cases
single-use AEDs that will be marketed as consumer products for
the individual. The target price point of at least 1 single-use defibril-
lator in development will be in the range of many household smoke

detectors on the market today. Some innovators aim to miniaturize
the AED enough to integrate it as a mobile phone peripheral (eg,
phone case). Future work is required to develop this technology,
explore the feasibility of deployment (including an understanding of
the market), and determine the effectiveness of strategies that incor-
porate this new technology broadly.

Most (60%-80%) OHCAs occur in residential settings*#°*2'°;
however, access to early defibrillation in this setting is almost nonex-
istent.?"" AED deployment in the home has been studied in the past
with results that dissuaded further research and broad implementa-
tion of this strategy. The HAT trial (Home Automated External Defib-
rillator) randomized 7001 patients with anterior wall myocardial
infarction to receive CPR training for spouses or companions and
a home AED versus CPR training alone. The number of at-home car-
diac arrest events in the trial was low: Only 133 events occurred in
the home of study patients, and only 71 of these were witnessed.
An AED was applied in only 32 patients in the intervention group.
Of 21 unresponsive patients with AED data available in this group,
only 13 had VF, 12 received a shock, and 4 survived long term.
There was no impact of the intervention on the primary outcome of
death resulting from any cause among this group of post—-myocardial
infarction patients (6.5% versus 6.4%).2'?

The HAT trial did not use a cost-effectiveness methodology, but
the low event rate, low witnessed rate, and underuse of the AEDs
even when witnessed cardiac arrest occurred raised doubts about
the cost-effectiveness and public health benefit of deploying AEDs
in this manner. However, the analysis, which focused on a population
in whom >90% did not have cardiac arrest, may have missed an
important benefit for patients who experience cardiac arrest in resi-
dential settings. Investigators report that among people who experi-
enced cardiac arrest in the home with an AED available, survival was
12% (18.3% for witnessed events). This relatively high proportion is
closer to that usually observed for patients with OHCA in public set-
tings, where conditions are generally more favorable for being wit-
nessed and receiving early bystander intervention.?'® There were
also several occurrences of study AEDs being used for neighbors
experiencing cardiac arrest, and these instances were not included
in the evaluation of effectiveness. The positive influence that the
AEDs might have had on the delivery of chest compressions is
unknown because the study did not report CPR quality measures
or the proportion of patients with cardiac arrest receiving CPR. It is
unknown whether devices used in the study included CPR coaching
or quality feedback. The HAT trial does not provide evidence to sup-
port AEDs in the home for post-myocardial infarction patients, and
the potential benefit of modern AEDs deployed in homes and neigh-
borhoods for the broader population of people who experience car-
diac arrest in these settings remains unknown.

Knowledge gap

We suggest that innovative strategies to improve outcomes for those
who experience OHCA in the residential settings are required. The
feasibility and potential impact of novel AED technologies that lower
cost, improve portability, or otherwise encourage purchase by indi-
vidual consumers or households should be explored.

Summary and conclusions

Despite imperfect implementation, public-access defibrillation has
saved countless lives. AEDs remain underused so that many sal-
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vageable individuals die without the benefit of having an AED avail- increased early CPR, rhythm detection, and defibrillation will improve
able to them. There are multiple barriers to more consistent AED cardiac safety in our communities and ultimately increase survival
use; however, there are also multiple opportunities to address those after OHCA.

barriers with new approaches to public-access AED program imple-
mentation, including changing the behavior of potential users;
improving availability; improving integration with existing emergency Article information

dispatch; enhancing AED housing, signage, and device technology;

and exploring novel AED delivery vectors. We summarize specific The American Heart Association makes every effort to avoid any

policy suggestions made in this scientific statement in Table 1. We actual or potential conflicts of interest that may arise as a result of
also identify the knowledge gaps for future research in Table 2. Con- an outside relationship or a personal, professional, or business inter-
tinued evolution of our approach to public-access defibrillation with ~ est of a member of the writing panel. Specifically, all members of the

Table 1 - Summary of Policy Suggestions to Improve Public-Access Defibrillation Implementation.

Statement section Suggestions

Improving Public Awareness and We suggest that a validated behavior change framework be used to guide the development and

Willingness to Use implementation of interventions to increase public-access defibrillation. We encourage the
engagement of experts in behavior change, implementation, or knowledge translation to guide
program development.
We suggest that all future CPR training for children and adults include the recognition and use of
AEDs.
We suggest that CPR and AED training programs directly address potential psychological barriers to
action during an OHCA. We suggest that public-access AED programs implement a system of lay
responder follow-up to support bystander wellness and quality assurance.

Optimizing AED Availability, We suggest coordinated, data-driven, regional strategies to optimize deployment of AED resources

Reliability, and Usability on the basis of cardiac arrest risk and site accessibility.
We suggest that public-access AED programs prioritize deployment of new defibrillators in locations
deemed to be at highest risk for the occurrence of cardiac arrest and underserved by available AEDs.
Determination of cardiac arrest risk should be assessed with local cardiac arrest data if available.
We suggest that AED manufacturers develop a standardized process for AED data retrieval to
improve sharing with prehospital and hospital-based health care professionals. Because of the critical
importance of these data in the clinical care of survivors, we suggest that this feature be mandated by
regulatory bodies.
We suggest that all AEDs be installed in locations with 24-h accessibility.
We suggest that AEDs be checked regularly according to the manufacturer’s instructions and be
resuscitation-ready at all times.
We suggest against the use of locked AED cabinets. If locked cabinets are used, we suggest that
simple instructions on how to access the AED should be clearly visible on or near the cabinet. Every
effort should be made to minimize delay caused by the unlocking procedure.
We suggest that the location of all AEDs in a community be known to the local emergency dispatch
through the development of national, regional, or local AED registries. We suggest that AED location
and status information be current and accessible to emergency dispatchers and available AED-
locating systems such as mobile device apps.

AED Signage We suggest the following:
After reassessment and evaluation of the current ILCOR sign and alternative designs, ILCOR should
work to implement a universal evidence-based and International Organization for Standardization—
compliant AED sign that promotes recognition and successful retrieval of AEDs around the world.
There is insufficient evidence to suggest one AED sign over another.
Regardless of the signage used, signs should be visible where the AED is stored and within the
presumed operational radius of the AED (with a minimum of 200 m).
Signage should indicate the direction and distance to the AED.
Signage should be a sufficient size to be identifiable from a distance of at least 50 m (requiring
lettering of ~12 cm in height).
The AED cabinet should be illuminated at night, and, whenever possible, exterior signs should have
supplementary lighting or at least be made of photoluminescent material.
Signage should be properly maintained; we suggest that all signs associated with the AED be
inspected at the same time that the AED undergoes its routine checks (at least annually).

Mobile Apps for AED Retrieval We suggest that the implementation of mobile device apps to crowdsource CPR and early
defibrillation is reasonable where resources are available.

Novel or Strategic Delivery Vectors We suggest that firefighters, police, and community health care professionals be considered vectors

for AEDs for mobile AED deployment to enhance early defibrillation in communities.

AED indicates automated external defibrillator; app, application; CPR, cardiopulmonary resuscitation; ILCOR, International Liaison Committee on Resuscitation;
and OHCA, out-of-hospital cardiac arrest.
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Table 2 - Summary of Knowledge Gaps Identified by the Writing Group and Suggestions for Future Research Priorities in Public-Access Defibrillation.

Statement section

Suggestion

Improving Early Detection of Cardiac
Arrest

Improving Public Awareness and
Willingness to Use

Optimizing AED Availability, Reliability,
and Usability

AED Registration

AED Signage

Mobile Apps for AED Retrieval

Novel or Strategic Delivery Vectors

Personal and Home-Access
Defibrillation

We suggest the development and scientific evaluation of technology-based strategies for early warning of impending cardiac arrest and detection of
cardiac arrest when it occurs to facilitate automatic triggering of an emergency response and early defibrillation.

We suggest research to guide the design, implementation, and assessment of innovative public messaging strategies to increase bystander CPR and
AED use.

We suggest that future research be conducted to determine optimal AED educational programs for schoolchildren.

We suggest that investigators measure long-term skill retention and the probability of providing resuscitation in future cardiac arrest events as key
outcomes when evaluating educational programs.

We suggest research to evaluate the effectiveness of different bystander follow-up models with respect to bystander wellness, psychological outcomes,
and quality improvement.

We suggest that future research determine the effect of legislation on willingness to use and actual use of AEDs during OHCA.

We suggest that future development of AED technology focus on improving the diagnostic accuracy of VF and pVT detection algorithms during cardiac
arrest, both with and without CPR artifact.

We suggest that research be conducted to identify novel AED design features that facilitate the proper use of AEDs by laypeople and improve both the
quality of resuscitation provided and the outcomes for patients with OHCA.

We suggest that future system design innovations enhance connectivity among AEDs, registries, emergency dispatchers, and potential users so that
real-time location and readiness data can be integrated into the emergency community response.

Future research should identify signage characteristics, designs, and deployment strategies that maximize the probability of AED identification and
retrieval by members of the general public.

We suggest that the current ILCOR-endorsed AED sign design, adopted in 2008, be revisited to ensure that it is consistent with contemporary
International Organization for Standardization standards and develop an evidence base for effectiveness against alternative designs.

Further scientific evaluation of mobile device apps to crowdsource bystander CPR and AED use is required to determine effectiveness, cost-
effectiveness, and the balance of risks and benefits for patients with OHCA.

We suggest that future studies explore innovative dispatch strategies to facilitate efficient guidance of bystanders to the nearest available AED and
successful use of the device.

We suggest that research on community responder models be done to determine the feasibility, scalability, effectiveness, and cost-effectiveness of
volunteer community responder programs with respect to early CPR, defibrillation, and survival after OHCA.

We suggest that further research be undertaken to develop and evaluate the clinical and cost-effectiveness of robotic delivery systems for AEDs. Future
work should consider how best to coordinate the AED delivery with emergency dispatch and potential users in the vicinity of the cardiac arrest to ensure
that AED delivery translates quickly into successful AED use.

We suggest that innovative strategies to improve outcomes for those who experience OHCA in the residential settings are required. The feasibility and
potential impact of novel AED technologies that lower cost, improve portability, or otherwise encourage purchase by individual consumers or households
should be explored.

AED indicates automated external defibrillator; app, application; CPR, cardiopulmonary resuscitation; ILCOR, International Liaison Committee on Resuscitation; OHCA, out-of-hospital cardiac
arrest; pVT, pulseless ventricular tachycardia; and VF, ventricular fibrillation.
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