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Abstract

Background/Aims: Limited bystander assistance and delayed emergency medical service arrival reduce the chances of survival in cardiac arrest
victims. Early basic life support through trained first responders (FR) and automatic external defibrillation both improve the outcome. Well-organized
FR networks have shown promise, but guidance on effective implementation is lacking. This study evaluates two FR networks, in Belgium and in
Switzerland, to identify main advancements in the development of such systems.

Method: Direct comparison is made of the barriers and facilitators in the development of both FR systems from 2006 up until December 2022, and
summarized within a roadmap.

Results: The Roadmap comprises four integral steps: exploration, installation, initiation, and implementation. Exploration involves understanding
the national legislation, engaging with advisory bodies, and establishing local steering committees. The installation phase focuses on FR recruitment,
engaging specific professional groups such as firemen, registering public Automated External Defibrillators (AEDs), and requesting feedback. The
initiation step includes implementing improvement cycles and fidelity measures. Finally, implementation expands the network, leading to increased
survival rates and the integration of these practices into legislation. A significant focus is placed on FR’s psychological wellbeing. Moreover, the road-
map highlights the use of efficient geo-mapping to simplify optimal AED placement and automatically assign FRs to tasks.

Conclusion: The importance of FR networks for early resuscitation is increasingly recognized and various systems are being developed. Key develop-
mental strategies of the EVapp and Ticino Cuore app system may serve as a roadmap for other systems and implementations within Europe and beyond.
Keywords: First responders, Mobile phone application, Europe, Challenges, Roadmap

(CI: 1.36, 2.18)).% International guidance supports the implementa-
tion of systems that dispatch citizens as FR to suspected
OHCA.'0'2

Introduction

Community-based first responder systems
Sudden out-of-hospital cardiac arrest (OHCA) is the third leading Emergency medical system in Belgium and Switzerland

cause of death in Europe.” In Europe, the overall incidence of OHCA, The ‘EMS landscape’ and setting in which both the Belgian'® and
where cardiopulmonary resuscitation (CPR) is attempted, was 56 Swiss FR systems have been developed are largely comparable
(range 21-91) per 100 000 population per year.? Important determi- (Table 1). Aside from geographical differences, main structural

nants of survival in OHCA are early CPR as part of basic life support difference entails a higher ‘FR basic’ or volunteer population in
(BLS) and rapid defibrillation to restore spontaneous circulation.> Ticino, which is linked to the nationally adapted availability and
Delayed arrival time of the emergency medical services (EMS) has legislation.

been associated with poor survival.®” Two different meta-analyses

have both confirmed increased survival with similar or increased Emergency volunteer application (EVapp)

favourable neurological outcome if early defibrillation was performed, In Belgium, a community-based emergency FR network has been
either by bystanders or citizen first responders (FR), in comparison established to respond to OHCA using the EVapp smartphone appli-
to the standard EMS response (OR 1.45 (CI: 1.21-1.74) and 1.73  cation.'* EVapp mobilizes FR to perform CPR and uses publicly
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Table 1 - Overview of demographic, geographic, and EMS landscape. OHCA, out-of-hospital cardiac arrest; N/A,
not-available; BLS, basic-life support provided by paramedic; ALS, advanced life support provided by specialised
physician and trained emergency nurse; AED, automatic external defibrillator.

Parameter Belgium

Switzerland

Population
506,922 inhabitants), 4.8%)
377 inhabitants per km?
Largely rural and flat

Population Density
Geographical setting
Emergency services
Average EMS response time
(BLS)

Average MUG/ SMUR
response time (ALS)

AED registration
Lay-responders AED use
National number of AED

10 minutes
16.7 minutes (median 12 minutes)
Required by law

Authorised
Over 10 000 devices

11.6 million (Hoogstraten: 21,386 inhabitants, Province Antwerp

Federal, Regional dispatching centre

8.5 million (Canton Ticino 353,343
inhabitants, 4.1%)

219 inhabitants per km?

Mountains, valleys, and lakes
Federal, Regional dispatching centre
8 minutes

10 minutes
Required by law

Authorised
N/A

EMS

Medical Emergency Coordination Center
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Fig. 1 - Schematic representation of the Emergency Volunteer Application system (EVapp). EMS, Emergency
Volunteer Services; AED, Automatic External Defibrillator. Created with BioRender.com.

available defibrillators (PAD) in response to suspected OHCA before
the arrival of EMS (Fig. 1).

When the 112-dispatch centre receives an emergency call,
EVapp FR are activated in parallel with the standard EMS. The sys-
tem compares the position of the incoming emergency call to the
geographical position of all FR and the location of AEDs. The FR
within 1 km first receive a warning alert which they can accept or
decline. Subsequently, the radius is increased up to 1.5 km. The first
two FR accepting the alert are send directly to the victim. The follow-
ing two are sent to the victim via the closest AED. The fifth FR is sent
directly to the victim. If too few FR are found with active geolocation,
a short text message or SMS-alert is send to FR that have a regis-
tered home or working address within 1.5 km. The distance to the
nearest AED is calculated in walking distance, programmed within
the system. Instructions on how to reach non-24/7 accessible AEDs
are available.

Ticino Cuore mobile APP

In 2005 a non-profit organization — Fondazione Ticino Cuore (FTC) —
has been created with the mission to educate the population about
OHCA, and to counsel local EMS to improve delivery and efficiency
of the CPR and AEDs. Over the years, FTC has undertaken a num-
ber of key initiatives including training of lay persons in BLS and use

of AED, implementation of the “culture” of FR, increasing the number
of AEDs and increasing the focus on early revascularization. The
Ticino Cuore mobile app is an application citizens can download onto
their mobile device from the Apple App Store or Google Play for free
(Fig. 2).'® The mobile application automatically calculates the esti-
mated time of arrival of the FR (walking distance) compared to the
EMS and only notifies those who may arrive before the EMS. Notifi-
cations are possible through push-notifications and SMS. Nearby
registered AEDs are flagged on the map to facilitate their access
to FR involved in the mission.

Methodology

This paper was created to give an overview of the development of
two FR systems EVapp (Belgium) and Ticino Cuore app (Switzer-
land) in a European setting. A direct comparison is made of the bar-
riers and facilitators in the development of both systems. Experience-
based data and national documentation is used from 2006 up until
December 2022. The results have been summarized, according to
the process of active implementation frameworks,'® to propose a
roadmap for effective FR network. The roadmap integrates experi-
ences from Belgium and Switzerland.
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Results

The Emergency Volunteer Application (EVapp) system has been
implemented in Hoogstraten (0.2% (21,386/ 11,600,000) of Belgian
population) in 2017. The Ticino Cuore app has been implemented
in Canton Ticino (4.1% (353,343/8,500,000) of Swiss population).
A two-by-two comparison is made based on analysis of internal reg-
istered data of both systems (Table 2, Fig. 3). In the EVapp system,
all FR have a dedicated role, based on their location and allocated by
the system. In contrast, the Ticino system limits the number of FR
activated and uses location-based calculations to exclude those
likely to arrive after the EMS, preventing FR from becoming fatigued
due to futile activations. Ticino Cuore has a decade longer experi-
ence and broader geographical area, reflected in a higher amount
of registered FR. The dynamics of both strategies are reflected in
the overall response rate.

Legal framework

In Belgium, the EMS response to emergency calls made to the 112-
dispatch centre is regulated by the Law of 8 July 1964. According to
this law, the dispatcher can only call on the services of a doctor, an
ambulance service, a Mobile Emergency and Resuscitation Services
(SMUR/MUG) or hospital. A separate article of the law provides for
the possibility of also including “other interveners”, insofar as this is
arranged via a royal decree. The other intervener is not necessarily
a practitioner of a healthcare profession, such that, for example, indi-
viduals who have completed CPR training could get involved. A royal
decree has yet to be implemented to establish the qualifications,
training, availability, territorial distribution, equipment, and operation
of such interveners. To initiate the pilot project of EVapp in Hoogstra-
ten, various advisory bodies such as the Provincial Commissions for
Urgent Medical Assistance, the National Council for Urgent Medical
Assistance, and the 112-dispatch centre were consulted to deter-
mine the requirements for EVapp FR. Additionally, the EVapp sys-
tem had to comply with the rights of volunteers outlined in the
Belgian Law of July 3, 2005. EVapp FR are considered volunteers
under this law and are protected from liability, provided that EVapp
is organized by a non-profit association. Pursuant to this law, the
organization is liable for any accidental damage caused by the FR

Out-of-Hospital
Cardiac Arrest
Bystander Call

éy‘

Location and estimated |~ . g
ambulance arrival time g

and is required to have insurance coverage to mitigate the risks
associated with volunteering. EVapp has opted for comprehensive
coverage including civil liability for physical or material damage
incurred during mobilization towards the victim or AED and during
resuscitation, as well as additional accident insurance.

In Ticino, every citizen who becomes FR is required to read and
accept the regulation on the conditions of use of the mobile app.
Moreover, the user undertakes not to disclose sensitive information,
not to cause damage to property and persons, assuming any
responsibility.

Privacy

Within both applications, the following data may be collected and
linked to the user 1) location, 2) contact information, and 3) identi-
fiers. In Belgium, the collection and transfer of personal data of an
OHCA victim by the 112-dispatch center to the EVapp server and
onto the EVapp FR is regarded as processing of health data and is
subject to strict legal policies prioritizing citizens’ privacy. These poli-
cies in principle require the duty to inform the victim, recognition of
the supervision of the Privacy Commission, and adherence to strict
general principles and mandatory contractual arrangements. A cus-
tomized protocol agreement defines the cooperation, data exchange
and protection policies, and situations in which the network should be
activated, between EVapp, 112 dispatch centers, and the (see
further).

In Ticino, the user agrees not to disclose sensitive information or
cause harm to property or individuals, while also assuming responsi-
bility. From a legal point of view, FR network respects national laws
on data protection and privacy (Law n.163.100 of March 9th, 1987).
In both systems, the location of the alert is only disclosed after a FR
accepts the mission.

Campaign and financing

In Belgium, the EVapp system maximizes community resources by uti-
lizing available AED and BLS trained individuals.'* Recruitment is done
mainly through interactions with professional and non-governmental
organizations. The network’s current costs are covered by local author-
ities or governments. To give an example, the city annually allocates
approximately 7000 euros for the operation and maintenance of the

alert time: 26102016 15:04:23
Ambuance arrival: ~ 7 min

v

Q.
«

e >
3:<]

Victim
‘3 ? FR Accepted

? FRrefused

Fig. 2 - Schematic representation of the Ticino Cuore mobile Application system. EMS, Emergency Medical Services;
CC, central coordinator; FR, first responder. Adapted from Caputo et al. (2017) (1).
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Table 2 - Comparison between both systems EVapp and Ticino Cuore App. AED, automatic external defibrillator;

FR, First Responder; SMS, standard short message.

Ticino Cuore App

System EVapp
1. Initiation of the system

Year of 2017
Implementation

Location of Hoogstraten, Belgium
Implementation

2. AEDs and type of Volunteers
Number of AEDs 22
(December 2022)

Number of FR 340
(December 2022)

Number of FR on the 1.6%
total population (in %)

Ratio AED to FRs 1:2
AEDs privately owned 45%

Types of FR e Lay FR-basic (paramedic, policemen, fire-
fighter, lifeguard, other volunteer)
e Lay FR-advanced (off-duty healthcare person-

nel such as advanced nurses, medical doctors)

3. System specifics
Equipment 2 lay responders are navigated to the closest AED,
additional nearby AEDs shown on a map.

Volunteer Activation All nearby volunteers are activated.

Closure of responder
call

When 5 volunteers have accepted using
geolocation, or indefinite number in case of SMS
activation.

Ranging from 55 to 75%

Notification through mobile push-natification based
on geolocation or SMS (work and home address).

Response Rate
Notification System

2014

Canton Ticino, Switzerland

1592
5931
1.7%

1:3
64%
e Professional FR (on-duty policemen, firefighters on patrol)
e Lay FR-Basic (off-duty non-medical personnel)
e Lay FR-Advanced (off-duty medical personnel)
e Rapid Responders (off-duty paramedics living in remote
areas)

AED navigation not included; nearby AEDs shown on a map.

All volunteers nearby are activated, only those with a
transportation time less than the EMS arrival time are then
activated.

Maximum of 6 volunteers, 1 for each professional or lay
advanced/rapid FR and 3 for lay basic FR.

Ranging from 70 to 80%.
Notification through a mobile push notification.

-

. Statbel, het Belgische statistiekbureau | Statbel [Internet]. [cited 2023 May 1]. Available from: hitps://statbel.fgov.be/nl.

15. Caputo ML, Muschietti S, Burkart R, Benvenuti C, Conte G, Regoli F, et al. Lay persons alerted by mobile application system initiate earlier cardio-pulmonary
resuscitation: A comparison with SMS-based system notification. Resuscitation 2017;114:73-8. https://doi.org/10.1016/J.RESUSCITATION.2017.03.003.

19%

46%
11%

2%

10%

6% 3%

3%
M Paramedic M Firefighter
Police officer ® Nurse/ midwife
B Medical doctor M Health and safety officer

Lifeguard H Volunteer (other)

B

2% 0.50%
14%

84%

Lay FRs - Basic
[ ]
Professional FRs

M Lay FRs - Advanced

Rapid Responders

Fig. 3 - Overview of the first responders background in the EVapp system (A), and Ticino Cuore app (B). FR, first

responder.

EVapp system. This investment encompasses various facets of the
system, including technical infrastructure, volunteer management
and insurance, real-time AED mapping available 24/7, integration with

EMS, and overhead expenses. This represents a strategic expendi-
ture, maintaining the functionality and effectiveness of the emergency
response tool.
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In Ticino, the development and maintenance of the FR network,
including mobile app management, is part of the mission statement
of Ticino Cuore Foundation, funded mostly by private donors and
Cantonal contributions.

Practice-policy connections

The development of the EVapp network greatly benefited from the
development of a local steering committee. The committee consists
of political and official representation of the city, and technical part-
ners (software provider, (regional) EMS and ambulance center). In
addition, representation from the general practitioners and paramed-
ical professions, fire brigade zone, local health-related non-
governmental organisations, welfare advisory councils, local school
organisations may offer added value. The steering committee meets
at least twice a year and is accountable of the local embedment of
the project. Within this steering committee, the interventions are dis-
cussed, to identify points for improvement. A firm privacy policy is in
place to allow data sharing within the committee.

In Ticino, the establishment of a FR network was the main goal of
the non-profit organization, Fondazione Ticino Cuore. Entrusted by
the local EMS, the organization was given the mandate to manage
the OHCA registry and to implement critical strategies aimed at
enhancing public awareness of cardiac arrest and encouraging com-
munity participation in resuscitation efforts.

Recruitment of the first responders

Healthcare professionals and certified laypeople with 3 hours of BLS
training in the last 5 years can join the EVapp network after verifying
their certificate through the EVapp website. EVapp does not provide
additional training but instead promotes existing high-quality training
offered by organizations in the region. Promotional material was pro-
vided to the city during the pilot project to support recruitment of FR,
and multiple channels were used to launch the project. Regular
social events are held to emphasize the importance of the FR com-
munity network and demonstrate the operation of the EVapp system.

Since 2002, the Fondazione Ticino Cuore has implemented
strategic initiatives to strengthen bystander resuscitation attempts
and FR networks in Swiss Canton Ticino. These initiatives include
resuscitation training for laypeople and students, improving tele-
phone guidance from emergency dispatch centers, introducing
SMS and mobile app-based FR recruitment systems, and improving
public AED territorial coverage. Lay citizens and professional FRs
were recruited via various channels, including websites, social
media, and health centers. BLS certification is required to join the
FR community and receive OHCA notifications through the app. By
December 31, 2022, 18.4% of the resident population had completed
a BLS-D course that complies with the recommendations of the
European Resuscitation Council."”

Currently, both systems have surpassed the minimum require-
ment of including at least 1% of the total population as FR as well
as a favorable AED to FR ratio (Table 2). The 1% threshold confirms
that coverage is sufficient to dispatch volunteers to OHCA."*

Aftercare

The EVapp system provides different forms of aftercare, including
hot and cold debriefings and feedback forms (cfr. Supplementary
Materials I-Il). Feedback forms are automatically sent within 24 hours
and are used to gather information about the intervention and the
need for further aftercare. In case a person needs special assistance
after the intervention to process the traumatic event, EVapp guideS

the FR to the local 'Centre for General Welfare’ (CAW) or to regular
professional assistance.

In Ticino, FRs are asked to complete a web-based questionnaire
covering aspects such as the intervention, perceived intervention
times, challenges encountered, treatment attempted, collaboration
with EMS personnel, interaction with EMS dispatcher, and willing-
ness to continue participation in the FR network. The Ticino Cuore
Foundation celebrates the “Knight of the Heart” award annually to
recognize individuals who have responded promptly to sudden car-
diac arrest events and saved lives through CPR. The ceremony, held
in a beautiful theatre, aims to promote community involvement in car-
diac arrest management and strengthen the idea that a system can
save lives. Over 600 people have been recognized so far. Since
2019, psychological support is also offered free of charge to FRs
who may require it following a resuscitation.

Inclusion of AED

During the pilot implementation of the EVapp system, experience
showed that the governmental registration of available AEDs was
incomplete and contained errors. It was attempted to maximally
increase the availability of AED (by, for example, providing an out-
door mounting box), which is preferred over investments into new
devices. Through increased awareness, guidance, follow-up and col-
laboration with the local governments and private partners, the
EVapp AED database remains up to date. The EVapp system guides
placement of AEDs based on the factors of maximal radius of cover-
age of 1500 meters, minimal AED overlay and 24/7 public availability
and is therefore a readily integrable and workable strategy. At the
end of the pilot project, 22 AEDs and 340 FR were available, corre-
sponding to 0.2 AED and 3.2 FR per square kilometre, thus allowing
to meet the EVapp coverage criteria.

Fondazione Ticino Cuore owns and registers all AEDs in Canton
Ticino, and lends them to individuals, corporations, and institutions.
AED details such as coordinates, location, and availability are
recorded. OHCA events are categorized into urban and rural areas
based on population and population density. Canton Ticino has 6
urban and 125 rural municipalities. AEDs provide 23% coverage
for all OHCA events and 15% coverage for public OHCA events.
Coverage is higher in urban areas than in rural areas.'® The current
version of the application prioritizes the FRs to deliver CPR rather
than the AED retrieval; however, each FR may discretionally choose
to retrieve an AED."®

Roadmap to implementing effective FR system

To effectively build a community network of FR, a roadmap was cre-
ated based on experience from Belgium and Switzerland, consider-
ing the process of active implementation frameworks.'® Key
strategies for implementation consist of 4 main steps (Fig. 4). Explo-
ration involves assessing existing “black spots” in fast EMS
response, consultations with national legislation- and advisory bod-
ies and preparing installation via local steering committees. Effective
installation requires involvement of local drivers (recruitment of FR,
involvement of specific professional groups (e.g. police officers), reg-
istration of PAD), developing readiness by financing and campaign-
ing, and developing fidelity measures. In initial implementation, these
steps are repeated, leading to further improvement, increased
capacity and validation of the system via fidelity measures (using
e.g. previously developed feedback forms). After implementation at
sufficient scale, the improved outcome (i.e. increased survival to hos-
pital discharge, or gain in quality adjusted life years®® can be more
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Roadmap to Implementi ective First Responder Networks

EXPLORATION

o Assess Need

"Black spots" EMS or
low survival OHCA

. X ¢ Develop
o Establish Practice- Readiness

Policy Loop

National Legislation &
Emergency Medicine
Advisory Bodies

Recruitment

Measures

e |Implementation
Teams

Local Steering
Committees

¢ Examine Drivers

Private & Public AED

and FR co-operation

Campaign, Financing &

o Develop Fidelity

Feedback Forms &
Steering Committee

INITIAL

IMPLEMENTATION IMPLEMENTATION

e Initiate o Achieve Fidelity
Improvement H
Cycles Nationwide Expansion
H H and repeating
Regional improvement cycle

Implementation

o Capacity for e |mprove Outcome

Implementation

drivers QALY and Survival Gain
Existing Local Channels )
o Sustain the
o Assess Fidelity Practice-Policy
Loop

Time to CPR &
Defribillation Frequency / Continuing
Relevant H
StakeholderEmbedment
in Legislation & highest
TRL

Fig. 4 - Roadmap for FR networks. AED, automatic External Defibrillator; CPR, Cardiopulmonary Resuscitation; EMS,
Emergency Medical Services; OHCA, out-of-hospital cardiac arrest; TRL, Technology Readiness Level;. QALY,
quality-adjusted life years. Created with BioRender.com. Figure based on Blanchard et al. (2017) (2). Caputo et al.

(2017) (15).

reliably calculated, advancing to the next technology readiness
level.?' The system is then sufficiently mature for vast embedment
in policy or legislation. It is crucial to perform analysis before and
after each improvement cycle.

Discussion

The proposed roadmap for establishing FR networks includes four
steps: exploration (understanding national legislation and forming
committees), installation (recruiting FRs, involving professional
groups, and registering AEDs), initiation (implementing improvement
cycles and fidelity measures), and implementation (network expan-
sion and legislative integration). The psychological wellbeing of FR
must be prioritized. The incidence of significant prolonged. Geo-
mapping for optimal AED placement and FR task allocation is highly
recommended.

In 2022, main challenges are AED accessibility, meaning AED
proximity to the OHCA, bystanders’ awareness and willingness to
use nearby AEDs.?® Different strategies have been evaluated for
the most optimal AED placement. American Heart Association and
ERC guidelines recommended AED placement in locations with a
“relatively high likelihood of witnessed cardiac arrest” or “in public
places with a high density and movement of citizens, where cardiac
arrests are usually witnessed”, respectively.’?>* Studies have
demonstrated that OHCA are distributed in clusters, which remain
relatively stable over the years, rendering these locations suitable
candidates for the placement of AEDs, predictive of future
OHCAs.?>2” However, most OHCA have appeared to occur ran-
domly in areas with low population density, such as residential loca-
tions.”®> A recent study from the Netherlands recommended a

density of >2 AEDS and >10 FR per square kilometre to achieve
bystander defibrillation in <6 minutes in residential areas.?® Rather
than actual GPS-based location and guidance, a text message alert
based on static data of the volunteers was used (home and work
addresses). Optimisation models have increased AED coverage with
relative gains of up to 50-95%, relocating AED based on historical
OHCA, 24/7 availability, adjacent AED proximity and predetermining
the roundtrip distance individuals may travel within a predetermined
time.?*2° Both EVapp and the Ticino Cuore app localise FR based
on their actual GPS-based coordinates and guides them to the
AED and victim via their preferred navigation app. In Ticino, the vast
majority (85%) of FRs reached the OHCA victim by car or by bicy-
cle.’ Extensive travel guidance and the fact that responders may
feasibly travel faster than walking speed, eventually by other travel
modalities, or via (unmapped) short-cuts®® may account for the
acceptance of prolonged distances. Ticino Cuore app prioritizes
the FRs to deliver CPR rather than the AED retrieval; however, each
FR may discretionally choose to retrieve an AED.

Previous research has shown that CPR experience increases the
likelihood of providing care after an alert.?*2. The incidence of signif-
icant prolonged adverse effects on FRs is likely to be low,**~%¢ yet,
FR have highlighted the psychologically challenging situations and
the importance of well-being. Debriefing by the EMS personnel
should indeed be available to bystanders following a resuscitation
attempt,®” as it was frequently employed as a coping strategy.’

Several limitations are considered in this paper. Firstly, the study’s
scope is concentrated on European settings, limiting the global appli-
cability of the findings. Secondly, the primary source of data used in
developing the roadmap stems from experiential insights, which can
be further confirmed using systematic empirical research from other
FR networks. Finally, although the roadmap proposed in this study
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has undergone rigorous stress testing over more than 5 years, it is
limited to the two included FR networks. Further research is required
to validate the roadmap in different global contexts.

Conclusions

The importance of FR networks is increasingly recognized, and var-
ious systems are being developed. Experiences and key strategies
of EVapp in Belgium and the Ticino Cuore app in Switzerland may
serve as a roadmap for other systems’ implementations within Eur-
ope and beyond.

Compliance with ethical standards

The Emergency Volunteer Application (EVapp) project was accepted
as a test project in 2016 by the National Council of Emergency Med-
ical Care in Belgium (NRDGH), within the Federal government of
Belgium. A first test project was started in March 2017 in the city
of Hoogstraten. The design of the application was in coherence with
the Belgian Privacy Commission and due to National Council
approval, including an ethics section, did not require ethical commit-
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In Swiss Canton Ticino a network was developed without a speci-
fic Ethics approval. Ticino Cuore Foundation as non-profit organiza-
tion was commissioned for creation of the local first responders
network by the Local EMS Service and Hospital Institutions (includ-
ing an ethical section). Moreover, the creation and management of
a first responder network did not require specific authorization under
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