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Preface

This report aims to provide the Clinical Directorate at Scottish Government and Members of
Scottish Parliament with a review of public access defibrillators (PAD) and their utility for out-
of-hospital cardiac arrest (OHCA) in Scotland. It also aims to answer questions about PAD
that are commonly asked, with the goal of mitigating potential misunderstandings about
when PAD may or may not provide benefit.

This document should be read in conjunction with Scotland’'s Out-of-Hospital Cardiac Arrest
Strategy 2021-26, which details the strategic direction laid out by the Scottish Government
in improving outcomes for OHCA and the role of PAD in doing so. The Scottish OHCA Strategy
document can be accessed at: https://www.gov.scot/publications/scotlands-out-hospital-
cardiac-arrest-strategy-2021-2026/

This report is composed of two parts. The first part is a policy brief that provides a narrative
review of the benefits and limitations of PAD, as well as how PAD might be best applied in
the Scottish context. The second part is a set of frequently asked questions regarding PAD,
particularly regarding their utility and their role in improving outcomes after OHCA in
Scotland. We provide short answers with references to the policy brief and external sources
for further information.

The contents of this document have been shared with Scotland’s Out-of-Hospital Cardiac
Arrest Strategy 2021-26 Delivery Group members, and Save a Life for Scotland partners. This
consultation exercise aimed to take into account the perspectives of those involved in OHCA
improvement work across Scotland; however, the views expressed here are our own.

Authors

Mr Benjamin Leung,
PhD Candidate, Centre for Healthcare Engineering, University of Toronto;
Honorary Clinical Data Analyst, Scottish Ambulance Service

Dr Gareth Clegg,

Resuscitation Research Group, Usher Institute, University of Edinburgh;
Consultant in Emergency Medicine, Royal Infirmary of Edinburgh;
Associate Medical Director, Scottish Ambulance Service



https://www.gov.scot/publications/scotlands-out-hospital-cardiac-arrest-strategy-2021-2026/
https://www.gov.scot/publications/scotlands-out-hospital-cardiac-arrest-strategy-2021-2026/

Part One: Policy Brief

Introduction

Out-of-hospital cardiac arrest (OHCA) is a time-critical medical emergency in which the heart
is suddenly and unexpectedly unable to maintain a regular rhythm and can no longer pump
blood around the body. In Scotland, the Scottish Ambulance Service (SAS) attempts
resuscitation for around 3,200 OHCA each year, and despite recent improvements in
survival, fewer than 1 in 10 patients will be discharged from hospital alive."? Prompt medical
treatment of OHCA is essential as the likelihood of survival can decrease by 7-10% for each
minute’s delay until help arrives.*

OHCA can occur for a variety of reasons, with about one quarter of cases resulting from a
disturbance in the electrical signals which control heart muscle contraction.? This is called
ventricular fibrillation (VF), the most treatable type of OHCA. The only effective treatment for
VF is rapid ‘defibrillation’, where a therapeutic dose of electrical energy is passed through the
chest with the goal of restarting the heart's normal rhythm. In order to be effective,
defibrillation must be performed as soon after the onset of cardiac arrest as possible.
Equipment such as automated external defibrillators (AED) are designed to be used by
anyone, even those without any medical training, as the machine automatically determines
whether a patient needs defibrillation then can safely deliver the electric shock.

To maximise the likelihood of defibrillators being readily available to bystanders in the event
of a nearby OHCA, public access defibrillators (PAD) have been deployed in a range of
locations around the world, including Scotland. PAD placement programmes are a priority in
Scotland’s strategy for OHCA.®’ Although there is much academic literature supporting the
use of PAD, there remains uncertainty regarding how PAD should best be deployed from a
health policy perspective. This document will address key questions relating to PAD using
evidence from published literature in addition to data collected by SAS. These questions
include:

What is the evidence for the usefulness of PAD?
How should PAD be deployed?
Where are PAD most effective?
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How can we better mobilise people to use PAD?




What is the evidence for PAD?

Benefits of PAD

PAD were first deployed in the 1990s in controlled, highly supervised settings such as
casinos, airports, and onboard aircraft.®'° These settings are staffed by personnel who
typically receive first aid training and as such were able to respond to OHCA victims quickly,
allowing for PAD to be applied well before the arrival of emergency services. Similarly, a
large-scale trial in North American communities in the early 2000s showed that volunteers
responding to OHCA had double the likelihood of patient survival when they were equipped
with PAD." These studies show that timely response with PAD can improve OHCA survival.

Several studies have considered the impact of placing PAD in the open and allowing any
member of the public (not just those with prior first aid training) to retrieve the PAD for use
at a nearby OHCA. These studies showed that for OHCA occurring in public areas, PAD can
be effective in improving the likelihood of survival by around two-fold, and in one study, up
to seven-fold."""” Further, as more PAD were deployed in the community over time, rates of
PAD usage for OHCA increased.’®' These findings suggest that PAD can be an effective
public health intervention to improve OHCA survival.

The use of PAD has been incorporated into many first aid programmes. In controlled
experiments, people without prior medical training were able to quickly learn and use PAD,
including even schoolchildren.?®** Ambulance service call handlers can also coach
bystanders to successfully use a PAD.>>?® Owing to the potential effectiveness and ease of
use for PAD, international organisations such as the American Heart Association and
European Resuscitation Council promote the deployment of PAD in areas where the
likelihood of OHCA is high,?”?® and the International Liaison Committee on Resuscitation
recommends the implementation of large-scale PAD programmes.?’

In Scotland, the number of PAD registered with SAS has increased over time, having more
than doubled over the past three years (Figure 1) with the COVID-19 pandemic having little
to no impact on PAD deployment.?
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Figure 1 shows the total number of PAD (black) and the number of PAD available 24/7 (blue)
registered and active on the UK national defibrillator network (‘The Circuit) from August 2019 to
March 20227

The Chain of PAD

Several steps have to first be taken before an OHCA patient can be successfully defibrillated
with a PAD. These steps are collectively known as the ‘chain of public access defibrillation’
(Figure 2),* referring to the idea that these steps are interdependent and successful
defibrillation can only occur if all these steps are in place.
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Figure 2 shows the ‘Chain of Public Access Defibrillation” adapted from Ringh and colleagues.®




PAD first need to be placed in the community and registered with the national defibrillator
network (also known as The Circuit’). When an OHCA occurs, bystanders who discover the
patient need to recognise the problem and call for help by phoning 999.

Once on the line, SAS call handlers in the Ambulance Control Centre (ACC) need to quickly
recognise OHCA, identify whether there are registered PAD nearby, and ask if there are
bystanders who are able and willing to retrieve the PAD. Call handlers will also provide CPR
instructions over the phone. Additional bystanders may be automatically alerted to a nearby
OHCA through the GoodSAM smartphone app, launched in Scotland in October 2022 and
which can increase the number of people available to retrieve a nearby PAD.

Responders tasked by ACC with retrieving PAD need to be able to easily identify the PAD
location through signage or prior knowledge, retrieve the PAD from its cabinet (unlocking
the cabinet if necessary), and return with the PAD to the OHCA location. The PAD must be in
good working order in order to be deployed by the bystander. Once the PAD is applied to
the patient and turned on, the patient must have a shockable heart rhythm for the
defibrillating electric shock to be applied.

Only with the successful implementation of all of these steps can successful PAD-based

defibrillation then occur. Thus, it is crucial to establish a strong ‘system of care’ for OHCA
response such that the likelihood of successful bystander defibrillation is maximised.

Limitations of PAD

Rates of PAD use are low

Although PAD are effective when they are deployed promptly at OHCA, studies around the
world have shown that rates of bystander-applied defibrillation remain very low, with OHCA
victims defibrillated prior to ambulance arrival less than 10% of the time.'®'%3'-3> Qver the
past three years, an average of 8% of OHCA where resuscitation was attempted by the
ambulance service in Scotland had a PAD applied before the arrival of SAS crews (Figure 3).'2
It should however be noted that PAD usage rates have increased over the past several years,
notwithstanding temporary dips during the early stages of the COVID-19 pandemic.
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Figure 3 shows the proportion of OHCA across Scotland where a PAD was deployed by the public
before the arrival of SAS crews from August 2019 to March 2022.? The average (or mean) PAD
usage rate (black) and the 95% confidence limits (grey, dashed) are also provided for reference.

PAD need to be in the right place

One factor associated with the low rates of PAD usage is the location of PAD.***® In order for
a PAD to be used it must be near enough for a bystander to go and find it, unlock it (if
necessary) and bring it back to the patient before the arrival of SAS. This means that PAD
must be located near OHCA. Research in a range of countries, including Scotland, has
identified generally poor alignment between locations where PAD have been placed and

locations where OHCA frequently occur.?”-°

PAD need to be located in the right communities

In addition, a recent study of PAD in Scotland found poor alignment between PAD and OHCA
locations across levels of socioeconomic deprivation as measured by the Scottish Index of
Multiple Deprivation (SIMD).* The most deprived 20% of census data zones (SIMD Quintile
1) had the greatest share of OHCA occurrence but the lowest share of registered PAD (Figure
4), and had consistently lower rates of PAD usage (Figure 5) compared to data zones
experiencing less deprivation. In conjunction with literature both within Scotland and abroad
showing that socioeconomically deprived areas are generally at higher risk of OHCA,3%3
have lower rates of PAD deployment,****#* and suffer from poorer OHCA outcomes,’***
these findings suggest that the current deployment of PAD is inequitable across

socioeconomic levels.
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Figure 4 shows the distribution of OHCA (blue) and PAD (black) locations by SIMD quintile from
August 2019 to March 2022.7 Quintile 1 (furthest left) represents the most deprived 20% of
Scotland'’s census data zones, with higher quintile numbers indicating lower levels of deprivation.
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Figure 5 shows the proportion of OHCA occurring within 100 metres, 200 metres and 500 metres
of a registered PAD by SIMD quintile from August 2019 to March 2022.% Quintile 1 (furthest left,
horizonal shading) represents the most deprived 20% of Scotland'’s census data zones, with higher
quintile numbers indicating lower levels of deprivation.




PAD need to be located near OHCA

Another factor associated with low PAD usage rates is the availability and logistics of PAD.
Put simply, existing PAD are generally too far away from the OHCA location to be used in a
timely manner, with less than 10% of all OHCA being within 100 m of the nearest PAD (Figure
6).2 Further, research has shown that increased distance between OHCA and the nearest PAD
is associated with lower rates of PAD usage and OHCA survival.***#%° Despite a doubling of
the number of PAD placed in communities across Scotland 2019-22 (Figure 1), the number
of OHCA occurring within the optimal range of a PAD has not increased to the same degree
during the same time period (Figure 6).
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Figure 6 shows the proportion of OHCA occurring within 100 metres (grey, dashed line), 200 metres
(blue, solid line), and 500 metres (black, solid line) a registered PAD in Scotland from August 2019
to March 2022.°

PAD need to be accessible when needed

Studies from other countries have shown that up to one-half of all PAD are not accessible to
the public outside of conventional business hours and on weekends.”*>* For OHCA that
occur during these times, PAD that are too far away or situated behind locked doors lead to
low likelihood of PAD usage, even if there are able and willing bystanders nearby.3°"3-8
Unfortunately, it appears that in Scotland although the number of PAD in the community is
increasing, the proportion which is available 24/7 is getting smaller (Figure 1). In order to
maximise PAD availability they are usually best mounted on the outside of buildings.




PAD are also often secured in locked cabinets. In Jan 2023, one-third of the 5629 PAD in
Scotland registered on the Circuit were located within locked cabinets. PAD are expensive
items of equipment, and it is not unexpected that those who fundraise to place them in the
community wish to safeguard their investment. Whilst there is scant evidence (beyond the
anecdotal) about the scale of PAD theft and vandalism, or the effectiveness of locked
cabinets, it is likely that locking PAD away introduces an additional delay for bystanders
attempting to retrieve the defibrillator and lowers the likelihood of successful PAD
application prior to arrival of emergency services.>

Bystanders need confidence to effectively use PAD

The human component in the Chain of PAD also presents challenges with PAD deployment
and usage. Surveyed bystanders have reported difficulties finding PAD due to lack of
knowledge regarding nearby PAD locations and lack of adequate guiding signage.>> When
bystanders are able to retrieve a PAD, they often face fears of not knowing how to use the
PAD and potentially harming the OHCA patient in the process: this is especially prevalent for
responders who have not been trained in PAD use.®%%' Despite the fact that PAD are designed
to be used effectively by the public without prior instruction, simulation studies suggest that
bystanders only rarely operate a PAD without issue.®® Inconsistent levels of bystander
training and willingness across different parts of Scotland may partly explain differences in
rates of PAD usage.

Overcoming limitations in Scotland

Supporting the location of PAD in places where they are most likely to be used

The Scottish Ambulance Service tracks PAD usage statistics as part of its recordkeeping and
continuous quality improvement processes for OHCA. SAS, in collaboration with the
Resuscitation Research Group at the University of Edinburgh (RRG), are utilising data
analytics and artificial intelligence methods to determine areas within Scotland where PAD
are most likely to be used, so that the effectiveness of deployed PAD can be maximised over
their service lives. Our intention is that this information will then be disseminated to
community partner organisations and interested individuals through an interactive web
application called PADmap, which will display recommended locations for new PAD to be
placed within communities across Scotland to maximise their anticipated effectiveness. The
PADmap prototype interface was developed after extensive consultation with potential users
(Figure 7), and funds are currently being sought to build the public facing iteration. PADmap
will be hosted by SAS and will be integrated with routinely collected OHCA data and PAD




locations obtained from The Circuit,®® such that the information displayed on PADmap is kept
up to date as new PAD are placed throughout Scotland.

PADmap Logo Home Search for PAD Locations

Q Recommended PAD location ©

This yellow dot has a 200m diameter.

About FAQs Contact

Aim to place your PAD close to the centre of the yellow
dot. If you can't find a suitable location within the dot,
place your PAD nearby.

Placing your PAD here will increase the chances of
having a PAD nearby for future cardiac arrests.

Out-of-hospital cardiac arrest
(OHCA) risk level © a

Existing PAD locations
Q registered on The Circuit © ()

Number of recommended PAD locations
displayed ©

Figure 7 shows a prototype of the PADmap web application showcasing ideal locations for new
PAD to be placed. Existing registered PAD locations from The Circuit (red markers) and
recommended new PAD locations (yellow circles) are overlaid on top of OHCA risk levels per
postcode, ranging from low (green) to high (red).

Familiarising the public with PAD

The Save A Life for Scotland campaign (SALFS) is working with national and community-level
organisations to familiarise individuals with CPR and PAD, with the goal of training a total of
1 million people across Scotland by 2026.” SALFS has four key strategic work streams,
focusing on engaging with young people, communities, and disadvantaged groups, and
influencing Scottish culture regarding OHCA. This approach enables people of all ages and
backgrounds to learn how to use PAD, which in turn will empower them to retrieve and apply
PAD for OHCA in their communities. Through these initiatives that increase both the quantity
of deployed PAD as well as awareness of PAD throughout communities in Scotland, PAD
usage rates are expected to continue to increase into the future.




How should PAD be deployed in Scotland?

More PAD doesn’t necessarily mean more PAD usage

Existing research literature is limited in quantifying the relationship between PAD
deployment and resulting PAD usage.**>*** The question reamains, if more PAD are made
available in communities, will PAD usage rates increase? Analysis of Scottish OHCA data
showed that despite the number of PAD more than doubling between 2019 and 2022, the
proportions of OHCA occurring within 100 m of a PAD and the rate of PAD usage for OHCA
did not increase at similar rates during the same time period.? This underlines the fact that
for PAD to be useful, they must be placed in the locations where OHCA are likely to occur.

Through initiatives such as PADmap, analysis of registered PAD data from The Circuit, and
regular monitoring of OHCA data by SAS, geographical and demographic factors that affect
PAD usage can be determined, the relationship between PAD deployment levels and PAD
usage can be quantified, and characteristics of communities that benefit the most from
increased PAD deployment can be identified. Likewise, descriptive data analytics can also
help determine the extent to which targeted PAD education in specific communities leads to
changes in rates of bystander PAD usage as well as contributing factors that lead to
inequalities of PAD usage across different health boards and SIMD levels.

Using Al to support data-driven PAD installation in high-risk areas

Our recommended approach in Scotland is to utilise data-driven PAD placement based on
the occurrence of OHCA locations, which will allow us to predict incidence of future OHCA at
the community level and determine optimal locations for new PAD accordingly. This will be
done using data analytics and artificial intelligence techniques that have shown ability to
outperform historical and guideline-recommended PAD locations;*"®>% SAS has begun
integrating these methodologies into PAD location analyses.”?° Optimised PAD locations will
be shared with local health and social care partnerships, community partner agencies, and
interested individuals through the PADmap platform (see above). Enabling the dissemination
of information to those who purchase and place PAD in their communities (such as in easily
identifiable businesses that are in areas with high likelihood of OHCA®) is likely to increase
PAD usage in such places.
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Fairness vs efficiency of PAD allocation

As the number of PAD increases, an important question that has yet to be addressed is
whether PAD are fairly allocated across health boards, council areas, and SIMD quartiles. In
contrast to a purely efficiency-focused approach where the goal is to maximise the successful
useage of PAD nationally, regardless of in which areas they are placed, the concept of
fairness in this context can be understood as either an equal allocation of deployed PAD or
an equal benefit to be received in each area. This is important to address because although
current rates of PAD usage are low throughout the country, the distribution of PAD is
substantially different across health boards, council areas, and SIMD quartiles.

Preliminary analyses conducted by RRG suggest that incorporating fairness into data-driven
PAD placement models within council areas results in a small loss of PAD accessibility, but
can greatly improve fairness across council wards.®® RRG will continue this work of
quantifying the relationship between PAD deployment efficiency versus fairness, and will
work with academic and the international resuscitation community to understand whether
and how places with centrally organised PAD deployment incorporate fairness concepts into
their decision making.

Where would PAD be most effective?

Can we predict where OHCA are most likely to happen?

Existing studies analysing the clinical effectiveness of PAD have largely focused on OHCA
occurring in public areas, such as shopping centres and transit stations, as these locations
tend to have high levels of foot traffic and thus are more likely to have OHCAs occur as well
as having responders nearby.”®”® However, OHCA occurring in public areas only correspond
to approximately 20% of all OHCA, with the rest occurring in private and residential

locations 12,14,30,32,33

Although some literature suggests that OHCA hotspots generally do not change over
time,®®’# it is not currently known whether that is the case for Scotland. As such, time-based
analyses can be utilised to determine the temporal stability of OHCA occurring in Scotland,
produce risk mappings for OHCA in Scotland and determine communities and areas at high
risk of OHCA in the future, and update our predictions as new OHCA data becomes available
from SAS and newly registered PAD become available through The Circuit. This continuously

evolving, evidence-driven approach will help us make better projections when determining
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where in Scotland will stand to benefit the most from PAD, both in terms of exact locations
or location types, as well as at the community or health board level.

Are PAD cost-effective?

Studies analysing the cost-effectiveness of PAD deployment have yielded mixed results.
Based on expected rates of use over their service life, PAD have been shown to be cost-
effective in public urban areas where footfall levels are expected to be high, such as on high
streets and shopping centres.”>”° However, other studies have suggested that PAD would
not be cost-effective if deployed nationally purely based on location type, such as in all
homes or in all shops.?%#’

This lack of clarity may be due to the heterogeneity regarding PAD locations and deployment
strategies considered. Through the evidence-driven PAD deployment policy proposed for
Scotland, the cost-effectiveness of already-deployed PAD as well as potential changes in cost-
effectiveness through data-driven PAD placement can be estimated. Such analyses can then
account for changing parameters in cost and benefit to patients based on information
pertinent to the Scottish context, and can also be performed at varying scales such as at the
community level, health board or national level, or across socioeconomic levels by using
SIMD quartiles. These analyses can then help determine areas that may have the most cost-
effective PAD deployment and areas where the cost-effectiveness may be lower and thus
alternative OHCA response strategies may be more viable.

How close to an OHCA does a PAD need to be in order to be used?

Existing literature has assumed that PAD are generally useful as long as they are near to an
OHCA. This distance varies between 100 to 500 metres, and may refer to either a straight-
line (‘as the crow flies’) or a road-based distance.339°1°86>-688283 SAS cyrrently uses a 500
metre straight-line range when alerting bystanders to nearby PAD. Intuitively, the closer a
PAD is to an OHCA, the more likely it will be used; however, it is unclear how far bystanders
are willing or able to go to retrieve a PAD and return before the arrival of ambulance
personnel.

Using OHCA data, the relationship between distance to the nearest PAD vs. likelihood of PAD
usage can be estimated, which in turn will affect projected utility of newly placed PAD. PAD
may also be brought by community first responders.®* This analysis will also help to
determine the benefit that current community first responders provide for OHCA, as well as
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areas currently underserved and have the greatest potential for benefit through further
recruitment of ‘mobile PAD’ brought by community responders.

The launch of GoodSAM, a mobile application that alerts bystanders to nearby OHCA, will
provide SAS with geotagged measurements of how far bystanders travel when responding
to nearby OHCA. This can in turn help determine whether the current 500 metre retrieval
range should be adjusted, or potentially even customised depending on the region of the
OHCA.

How far should the ambulance service send a bystander to retrieve a PAD?

The ‘retrieval range’ refers to the maximum distance that a SAS call handler will send a
bystander to fetch a PAD. SAS currently uses a 500 metre ‘as the crow flies’ retrieval range
from the OHCA location — this is the same distance used by most ambulance services across
the UK.

It is important to note that the retrieval range is not the same as the ‘functional range’ of a
PAD, which refers to the maximum distance that a bystander can travel to fetch a PAD, return
to the OHCA patient, and apply the PAD prior to the arrival of emergency services. The
functional range is dependent on several factors such as terrain, road geography, and the
speed of the bystander, whereas the retrieval range is a fixed distance used for every OHCA
regardless of location.

A Swedish study that tracked bystanders sent to fetch PADs using their mobile phones found
that the estimated traveling speed of a responder was 2.3 m/s or 5.1 mph among all
volunteers and 1.8 m/s or 4.0 mph in areas with high population density.® Using these real-
world data translates to a functional range of around 150-200 m to meet the 1.5-minute one-
way (3-minute round-trip) target for PAD retrieval suggested by some authorities,® although
there is currently no commonly-accepted guideline stipulating either a functional or retrieval
range.

As GoodSAM becomes increasingly utilised across Scotland, SAS can utilise geotagged travel
data to determine what the functional range is for OHCA and whether it varies across
communities in Scotland. This information can then be used to determine whether the 500
metre retrieval range is appropriate for OHCA across all of Scotland, or if the retrieval range
should be customised depending on the location of the OHCA.

13




How can we better mobilise people to use PAD?

Prepare the public to act

The likelihood of bystander PAD usage for OHCA is greatly affected by the characteristics of
the bystanders themselves. Studies show that untrained bystanders are generally unwilling
to use a PAD,”*® but that having received PAD training substantially increases their
willingness to do s0.22® By leveraging OHCA data with information from training-focused
partner agencies such as SALFS, St John Scotland and St Andrew'’s First Aid among others, a
better understanding of the extent to which PAD training is improving bystander response
for OHCA and their effect on patient outcomes can be attained, which can further drive
targeted campaigns in specific communities.

RRG has also embarked on research to identify how to better facilitate PAD training for
individuals through liaising with partners abroad who have implemented training
programmes in schools and in communities, as well as conducting ongoing research into
understanding interaction dynamics between bystanders who retrieve and use PAD, the SAS
dispatcher who relays instructions to the bystander, and the PAD itself. Such initiatives and
partnerships will not only help improve the understanding of how to make PAD training
more readily available to the Scottish community, but also how to further break down
barriers to PAD usage that currently exist both in Scotland and around the world.

Encourage rational, data-driven placement of PAD

Enacting legislation to mandate deployment of PAD in designated places and/or to
incorporate PAD training in schools have been discussed as potential solutions in Scotland,
based on similar legislation already put in place in Denmark and North America.®*
However, studies have identified barriers that lead to non-compliance of PAD placement and
registration with emergency services,?*>>** as well as poor quality or complete lack of PAD
training in schools even after having been made mandatory.”® As such, it is not clear
whether PAD usage has changed as a result of such legislation. RRG will work with
collaborators in other countries where these types of legislation have been enacted in order
to determine whether legislation and enforcement of these policies will actually lead to
improved familiarity of PAD amongst the population, as well as whether benefit for OHCA
can be attained. Given the paucity of strong evidence, it is unlikely that enacting legislation

to mandate PAD deployment will be effective at present.
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Aftercare for bystanders

Bystanders who respond to OHCA may be subject to anxiety and uncertainty about whether
they were able to help; this emotional turmoil is likely to affect their willingness to respond
to OHCA in the future. To that end, SAS and SALFS are establishing a support portal for
bystanders who respond to OHCA, providing them with resources to understand their own
experience, connect with other responders, and seek professional assistance if required.®
This will be modelled after the Bystander Support Network, which provides a similar service
for responders and witnesses to OHCA in Canada.?® Through this programme, those who
respond to OHCA will be equipped with the means to navigate their experience and be
encouraged to respond to similar events in the future.

Concluding Summary

Although PAD are effective at improving survival from OHCA, PAD usage rates remain low
both in Scotland and around the world. Factors that contribute to low PAD usage can broadly
be summarised into the following themes: poor placement of existing PAD relative to OHCA
locations; unavailability and inaccessibility of PAD even in areas where OHCA occur; and
reluctance for bystanders to use PAD in an emergency.

In conjunction with academic and community partners, SAS is leading initiatives to utilise a
data-driven, optimised approach to PAD deployment that encompasses ideal placement of
PAD in communities, maximising accessibility and ease of use for deployed PAD, and
enhancing training of community members so that PAD can be used effectively and in a
timely manner.

It is important to remember that although PAD deployment is an effective initiative to
improve OHCA response, it is only a piece within the overall OHCA system of care, and is not
meant to be a catch-all approach. Integration with other existing response mechanisms
employed by SAS such as ambulance crews, resuscitation response units, and community
first responders, as well as continued education initiatives to increase rates of bystander-
initiated resuscitation, will ensure that OHCA victims in Scotland receive the highest quality
of response possible in order to maximise their chances of survival.
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Part Two: Frequently Asked Questions

This section contains a list of frequently asked questions regarding the utility of PAD,
specifically in the Scottish context. Questions have been organised into the following themes:

¢ Quantities and Locations of PAD
e Practicalities and Logistics of PAD
e Future Developments in Defibrillation

Quantities and Locations of PAD

1.

How many PAD do we need in Scotland? How many PAD do we need in [area]?

The number of PAD required in a given area can be calculated by estimating the risk of
OHCA in that area using historical OHCA data from SAS. High-risk areas are those where
OHCA occurs more frequently than other areas of similar size. In high-risk areas, there
should be enough PAD placed within the functional range of any historical OHCA. In
areas of lower risk, there should be enough PAD placed within the functional range of
where OHCA were most likely to occur, with the understanding that adding more PAD
leads to diminished returns.

SAS in collaboration with the University of Edinburgh have been developing Al-driven
approaches to determine ideal locations for new PAD to be placed. Through this
approach, optimal PAD locations in smaller areas (e.g., council areas, wards) are
computed and then aggregated together to determine the number of PAD needed per
health board or across all of Scotland (Figure 8). The research team is partnering with
Save A Life for Scotland to share these findings with individuals and groups who can put
PAD in these locations.
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Figure 8 shows the relationship between the number of optimised new PAD locations in a sample
area and the resulting number of OHCA within retrieval ranges of 100 metres (grey, dashed line),
200 metres (blue, solid line), and 500 metres (black, solid line).

2. What is the functional range of PAD?

The functional range of a PAD is the maximum distance from an OHCA at which a PAD
is likely to be useful. If a PAD is further away than the functional range, the PAD is likely
to be too far away for a bystander to retrieve it before the arrival of the ambulance
service. The functional range may vary across different areas based on factors such as
terrain, road layout, and population density: thus, determining the functional range is
an important factor to consider when planning where PAD should be installed.

3. Whatis the retrieval range of a PAD?

The retrieval range of a PAD is the maximum ‘as the crow flies’ distance that SAS call
handlers will send a member of the public to fetch a PAD. The retrieval range is
programmed into the computer aided dispatch (CAD) system used by the ambulance
service. Once the OHCA location has been determined, the CAD will then automatically
alert a call handler if there are PAD available within this predetermined range and their
respective locations.
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It is important to note that a PAD will only appear on the CAD if it has been registered
and maintained on the National Defibrillator Network database, also known as The
Circuit. Additionally, SAS will only send a bystander to retrieve a PAD if there is someone
else at the scene who can stay and continue to do CPR (chest compressions).

An informal poll of ambulance services around the UK revealed that the majority have
set their retrieval range at 500 m, though some services use ranges as large as 1000 m.
1000 m is roughly equivalent to a 7.2-minute ‘brisk walk’,?> and the total time required
to retrieve the PAD on foot and then deploy it at the scene means that it is likely that a
SAS ambulance crew will pre-empt the bystander.

Some ambulance services have considered using a different retrieval range if bystanders
may be able to drive to PAD. However, there are concerns that sending an untrained
member of the public to drive to retrieve a PAD may introduce significant risk of road
traffic accidents.

How far away should bystanders be sent to retrieve a PAD?

There currently exists no national or international guidelines stipulating the
recommended functional range. A round trip for a bystander to retrieve and deploy a
PAD should take less time than it would take SAS to arrive at an OHCA. A “1.5-minute
brisk walk’ range (meaning a round-trip time of 3 minutes) has previously been
suggested by some authorities.?®

A Swedish study carried out in 2018-19 tracked 2,176 responders to OHCA using their
mobile phones and found that the estimated traveling speed of a responder was 2.3 m/s
or 5.1 mph among all volunteers and 1.8 m/s or 4.0 mph in areas with high population
density.®®> Using these real-world data translates to a functional range of around 150-200
m to meet the 1.5-minute target.

Are PAD a good solution for everywhere in Scotland? Are there places where PAD
is not the best solution to the problem of early defibrillation after OHCA?

PAD deployment in fixed locations is one method of increasing the likelihood of early
defibrillation, and has been shown to be most effective in areas with high footfall and

8707273 1t s less clear how

trained bystanders, such as casinos and shopping centres.
effective PAD in fixed locations are in more sparsely populated areas with lower density

of OHCA.
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Other mechanisms for enabling early defibrillation may be more effective in rural and
less densely populated areas, such as through trained community responders equipped
with defibrillators who are dispatched to OHCAs by the ambulance service. A trial of such
a scheme in Scotland — the Sandpiper Wildcat project in rural Grampian — was able to
get responders to an OHCA on average 7 minutes before the arrival of SAS crews.®

6. Does it make sense to put a PAD in every school in Scotland?

There are a number of reasons why it might make sense to put PAD into schools. The
presence of PAD may increase children’s familiarity with the devices and lead to them
being more willing to use PAD should the need arise later in life. PAD in schools may also
be used to teach students about PAD in the context of CPR and first aid training.

The frequency of OHCA in school or near schools (either during school hours or outside
of them) is very low.?” Placement of PAD in schools or on the outside of school buildings
is thus probably unlikely to be a cost-effective measure in enabling early defibrillation
for OHCA.

7. What are the alternatives to PAD?

There are other methods that aim to enable rapid defibrillation for OHCA, such as:
e Rapid deployment of ambulance services
e Co-response by other groups in the community who carry defibrillators, such as
community first responders, Police Scotland, Scottish Fire & Rescue Service, etc.
e Personal ownership of cheaper, single-use defibrillators, which are starting to
become available for purchase
e Drone delivery of defibrillators

Practicalities and Logistics of PAD

8. Whose responsibility is it to make sure there are sufficient PAD in the
community?

Currently, there is no regulation anywhere in the UK requiring the placement of PAD in
the community. The current approach in Scotland is entirely ‘bottom up”: most PAD
placement is driven by individual philanthropists and third-sector organisations.*®
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10.

11.

Recent research analysing the link between PAD locations and the likelihood of OHCA in
communities in Scotland suggests that more deprived communities are affected
disproportionately by OHCA.?>* To achieve both equitable and cost-effectiveness of PAD
deployment, an evidence-driven approach consisting of data analysis and dissemination
of findings to enable informed PAD placement (e.g., PADmap, Save A Life for Scotland)
and implementation of ‘top down’ direction by central or local government to support
and enhance PAD placement is essential.

How do | find out how to purchase and install a PAD?

There are a number of resources available for those interested in learning how to
purchase, install, and maintain a PAD. Some of these resources are provided below:
e Scottish Government: https://www.gov.scot/publications/out-hospital-cardiac-
arrest-guide-public-access-defibrillators/
e Scottish Ambulance Service: https://www.scottishambulance.com/your-

community/automated-external-defibrillators/purchasing-an-automated-

external-defibrillator/
e British Heart Foundation: https://www.bhf.org.uk/how-you-can-help/how-to-save-

a-life/cpr-training-in-communities/defibrillators-in-communities

Which PAD should | buy?

There are many different models of automated external defibrillators that can be used
as PAD. While features and designs may vary between models, all defibrillators sold in
the UK must undergo regulatory approval by the Medicines and Healthcare products
Regulatory Agency (MHRA), so the main function of providing appropriate electric shocks
to restart an OHCA patient's heart will be effective for all defibrillator models.

How can a newly purchased PAD be made known to SAS?

In order for a PAD to be known to SAS in the event of a nearby OHCA, the PAD must be
registered on the National Defibrillator Network database, otherwise known as The
Circuit'. Once registered, the PAD can then appear on the computer aided dispatch (CAD)
system used by SAS, and the call handler is then able to direct bystanders to the PAD.

PAD can be registered through The Circuit website: https://www.thecircuit.uk/
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12. Are there concerns about theft or vandalism of PAD? Should PAD be kept in

13.

14.

locked cabinets?

There is concern that without locked cabinets, PAD will be stolen or tampered with.*®
Theft and vandalism of PAD does occur, although reported rates of PAD theft and
vandalism are low, and there is limited evidence as to whether using locked cabinets will
affect the likelihood of vandalism.®® In January 2023 there were 5,629 PAD registered on
The Circuit in Scotland, 33% of which were in locked cabinets.®

Though there is scant published evidence, there is substantial anecdotal evidence that
locked cabinets can cause significant delays in the retrieval of PAD by bystanders. These
delays are caused by a number of factors including availability of the passcode and
dexterity of bystanders in navigating the locking mechanism.>° From the perspective of
ensuring maximally rapid deployment of PAD to an OHCA in an emergency, unlocked
cabinets are almost certainly preferable.

Should PAD be located outside or inside buildings?

Locating PAD inside buildings can pose a challenge to bystanders: not all buildings are
easy to navigate and not all buildings with PAD may be accessible by the public during
off hours. This significantly limits the usefulness of a PAD placed within a building.
Research suggests that up to half of OHCA occurring at nighttime or on weekends had
PAD that were nearby but were in buildings outwith business hours, meaning they most
likely would not have been accessible to those OHCA.>*"

An alternative is to place PAD outside, such as on the exterior wall of buildings. However,
these PAD must be weather proofed to handle the elements. This can increase
maintenance cost and be more susceptible to vandalism, although reported rates of PAD

theft and vandalism appear to be low.*®%

Whose responsibility is it to maintain and look after the PAD? What is involved in
looking after the PAD?

Generally, the PAD ‘guardian’ (who is tasked with maintaining the PAD) is either the
individual or organisation who owns the location of where the PAD is placed: for
example, a PAD placed on the exterior wall of a pub would be the pub owner’s
responsibility. There are some exceptions, such as community groups who take on the
role of guardianship for PAD in a given area; however, it is up to the PAD owner and
these groups to first come to an agreement for this to occur.
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PAD guardianship generally involves regular inspection of the PAD and its cabinet for
signs of damage, testing the PAD to ensure that it is in working order, and replacement
of the battery and adhesive pads (that are applied to the OHCA patient) at regular service
intervals or after the PAD has been used.

Future Developments in Defibrillation

15.

16.

17.

What about using drones to deliver defibrillators?

Drone delivery of defibrillators is currently being explored as a method to provide faster
access to defibrillation for OHCA, especially those that occur in locations challenged by
traffic congestion and unavailability of PAD.>*'® Early stage research suggests that
drones can often arrive at OHCA locations prior to ambulance services, especially if a
drone network is well-configured using past OHCA data.'”’"'"® A trial programme of
drone-delivered defibrillators for OHCA is currently underway in Sweden,'"° with
other countries likely to follow in the near future.

Many uncertainties regarding drone delivery of defibrillators remain, such as the
reliability of drones, whether bystanders can swiftly retrieve a drone-delivered
defibrillator and apply it to the OHCA patient, and the cost-effectiveness of such
programmes. Further research is required before a definitive answer can be reached
regarding whether drones are a worthwhile investment to improve OHCA outcomes.

What is the future of PAD technology?

Ongoing efforts are being made to develop smaller (as small as a mobile phone) and less
expensive PAD that can be purchased and carried by individuals.® Personally owned
PAD can reduce the need for distributed PAD placements if the majority of citizens have
personal access to such technology. There is hope to change the PAD availability
landscape in the market by increasing availability to PADs and rates of early
defibrillation.

Will GoodSAM make a difference to PAD use?

GoodSAM is likely to increase the number of bystanders available by alerting them of
nearby OHCA and therefore will likely result in more people near OHCA who are able
and willing to retrieve PAD.
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18.

In contrast to some other crowdsourcing OHCA alert systems, GoodSAM only directs
responders to the OHCA location, rather than a split strategy of routing some
responders directly to the OHCA and others to nearby PAD first before proceeding to
the OHCA. This is a deliberate strategy on behalf of GoodSAM, designed to ensure that
starting bystander CPR is prioritised and not inadvertently compromised by attempts to
retrieve PAD. Little research has been done into the merits of this approach: one small
study did appear to vindicate this strategy,'"’ but more analysis is needed before a
definitive conclusion can be reached.

What research/improvement activity is currently going on in Scotland to improve
the rate of early defibrillation and therefore survival after OHCA?

Several ongoing activities are taking place in partnership between SAS, Save A Life for
Scotland, the University of Edinburgh, and community groups to improve the rate of
early defibrillation to better survival rates of OHCA. Some of the activities are as follows:
e PADmap, a web portal designed to provide users with ideal placement locations
for new PAD
e PADsim and PADcomms, research and quality improvement projects aimed to
optimise interactions between the SAS call handler, bystander, and PAD
e Novel schemes by some local councils to facilitate guardianship of PADs, help
replace consumables and streamline PAD placement
e Academic research into the effectiveness of community cardiac responder
schemes, such as the Sandpiper Wildcat scheme in Grampian
e Evaluation of up-and-coming technologies such as drone delivery of defibrillators
as well as smaller, lower cost single-use defibrillators
e Launch of GoodSAM to increase the number of bystanders available at OHCA to
help with CPR and defibrillation
e Save A Life for Scotland partnership to promote CPR and defibrillator
familiarisation, with the goal of engaging 1 million contacts by 2026

19. Are all OHCA receptive to defibrillation? What about OHCA where defibrillation

doesn't help?

Successful defibrillation for OHCA requires the patient to have a ‘shockable’ heart
rhythm, specifically known as ventricular fibrillation. Around 75% of OHCA do not
present with a shockable rhythm, and the survival rate for these patients is typically very
low.?
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Research shows that OHCA that have faster response or that have CPR applied by
bystanders are more likely to have a shockable rhythm.**''? Therefore, improving rapid
access to PAD can also increase the chances of successful defibrillation and thus can also
result in increased chances of survival.
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