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Abstract

The European Resuscitation Council (ERC) developed the Systems Saving Lives Guidelines, based on the 2025 ILCOR Consensus on Science with
Treatment Recommendations (CoSTR). These Guidelines addresses various topics including the Chain of Survival, advocacy, CPR awareness
campaigns, Kids Save Lives, resuscitation in low-resource settings, social media, first responders, EMS organisation for cardiac arrest, in-
hospital cardiac arrest management, cardiac arrest centres, system performance improvement, survivors and co-survivors, and new technologies
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Introduction

These ERC Guidelines 2025 on Systems Saving Lives explain how var-
ious factors can work together to improve the care of cardiac arrest
patients, not through isolated actions, but via a comprehensive,
system-level strategy. This chapter aims to present the best practice
based on the highest quality evidence available, regarding interventions
that healthcare systems can implement to improve outcomes from car-
diac arrests occurring both outside and inside hospital settings (Fig. 1).
The intended audience includes governments, stakeholders in
health and education systems, healthcare professionals, educators,
students, laypeople, and communities affected by cardiac arrest.
The importance of the Systems Saving Lives approach to cardiac
arrest is highlighted within the chain of survival. Key components
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include cardiac arrest centres, rapid response teams to prevent in-
hospital cardiac arrest (IHCA), and the collaboration among commu-
nity, Emergency Medical Services (EMS), and hospital healthcare pro-
fessionals. This system involves everyone, from schoolchildren
learning CPR to citizens, ready to initiate resuscitation after receiving
alerts on their mobile phones. The latest ERC guidelines extend their
relevance to low-resource settings, recognising the need for adaptable
solutions beyond high-resource healthcare environments (Table 1).
These Guidelines are derived from the previous Consensus on
Science with Treatment Recommendations (CoSTR) provided by
the International Liaison Committee on Resuscitation (ILCOR).'
The ERC Systems Saving Lives writing group has used published
systematic reviews and scoping reviews, alongside the CoSTR doc-
ument. This process includes thorough consideration of evidence-to-
decision tables, narrative reviews, task force discussions, and
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SYSTEMS SAVING LIVES
KEY MESSAGES
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and stakeholder coordination
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Fig. 1 - Systems Saving Lives - key messages.

justifications during the development of these Guidelines. For topics
not reviewed by ILCOR, other reviews, single studies, surveys, or
expert consensus from the writing group members have been used
to inform these Guidelines.

The methodology used for the guideline development is presented
in the Executive Summary.? The Guidelines were posted for public
comment between 5. and 30. May 2025. A total of 31 individuals sub-
mitted 31 comments, leading to five changes in the final version. Feed-
back was reviewed by the writing group and updates were made
where relevant. The Guidelines was presented and approved by the
ERC Board and the ERC General Assembly in June 2025.

The term cardiopulmonary resuscitation (CPR) in these Systems
Saving Lives Guidelines refers to the entire resuscitation procedure,
not just chest compression and ventilation. The term “co-survivors”
includes family members, significant others, close friends, or next
of kin.

Concise guidelines for clinical practice

The chain of survival

e The chain of survival is a concept that summarises the complex
Systems Saving Lives approach. It is intended for everyone
involved in resuscitation care, including lay persons, healthcare

professionals, educators, and stakeholders. The concept can
be used for a variety of purposes, ranging from raising awareness
to inclusion in educational materials.

e For simplicity and consistency, the four-link format is used by the
ERC.

e For specific situations or target audiences, a multifaceted chain
system (i.e., the basic chain of survival plus additional elements)
may be applied.

The formula of survival

e The formula of survival depicts the overarching system behind a
successful chain of survival and its underlying factors. It can be
used to highlight the complex interaction of science, education
and implementation to achieve optimal outcomes.

The three interactive factors are: Science (referring to the
continuous evaluation of evidence by ILCOR and the develop-
ment of evidence-informed guidelines by the ERC); Education
(referring to resuscitation training for those who may poten-
tially, or actually take care of cardiac arrest patients—training
that must be effective and up to date); and Implementation
(referring to a well-functioning chain of survival at both regio-
nal and local levels, potentially adapted to various resource
settings).
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Table 1 - The major changes in the ERC Guidelines 2025 for Systems Saving Lives.

ERC Guidelines 2021

ERC Guidelines 2025

The chain of survival and formula of survival

Both describe a series of actions linking a person who experienced
sudden cardiac arrest to survival. Emphasis was placed on
combining high-quality science with effective education for both
laypeople and healthcare professionals. These Guidelines
highlighted the importance of implementing resource-efficient
systems of care that could improve survival rates following cardiac
arrest within healthcare systems.

Community initiatives to promote CPR implementation
European Restart a Heart Day (ERHD) & World Restart a Heart
(WRAH).

Awareness efforts were divided into two distinct areas: European
Restart a Heart Day (ERHD) and World Restart a Heart (WRAH),
and community initiatives. National Resuscitation Councils,
governments, and local authorities were encouraged to engage in
WRAH, raise public awareness about bystander CPR and
automated external defibrillator (AED) use, train large numbers of
citizens, and develop life-saving systems and policies. Separately,
healthcare systems were urged to implement widespread
community CPR training programmes at various levels, from local
neighbourhoods to entire nations.

Kids Save Lives

The Kids Save Lives initiative recommended annual CPR training for
all schoolchildren, focusing on the Check—Call-Compress method. It
encouraged children to teach at least ten others within two weeks,
creating a multiplier effect. CPR training was also promoted for
students in higher education, particularly those in healthcare and
teaching fields. These Guidelines called for Ministries of Education
and political leaders to implement mandatory CPR education by law
across Europe and beyond.

Low-resource settings

The focus was on the need for more research into cardiac arrest in
low-resource settings, emphasising the importance of understanding
different populations, aetiologies, and outcomes while following the
Utstein guidelines, and of considering psychological and
sociocultural factors. Experts from diverse settings were to be
consulted to ensure that guidelines were acceptable and applicable
locally. Additionally, the development of a list of essential
resuscitation resources specifically tailored for low-resource
environments was recommended, in collaboration with local
stakeholders.

The chain of survival and formula of survival

Expansion of the concept, presenting the chain of survival as part of
a broader Systems Saving Lives approach. It is designed for all
stakeholders, lay persons, healthcare professionals, educators, and
policymakers. The preservation of a four-link chain format provides
consistency, while also enabling an expanded, multifaceted concept
tailored to specific situations or target audiences. The focus is on
integrating the chain into public awareness, education, and system-
wide resuscitation efforts.

Advocacy

This new recommendation emphasises advocacy by encouraging
governments, local authorities, and NRCs to promote policies that
improve survival and quality of life following cardiac arrest. Key
actions include public awareness campaigns (e.g., World Restart a
Heart — WRAH), mandatory CPR education in schools and for
drivers (e.g., Kids Save Lives), and enhancing workplace emergency
preparedness (e.g., Alliance for Workplace Awareness & Response
to Emergencies — AWARE). Collaboration with stakeholders aims to
promote engagement with EU legislative bodies and local
governments to support cardiovascular health and harmonise CPR
policies (e.g., the European Alliance for Cardiovascular Health).
Major sporting events and public gatherings serve as key platforms
for promoting CPR education to diverse and large audiences.

Awareness campaigns and initiatives to promote CPR

The former topics were merged under a unified focus. NRCs,
governments, and local authorities are encouraged to support
community CPR education initiatives and actively participate in
WRAH. The aim is to raise public awareness of bystander CPR and
the use of automated external defibrillators (AEDs) to efficiently train
as many people as possible, and to develop innovative policies and
systems to improve survival outcomes.

Kids Save Lives

The initiative has been expanded and made more structured.
Cardiopulmonary resuscitation education is to start as early as age
four. Training progresses gradually, introducing more complex skills
as children mature. Children are encouraged to train family and
friends using take-home training CPR kits. Technology-enhanced
learning (e.g. virtual reality, serious games, apps) has been
introduced to complement traditional education. Mandatory CPR
education is reinforced through legislation, funding, and national
public awareness campaigns.

Resuscitation in low-resource settings

The approach is now more streamlined and practical. It continues to
promote research on populations, causes, and outcomes of cardiac
arrest, with adherence to reporting standards (e.g. Utstein
approach), and highlights the importance of including information
about the respective resource setting (e.g., income classification) in
publications. Cultural considerations should ensure that guidelines
are regionally acceptable and implementable. Adaptations of the
guidelines for specific resource settings—such as remote areas or
alpine regions—are suggested when standard guidelines are not
feasible.

(continued on next page)
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Table 1 (continued)

ERC Guidelines 2021

ERC Guidelines 2025

Social media and smartphones apps for engaging the
community

The focus was on encouraging European countries to implement
smartphone applications or text alert systems to notify trained and
untrained first responders—including lay persons, police, firefighters,
and off-duty healthcare professionals—of nearby out-of-hospital
cardiac arrests (OHCA). The goals were to increase bystander CPR
rates, reduce the time to first chest compressions and shock
delivery, and improve survival with good neurological outcomes.

Role of dispatcher

The focus was primarily on the role of dispatchers in the early
recognition of cardiac arrest and the delivery of dispatcher-assisted
CPR instructions. Dispatch centres were encouraged to use
standardised algorithms to quickly identify cardiac arrest during
emergency calls and to continuously monitor and improve their
ability to recognise these cases. There was a strong emphasis on
ensuring that call handlers provided clear instructions for chest
compression-only CPR to callers dealing with unresponsive adults
who were not breathing normally, reinforcing the importance of
immediate bystander intervention guided by dispatchers.

Early warning scores, rapid response systems, and medical
emergency teams

The focus was mainly on recommending the introduction of Rapid
Response Systems (RRS) to reduce in-hospital cardiac arrests and
related mortality. These Guidelines highlighted the importance of
early recognition and intervention but provided limited detail on
additional strategies.

Cardiac arrest centres

The recommendation was that adult patients with non-traumatic out-
of-hospital cardiac arrest (OHCA) should be considered for transport
to a cardiac arrest centre, based on existing local protocols. The
emphasis was on following established procedures to determine
whether patients would benefit from being taken to specialised
centres; however, there was limited guidance on broader system
organisation or the development of networks to support these
decisions.

Measuring the performance of resuscitation systems

The focus was on encouraging organisations and communities that
manage cardiac arrest to evaluate their system performance and
identify key areas for improvement. The emphasis was on
assessment and measurement, aiming to understand how
effectively resuscitation systems were functioning and to use that
information to guide improvements in performance.

Social media

New recommendations highlight social media platforms to be used
to enhance public awareness, education, and community
engagement in CPR and cardiac arrest. Schools, universities, and
healthcare institutions are encouraged to integrate short videos,
interactive content, and live sessions into CPR training programmes.
Such content should be validated by experts to ensure alignment
with international guidelines. Additionally, the effectiveness of social
media initiatives should be continuously monitored to assess their
impact on CPR training outcomes, bystander CPR rates, and
hopefully patient survival.

First Responders

The approach is now more structured and comprehensive. All
healthcare systems are advised to implement first responder
programmes dispatched by EMS and linked to AED registries,
covering both public places and private residences. New emphasis
is placed on ensuring the physical safety and psychological support
of first responders. Additionally, cardiac arrest events should be
reported using standardised methods to monitor system
performance and drive continuous quality improvement.

EMS organisation in response to cardiac arrest

The scope has expanded beyond dispatcher roles to encompass a
more comprehensive approach involving the entire EMS system.
Standardised algorithms for cardiac arrest recognition remain
important, but there is an added focus on public-access AED
deployment, ensuring AEDs are easily accessible, and equipping all
OHCA ambulances with defibrillators. EMS organisations are
encouraged to establish prehospital critical care teams, including
strategies to maintain team members’ resuscitation skills.
Additionally, systems are advised to implement structured decision-
making processes, including termination of resuscitation (TOR)
protocols, to improve patient outcomes and optimise care during
cardiac arrest responses.

In-hospital cardiac arrest management

The recommendations have expanded significantly. While Rapid
Response Systems remain central, the updated Guidelines places a
greater emphasis on broader strategies for improving system-wide
performance.

Cardiac arrest centres

The guidance has evolved to strongly advocate that adult patients
with non-traumatic OHCA should be cared for at a dedicated cardiac
arrest centre whenever possible, reinforcing the importance of
specialised post-arrest care. Additionally, there is an emphasis on
healthcare systems establishing and maintaining formal cardiac
arrest networks with clear local protocols. This is a shift from only
recommending transport decisions to encouraging the development
of structured regional systems aimed at improving outcomes through
coordinated care.

System performance improvement

The Guidelines now emphasise the proactive implementation of
system improvement strategies designed to optimize patient outcomes
in cardiac arrest care. The language has shifted from simply evaluating
performance to implementing structured, proactive approaches. This
reflected a broader, more outcome-driven focus on ensuring
resuscitation systems not only measure their effectiveness but also
systematically apply strategies to optimise care and survival rates.
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Table 1 (continued)

ERC Guidelines 2021 ERC Guidelines 2025

Survivorship and co-survivorship

New recommendations emphasise the importance of survivorship
and co-survivorship in cardiac arrest care, promoting a shift towards
holistic, patient- and family-centred care beyond the initial
resuscitation phase. Healthcare systems should develop
multidisciplinary policies to support survivors and their co-survivors
from pre-discharge through long-term follow-up. Educate healthcare
professionals to address these needs, fostering collaboration with
survivor organisations, and involving survivors, co-survivors, and the
public in policy development and research are also highlighted.

New technologies and Atrtificial Intelligence

This new recommendation highlights the emerging role of artificial
intelligence (Al) and digital health technologies in improving
outcomes after cardiac arrest. While these innovations show
significant potential to enhance early recognition, optimise
resuscitation efforts, and support post-resuscitation care, they are
not yet ready for widespread, routine clinical implementation. Their
current use should be restricted to research projects or controlled
environments, where safety, effectiveness, and ethical
considerations can be carefully evaluated. Ongoing studies and pilot
programmes are encouraged to further assess their impact and
guide future integration into clinical practice.

Advocacy of bystander CPR and the use of automated external defibrillators
e Multi-national collaborative bodies, national governments, local (AEDs), train as many citizens as possible, and develop new and
authorities, and National Resuscitation Councils (NRC) should innovative systems and policies.

advocate for policies that increase survival rates and improve

the quality of life for cardiac arrest patients through the following

actions:

o Promotion of comprehensive policies / legislation: Advocate for
policies that increase survival rates and enhance the quality of
life for cardiac arrest patients.

o Public awareness campaigns: Increase public awareness
through initiatives such as World Restart a Heart and Get
Trained Save Lives.

o Mandatory CPR education: Implement mandatory CPR educa-
tion for children, students (e.g., Kids Save Lives), and drivers
(e.g., Learn to Drive Learn CPR).

o Enhanced workplace preparedness: Strengthen policies for
workplace preparedness (e.g., Alliance for Workplace Aware-
ness and Response to Emergencies — AWARE).

o Stakeholder engagement: Collaborate with stakeholders to
support cardiovascular health and harmonise CPR policies
(e.g., the European Alliance for Cardiovascular Health).

o CPR training at major sporting and large-scale events: Offer
free short CPR training sessions at major sporting events
and other large-scale gatherings to raise awareness and
increase knowledge among attendees.

Kids Save Lives (KSL)

e All schoolchildren should receive CPR training every year, with an
emphasis on the Check—Call-Compress approach.
CPR education should start at an early age (around 4 years of
age), progressing to comprehensive training that includes chest
compressions by ages 10-12, ventilation by age 14, and AED
usage by ages 13-16.
Children who have been trained should be encouraged to edu-
cate family members and friends, aiming to teach at least ten
others within two weeks. Take-home CPR training kits should
be distributed to maximise the multiplier effect.
CPR education should also be extended to higher education, par-
ticularly for healthcare and teaching students.
Technology-enhanced learning (e.g., extended reality (XR), seri-
ous games, smartphone apps) should be incorporated to engage
schoolchildren effectively and supplement traditional training
methods.

Ministries of Education and policymakers should mandate CPR
education in schools by law across Europe and beyond, sup-
ported by legislation, funding, and public awareness campaigns
in every country.

Awareness campaigns and initiatives to promote CPR
e Community initiatives to promote the implementation of BLS
should be endorsed and supported.
e Multi-national collaborative bodies, national governments, local
authorities, and National Resuscitation Councils should actively
participate in World Restart a Heart (WRAH) to raise awareness

Resuscitation in low-resource settings
e Experts from all resource settings are encouraged to investigate
and report on populations, aetiologies, and outcomes of resusci-
tation, following established reporting standards such as the
Utstein reporting template.
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e Experts from all resource settings should be consulted regarding
cultural differences and the regional and local acceptability, appli-
cability, and implementation of guidelines and recommendations.
All reports and research on resuscitation should include a brief
section on the respective resource setting, for example the
income classification of the country.

In situations where standard guidelines are not applicable, speci-
fic recommendations may be developed for low-resource settings
(such as areas with limited funding, ships, alpine regions, or
remote areas) concerning essential equipment, education, and
procedures for managing cardiac arrest both during and after
the event.

Social media
e Social media (SoMe) platforms could be used as research tools
for data collection, analysis, education, awareness campaigns,
communication, and information sharing on sudden cardiac
arrest.
SoMe platforms should be leveraged to support public awareness
campaigns, disseminate knowledge on CPR for any age group,
foster community participation, and further the mission of the
ERC.
SoMe platforms should be incorporated into CPR training pro-
grammes. Educational and healthcare institutions are encour-
aged to use concise, engaging videos and interactive materials
to reinforce learning and retention.
Real-time engagement should be encouraged. Live question-
and-answer sessions, interactive posts, and gamified learning
should be used to increase engagement and knowledge retention
in CPR training.
The validation of SoMe content by experts should be promoted.
Institutions are encouraged to ensure that educational materials
shared on social media align with international CPR guidelines
to prevent the spread of misinformation.
e SoMe-driven initiatives should be monitored and evaluated. Fur-
ther research is needed to determine their impact on CPR training
efficacy, bystander CPR rates, and patient survival outcomes.

First responders

e Every healthcare system should implement a first responder

programme.

e Registered first responders who are near a suspected out-of-
hospital cardiac arrest (OHCA) should be notified by the dispatch
centre and dispatched to both public locations and private resi-
dences, in order to reduce the time to first chest compression
and shock delivery, and to improve survival rates with favourable
neurological outcomes.

Systems that dispatch first responders should be linked to AED
registries and should prioritise both the physical safety and psy-
chological support of first responders.

Cardiac arrest events should be reported in a standardised man-
ner to monitor system performance and support continuous qual-
ity improvement.

EMS organization in response to cardiac arrest

e EMS should use standardised algorithms or criteria to identify
cardiac arrest promptly.

e EMS should teach, monitor, and improve OHCA recognition in
dispatch centres.

e EMS should implement and evaluate dispatcher-assisted public-
access AED systems, including linkage to AED registries.

e Dispatch centres should implement systems allowing call han-
dlers to deliver CPR instructions for cardiac arrest patients

e The use of locked or inaccessible AED cabinets is discouraged.

e All ambulances responding to OHCA should be equipped with a
defibrillator.

e EMS should organise prehospital critical care teams for adult and
paediatric OHCA.

e EMS should monitor and address low resuscitation exposure
among personnel to ensure teams include members with recent
experience and implement proper training to overcome low
exposure.

e EMS systems treating OHCA should implement system improve-
ment strategies to enhance patient outcomes.

e EMS systems may implement termination of resuscitation (TOR)
rules to determine whether to stop resuscitation or continue dur-
ing transport following local validation of the TOR criteria and con-
sidering specific local legal, organisational and cultural context.

In-hospital cardiac arrest management

e Hospitals should consider introducing a rapid response system
(RRS).

o Hospitals should use system improvement strategies to enhance
patient outcomes.

e Hospitals should implement protocols for managing family pres-
ence during CPR and provide respective education for healthcare
teams

e Hospitals are encouraged to use the “Ten Steps Toward Improv-
ing In-Hospital Cardiac Arrest Quality of Care and Outcomes”
framework to guide structured, system-wide improvements in
resuscitation quality, outcomes, and team well-being.

Cardiac arrest centres (CAC)
e Adult patients with non-traumatic OHCA should be cared for at a
CAC whenever possible.
e Healthcare systems should establish local protocols to develop
and maintain a cardiac arrest network.

System performance improvement

e Organisations or communities that treat cardiac arrest should
implement system improvement strategies to enhance patient
outcomes.

Survivorship and co-survivorship
e Healthcare systems should create and implement policies for the
care of cardiac arrest survivors and their co-survivors (e.g., fam-
ilies, close friends, and partners also impacted by the event) from
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pre-discharge to long-term follow-up. These policies should adopt
a multidisciplinary approach, responsive to the needs of both sur-
vivors and co-survivors. Healthcare professionals should receive
adequate education to support both the identification of needs
and the provision of appropriate care.

National Resuscitation Councils (NRCs) should connect with and
support cardiac arrest survivor organisations within their coun-
tries, strengthening ties with healthcare systems, survivors, and
CO-SUrvivors.

Engaging in partnerships among NRCs, and with organisations
that have broader missions—such as cardiovascular healthcare
organisations—can help address the diverse needs of survivors
and co-survivors and optimise resource utilisation.

Healthcare systems should actively engage cardiac arrest sur-
vivors, co-survivors, and the public as partners in policy develop-
ment and research to enhance the quality, relevance, and
integrity of outcomes.

New technologies and artificial intelligence
e Artificial intelligence (Al) and digital health technologies show
potential to improve cardiac arrest outcomes but are not yet ready
for routine clinical use, and their application should be limited to
research or controlled settings.

The evidence informing the Systems Saving
Lives Guidelines

Chain of survival
The chain of survival for victims of cardiac arrest dates back to con-
cepts proposed by Friedrich Wilhelm Ahnefeld and Peter Safar, and
emphasises the time-sensitive interventions, represented as links,
that maximise the chance of survival.>* This foundational concept
has been expanded in subsequent years, with contributions from var-
ious organisations and academics, involving significant modifications
in 1991.°5 Over time, designs depicting the chain of survival have
evolved; however, the core messages behind each link have largely
remained unchanged.

The ERC first published the chain of survival in its four-link format
in the 2005 ERC Guidelines, summarising the vital links needed for
successful resuscitation, including early recognition and call for help,

early bystander CPR, early defibrillation, and early ALS and stan-
dardised post-resuscitation care. Each of these links highlights the
interconnection and urgency of effective actions, emphasising the
importance of a prompt response to optimise the chances of sur-
vival.® The term “chain of survival’ is now used internationally in
resuscitation awareness building, education, and science. A large
and heterogenous body of literature on the chain of survival has
emerged. An ILCOR scoping review found several novel versions
and adaptations, partly expanding into other medical fields beyond
resuscitation.” Adaptations addressed different situations or target
audiences, but inconsistent in design and without an underlying sys-
tem. Any chain link should be evidence-based and contribute to
improved patient, education, or implementation outcomes.®® The
ILCOR scoping review proposed a six-link chain comprising: 1)
Prevention and recognition, 2) Early call for help, 3) High-quality
CPR, 4) Early defibrillation and ALS, 5) Post-cardiac arrest care,
and 6) Recovery and rehabilitation.®” In contrast, the ERC Guideli-
nes 2025 now still recommends a four-link chain of survival for clarity
and consistency. However, the original messages and links of the
chain have been expanded and rearranged (Fig. 2). This basic chain
should be used for all cardiac arrest aetiologies and locations, and all
patient age groups.

Interestingly, only a few studies have so far formally assessed the
impact of the chain of survival on clinical and educational outcomes.
Findings suggest increased survival rates and better neurological
outcomes have occurred following the introduction of new compo-
nents to the chain, underscoring its potential effectiveness as a
framework for improving practice.”®

Apart from the basic chain of survival, individuals or organisations
may require adaptations for specific situations or target audiences.
The ERC follows ILCOR with an adaptive approach: an adapted
‘one-size-fits-all’ concept as a multifaceted system can be used
when the basic chain of survival is not sufficient.”® The basic chain
of survival serves as the foundation; the chainmail of survival can be
used with a multitude of additional links, depicting different situations
and factors and highlighting the complexity of the system. Specific
versions of the chain of survival can also be used for specific situa-
tions and audiences (e.g., trauma, drowning).”® This adaptive con-
cept is particularly important in the context of low-resource
settings, where high-resource links in the basic chain may not be
applicable or may need to be replaced.'®

Fig. 2 - Chain of survival.
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The formula of survival

The formula of survival combines scientific treatment, effective edu-
cation, and local implementation to improve cardiac arrest survival
rates.""'? These elements are multiplicands and are essential for
a strong chain of survival.'> Resuscitation guidelines are updated
through the ILCOR evidence evaluation process and annual CoSTR
publications. The ERC courses provide effective education. Local
champions play a key role in putting resuscitation practices into
action, overcoming challenges, using facilitators, and incorporating
feedback systems.® 314,

Advocacy

Advocacy is a civil endeavour in which individuals or groups support
policies across various social, economic, or legislative domains to
influence the allocation of both human and financial resources.'®
Advocacy is essential in addressing the multifaceted needs of car-
diac arrest patients and their families.'® This paragraph explores
the definitions, actions, and impacts of such efforts, emphasising
the ERC role in promoting comprehensive policies, public aware-
ness, and support systems to improve outcomes and quality of life
for cardiac arrest survivors and their co-survivors.

Advocacy role of scientific societies in the field of resuscitation
Advocacy is crucial for strengthening emergency care systems.
Some initiatives advocate for new regulations, while others focus
on educating hospital staff and frontline physicians locally. These
programs improve emergency care for various traumas and life-
threatening conditions, including cardiac arrest. Advocacy aims to
bridge gaps, enhance outcomes, and make life-saving treatments
more effective and accessible.'”

The ERC plays a leading role at the European level in advocating
for increased survival following cardiac arrest and improved quality of
life through comprehensive policies and public awareness cam-
paigns. One outcome of this advocacy was the establishment of
European Cardiac Arrest Awareness Week by the European Parlia-
ment. This initiative encouraged member states to implement AED
programmes, adapt legislation to enable CPR by non-medical indi-
viduals, collect data for quality management, support national CPR
strategies, and provide legal immunity for non-medical first
responders.'®

The ERC has launched several key initiatives, including Euro-
pean Restart a Heart in 2013, Kids Save Lives in 2015, and broader
campaigns to promote CPR training and AED accessibility across
Europe.'®2° Current ERC advocacy priorities include mandating
CPR training for new drivers, strengthening CPR education among
young people, harmonising CPR-related legislation, improving work-
place emergency preparedness, and increasing public awareness
and engagement. The “Learn to Drive Learn CPR?” initiative, devel-
oped jointly by the ERC and the European Driving Schools Associa-
tion (EFA), aims to integrate BLS training into driver education
programmes across Europe.'®?" Currently, fewer than half of Euro-
pean countries require such training (Fig. 3). This project aims to
equip new drivers with life-saving skills, significantly increasing the
number of potential responders. In 2025, the European Union for-
mally adopted new minimum requirements for new drivers in the
Driving License Directive. Thanks to ERC advocacy, the Parliament,
Council, and Commission agreed to mandate knowledge of first aid,
including CPR, in the theory exam. Applicants with certified practical
training may be exempted from theory questions. Formal adoption is

expected mid-2025, with Member States implementing the rules
within four years.??

The Alliance for Workplace Awareness and Response to Emer-
gencies (AWARE) seeks to enhance preparedness for cardiac arrest
in the workplace. The coalition advocates for widespread CPR and
first aid training, as well as broad availability of AEDs in European
workplaces—areas not currently addressed by unified EU policy.
AWARE calls on the EU to reopen the Health and Safety at Work
Framework Directive (89/391/EEC) to strengthen these regulations,
underlining the importance of explicitly supporting CPR and AED
training, as both interventions are proven to significantly increase
survival rates.*®

The ERC also collaborates with the European Alliance for Cardio-
vascular Health to promote cardiovascular disease prevention and
rehabilitation.?* This collaboration includes developing a Cardiovas-
cular Health Knowledge Centre and Observatory, co-creating
national action plans, and supporting digital health policies.

Finally, the ERC hosted the EU Resuscitate Workshop: CPR Har-
mony for a Healthier Europe at the European Parliament. The event
brought together Members of the European Parliament for hands-on
CPR training. Its goals were to equip participants with life-saving
skills, raise awareness of cardiac arrest statistics, and underscore
the urgency of harmonising CPR training policies across member
states to improve survival outcomes.?®

Get trained save lives

The Get Trained Save Lives (GTSL) campaign is a public health ini-
tiative collaboratively developed between the Union of European
Football Associations (UEFA) and the ERC (Fig. 4). This initiative
aims to increase public awareness and engagement in CPR and
AED training across Europe by leveraging the widespread influence
of football and the expertise of resuscitation professionals. This cam-
paign seeks to empower lay persons with essential life-saving skills
to improve bystander intervention rates in OHCA. Through accessi-
ble, standardised training programmes and high-visibility events, the
GTSL campaign aspires to foster a culture of preparedness, ulti-
mately contributing to enhanced survival outcomes and strengthen-

ing the chain of survival in the community.*®,%”

Awareness campaign and initiatives to promote CPR

Community initiatives to promote CPR implementation

A scoping review by ILCOR in 2024, identified 21 new studies

that focused on adult OHCA, with community interventions imple-

mented in workplaces, schools, government offices, public events,
and shared community spaces,”® and were grouped into three
categories:

1. Community CPR training programmes (n=11)

2. Mass-media campaigns (n= 1), focusing on public awareness
through media outlets.

3. Bundle interventions ( : efforts to combine CPR
training with other community-based strategies (e.g., public
awareness campaigns, guideline implementation, legislative
changes, and mandatory training for driver’s licence
applicants).

The bystander CPR rate was the outcome consistently evaluated
across nearly all included studies. Most reported improvements fol-
lowing community initiatives,*® and six studies reported an increase
in the number of people trained.>%3447:48:50.51 These results suggest
that community initiatives are effective in improving the response to

28—-48

28-30,39-46

n= 9)31—37,47.48
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*Category B driving license allows an individual to drive a motor vehicle
with a maximum authorised mass not exceeding 3500 kg and designed
and constructed for the carriage of no more than eight passengers in
addition to the driver.

+The BLS is often part of a broader first aid course.
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Fig. 3 - CPR Training included in driving license courses.

OHCA. However, the effect on patient outcomes (survival and neuro-
logical recovery) was less conclusive without favouring interventions.
Based on expert consensus, community initiatives should be
endorsed and supported that promote BLS implementation.

European Restart a Heart & World Restart A Heart

Following an ERC campaign, the European Parliament adopted a
Written Declaration calling for improved CPR and AED training
across all EU member states. The Declaration also urged legislative
changes to ensure equal access to high-quality CPR and defibrilla-
tion for all Europeans, and proposed the establishment of a Euro-
pean Cardiac Arrest Awareness Week,'® recognising that national
resuscitation policies can increase citizens’ willingness to perform
bystander CPR. To promote these policies, the ERC established
European Restart a Heart Day on 16 October to raise aware-

ness.'®°2%3 This initiative later evolved into World Restart a Heart
(WRAH), endorsed by ILCOR with the motto: “All people of the world
can save a life—all that is needed is two hands (Check, Call, Com-
press)” (Fig. 5).

As a result, between 2018 and 2023, more than 12.6 million peo-
ple have been trained, and 570.7 million individuals have been
reached through WRAH messaging.?° The initiative has showcased
a wide variety of campaigns tailored to each country’s specific con-
text and culture. Its success lies in annual collaboration among
nations, organisations, and communities, reinforcing its global signif-
icance and reach. The adaptability of WRAH makes it an accessible
and effective response to one of the world’s most critical health chal-
lenges—saving lives through bystander CPR.

Based on expert consensus, national resuscitation councils, gov-
ernments, and local authorities engaging in WRAH should aim to
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Fig. 4 - UEFA and ERC Get Trained Save Lives campaign.

train as many people as possible, raise public awareness of the
importance of bystander CPR and AEDs, establish protective legis-
lation for lay rescuers, and develop innovative systems and policies
to further improve survival outcomes.

Kids Save Lifes (KSL)
The Kids Save Lives initiative aims to introduce CPR education early
and reinforce it throughout the school years. Implementing manda-
tory, nationwide CPR training for schoolchildren has been shown
to have the greatest long-term impact on bystander CPR rates.
Scandinavian countries, where CPR training has been compulsory
for decades, report some of the highest bystander CPR rates
globally.

The World Health Organization (WHO) endorses the ERC’s Kids
Save Lives initiative and recommends that children receive at least

two hours of CPR training annually, starting at the age of 12—an
age considered optimal for learning and retaining these skills.°

An ILCOR scientific statement titled Basic Life Support Education
for Schoolchildren outlines best practices for teaching these essen-
tial life-saving skills, advocating for the integration of CPR training
into school curricula worldwide.>* This comprehensive review of
the literature identifies the most effective strategies for educating
children and adolescents in CPR. For details on educational
approaches, consult the section on Tailored Resuscitation Education
in ERC Guidelines 2025 — Education for Resuscitation (Fig. 6).>*

Multiplication effect and social impact

Teaching CPR to children creates a multiplier effect, as they often
pass on their skills to others. Studies show that each trained child
educates between 1.8 and 4.9 people, helping to improve bystander
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CPR rates, especially in underserved areas. In one study, students
from a predominantly low-income community trained an average of
4.9 others after learning CPR, highlighting its potential to spread
CPR knowledge where formal training is limited.>*>®

Legislative support and public campaigns

Legislative support is crucial for large-scale CPR education. ILCOR
advocates making CPR education mandatory in schools, with gov-
ernment funding for materials and teacher education in resuscitation.
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Detection of Cardiac Arrest

« Teach children to assess
unresponsiveness and breathing

+ Use a simple message like
Check-Call-Compress

Chest Compression Depth and Rate
+ Teach correct hand position, rate,
and full chest recoil
+ Use music or metronomes to guide
compression rate
+ Provide regular hands-on practice
with feedback “Check-Call-Compress”

Automated External
Defibrillation (AED)
« Introduce AED use gradually in training
+ Emphasise correct pad placement and safety
«+ Teach: “Don't touch the person”
during shock delivery

Transmission of an Emergency Call

« Start at age 4: teach the emergency number

+ Teach how to explain what happened and
give location

—
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Duration of Training Sessions
and Group Size

« Train in small groups (3-5 pupils)

+ Ensure 2 hours of CPR practice annually

Innovative Technology

for CPR Education

« Use Virtual Reality, apps, and games
to enhance engagement

+ Combine tech-based tools with
traditional methods with feedback
“Check-Call-Compress”

Development of Cognitive Skills
+ Mix theory with hands-on training
+ Use blended learning to improve retention

Retrieval of Theoretical Knowledge

« Include theory assessments (e.g., quizzes)

+ Use refresher training yearly to reinforce
knowledge
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Appropriate Starting Age

« Start CPR training at age 4

« Train all schoolchildren annually
regardless of age

Multiplier Effect
+ Use take-home kits to spread knowledge
« Encourage children to teach CPR to family

Integration of KSL in Curricula

* Make CPR part of school curricula

+ Advocate legislation and support
from institutions

Motivational Aspects

« Explain how CPR saves lives
to boost motivation

* Discuss and reduce fears
and barriers to acting

—
Mouth-to-Mouth Ventilation [ )
= Younger kids focus on compression-only CPR CPR

+ Teach correct technique to older children (10+)

-Z
-"s.l

Who Should Teach?
+ Train schoolteachers to deliver CPR
+ Include CPR in university teacher education

Role of Public Campaigns
* Include children in awareness
PR campaigns
* Use events and media to
promote bystander CPR

AN

Fig. 6 - Summary of the Kids Save Lives ILCOR statement suggestions.

The 2023 ILCOR statement outlines a global framework for integrat-
ing CPR into school curricula.

European Kids Save Lives survey

A survey assessed the implementation of the Kids Save Lives initia-
tive to evaluate the status of CPR education across Europe, examin-
ing whether it is mandated, recommended, or absent in school
curricula.®® The findings revealed significant disparities: six coun-
tries—Belgium, Denmark, France, Italy, Portugal, and the UK—have
national laws mandating CPR training in schools, reflecting strong
political and educational commitment. Others, such as Germany,
Poland, and Sweden, recommend CPR training without mandating
it, resulting in inconsistent implementation. Countries like Albania,
Azerbaijan, and Moldova lack formal policies and rely on sporadic
local or international efforts. Even in countries with mandates, imple-
mentation is challenged by limited funding, inadequate teacher edu-
cation, and regional disparities. Public awareness campaigns also
vary widely, underscoring the need for a more unified approach to
CPR education across Europe (Fig. 7).

Resuscitation in low-resource settings

A 2020 ILCOR scoping review on clinical outcomes of resuscitation
in low-resource settings highlighted the scarcity and heterogeneity
of available literature.>” This prompted discussions about the appli-
cability of global resuscitation guidelines—often developed from a

high-resource perspective by experts in high-income countries—as
a one-size-fits-all model.>”>°

Initially, low-resource settings were equated with low-income
countries, as defined by the World Bank.® While this holds true in
many cases, and outcomes remain poor in such contexts, resource
availability can vary significantly across locations and over time.®"
For example, a major city in a low-income country might offer high-
level cardiac arrest care, whereas an offshore facility or alpine region
in a high-income country might lack essential resources. Moreover,
resource conditions can shift due to infrastructural changes, environ-
mental factors, or events such as natural disasters, pandemics, or
armed conflicts.

In a 2023 ILCOR task force statement, the limitations of prior,
exclusionary guideline approaches were acknowledged, and a more
inclusive perspective was adopted (Fig. 8).° Drawing from existing
emergency care networks—such as the World Health Organization
(WHO) emergency care system framework, first aid guidelines from
the International Federation and regional Red Cross and Red Cres-
cent Societies, and the Helping Babies Breathe initiative—the task
force identified enablers and barriers to implementing an effective
chain (or ’chainmail’) of survival.5?%°

Most links in the chain require further research in low-resource
contexts, ideally in collaboration with organisations experienced in
such environments—e.g., resuscitation societies in low-income
countries or groups focused on mountain, expedition, wilderness,
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European Map of CPR Education 2025
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Fig. 7 - Map 2025 of schoolchildren CPR training in Europe.

or military medicine. A uniform approach will never fully address the Alongside proposed action points—including the examination of

diversity of these settings. Instead, existing guidelines can serve as a ethical questions (e.g., is it appropriate to initiate advanced life sup-

flexible foundation. ILCOR is currently working on evidence-informed port when no ICU or hospital is available?), the involvement of

expert opinions addressing specific subtopics relevant to low- experts in the field, and support for research and registries—a list
10,63,66,67

resource environments. of essential basic and advanced resuscitation resources has been
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suggested. However, this list still requires validation before it can be
universally recommended.'®® Cost-effectiveness must also be con-
sidered in all related initiatives (Fig. 8).%°

Social media
The growing use of social media (SoMe) in healthcare education has
created new opportunities to promote adult CPR training. A recent
scoping review examined SoMe applications in CPR, highlighting
its effectiveness as a tool for data analysis, collection, education,
awareness campaigns, communication, and information sharing on
cardiac arrest.”®

With around five billion users worldwide as of 2024, SoMe is a
powerful platform for public health interventions. In adult CPR
research, YouTube and X (formerly Twitter) were the most com-
monly used platforms for content dissemination, followed by What-
sApp and Instagram.”’ The main applications of SoMe in CPR

include:
e Data analysis (41 %) — used to evaluate public sentiment, trends

in CPR training, emotional responses to cardiac arrest events,
and knowledge gaps.

e Data collection (36 %) — enabling large-scale surveys and real-
time engagement studies on CPR knowledge and bystander
behaviour.

e Teaching (10 %) — leveraging videos, infographics, and interac-
tive content to improve knowledge retention among lay persons
and healthcare students.

e Campaign promotion (7 %) — supporting initiatives like World
Restart a Hearf® that significantly increased engagement,
though long-term behavioral impact remains unclear.

e Communication (4 %) — facilitating direct interaction between
trainers and the public.

e Content sharing (2 %) — encouraging peer-to-peer learning and
spreading awareness through viral posts.”®
As another example, the widely-used ‘emoijis’ in social media,

and especially in text messaging, could be used for spreading aware-
ness about CPR. Since there are barriers in introducing official CPR
emojis, ‘stickers’ have been proposed instead.”?

Despite its benefits, SoMe-based CPR education faces several
challenges. A significant portion of CPR-related content does not
align with guidelines from accredited bodies, raising concerns about
quality and misinformation, and highlighting the need for expert val-
idation.”""®~"® Selection bias is another limitation, as users are more
likely to engage with content aligned with their existing interests,
which can affect generalizability. Additionally, access inequality
due to socioeconomic disparities and inconsistent internet access
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may limit the reach of SoMe-based CPR training.”””® Furthermore,
while SoMe enables rapid information dissemination, its effect on
long-term knowledge retention remains uncertain. To maximise
SoMe’s benefits in CPR education, standardised frameworks are
needed to assess impact and ensure consistent training outcomes.
Public health organisations and policymakers are encouraged to
integrate SoMe strategies into national resuscitation programs to
extend their reach.”®

Future research should explore the role of emerging platforms—
such as TikTok and Bilibili for education and awareness, LinkedIn,
Bluesky, and Mastodon for professional communication and advo-
cacy, and Instagram and Snapchat for public engagement—while
considering demographic diversity and income disparities across
countries. Implementing Al-driven content moderation and fact-
checking tools is also recommended to reduce misinformation and
improve content quality.

Integrating SoMe into CPR education has significant potential to
boost public knowledge, increase bystander CPR rates, and improve
survival outcomes in out-of-hospital cardiac arrest (OHCA). By lever-

aging digital platforms, healthcare professionals can create more
effective, scalable, and engaging training programs tailored to
diverse populations. Future work should focus on optimising SoMe
content, standardizing evaluation metrics, and addressing barriers
to digital education access.

First responders
CPR, defibrillation and survival
First responders (FRs) may be either community FRs or on-duty
FRs.2%8" Community FRs are volunteers who receive alerts about
nearby emergencies and may choose whether to respond. On-duty
FRs are professionals such as firefighters or police officers who
are dispatched while on duty but are typically unable to transport
patients. A recent survey found that 19 countries, including 15 in Eur-
ope, currently operate community FR systems.®? Cost-effectiveness
of FR systems has been suggested.®®

The current recommendation is based on a 2019 ILCOR system-
atic review.®* Only one randomised controlled trial (RCT) has directly
assessed the impact of community FR systems (dispatched vs. not

((Q») («Q») .\
%

Travelling by car
to the patient

Running to the patient;
collecting AED en route

First responder starting CPR after risk assessment

Risk assessment
by dispatch centre

EMS dispatch
centre

X

Declining mission

EMS activation

® ((D») V1 °
£ dm §

OIS

Travelling by bike
to the patient

N LS

Registered FR too far away

@,i,é\ ‘i‘@l. ‘i'@.

Fig. 9 - First Responder scheme.
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dispatched) on bystander-initiated CPR.®° In this trial, 5989 lay vol-
unteers were randomly allocated via a text-message system.
Bystander-initiated CPR was significantly higher in the intervention
group than the control group (62 % vs 48 %, p < 0.001).

A separate non-randomised stepped-wedge cluster intervention
study enrolled 5735 text-alerted volunteer responders directed to
retrieve AEDs.®® The study found survival after OHCA increased
from 26 % to 39 % [adjusted relative risk (RR) 1.5, 95 % confidence
interval (Cl): 1.03-2.0]. The RR for neurologically favourable survival
was 1.4 (95 % Cl: 0.99-2.0). Several observational studies have
reported that FR system implementation is associated with higher
rates of bystander CPR and defibrillation, shorter time to defibrilla-
tion, and improved survival with favourable neurological out-
comes.®* " Although RCT data on the effect of FR programmes
on defibrillation and survival are limited, several trials are currently
underway to address this gap.®”°>~°° The existing evidence is drawn
from heterogeneous studies across various systems—differing in FR
type (community vs professional), activation methods, activation
radius, number of responders, and study designs (population, out-
comes, etc.)—which limits generalisability.*®~'°?

In line with ILCOR, the ERC recommends that individuals located
near a suspected OHCA and willing to be engaged by a healthcare
system should be alerted.’

All countries shown in blue currently
have at least one operating
community first responder system

Activation systems

First responder systems can operate via text messages, but most now
use app-based platforms. App-based systems appear to reduce the
time to FR arrival.'® Using true-line distances rather than radial esti-
mates may improve the accuracy of distance calculations, although
further evidence is needed to determine whether this leads to better
outcomes. FR systems should be integrated with AED registries and
provide directions to nearby devices.'%>"% To ensure FR safety and
appropriate support from EMS, activations should be managed
through dispatch centres.'%®"'%” Protocols for FR activation must pri-
oritise both physical and psychological safety (Fig. 9).8¢:17.1%8

Follow up after missions

Current evidence indicates a low risk of psychological distress and
physical harm among dispatched first responders (FRs). Studies
from the Netherlands, Denmark, Sweden, Australia, and New Zeal-
and have reported low levels of post-traumatic stress symptoms at
3-6 weeks following deployment, and one study found minimal psy-
chological distress just days after a mission.'°*~"'> However, one
study noted that in rural OHCAs, FRs are more likely to know the
patient or their families, which may present emotional challenges.''®
In a survey of FRs in Australia and New Zealand, most participants
found debriefing to be beneficial.'"
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Fig. 10 - Map 2025 of First Responder activities in Europe.
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Based on available evidence and expert consensus, FR systems
are encouraged to implement systematic follow-up procedures to
identify those who may have experienced physical harm or require
defusing or psychological support.''*"'® Feedback and psychologi-
cal support are considered essential for sustaining volunteer well-
being and ongoing engagement.'''"® Various follow-up models
have been described, but further research is needed to determine
the most effective approach. '°41%®

Customisation

The optimal activation radius or number of FRs dispatched per mis-
sion remains unclear and varies widely between systems.'®* First
responder systems are encouraged to tailor activation protocols
based on regional and EMS characteristics, such as population den-
sity and the number of available responders.’"®"2°

Dispatching FRs to private residences appears reasonable
because: (i) most OHCAs occur at home; (ii) survival rates for home
OHCAs are lower; and (iii) automated external defibrillators (AEDs)
are less accessible in residential areas.®®''"'2'"'23 Studies from
Sweden and Denmark have reported a higher likelihood of bystander
defibrillation when FRs are dispatched to home OHCAs.®® A retro-
spective study from the Netherlands found improved survival in
patients with ventricular fibrillation following implementation of a res-
idential FR system.®® Similarly, a US study showed increased CPR
rates, defibrillation, and survival to hospital discharge for patients
who received professional FR assistance at home.*® The impact of
FR systems may be even greater in rural areas, where observational
studies show a higher proportion of FRs arrive before EMS and ini-
tiate resuscitation.®®'%1247126 gystems are encouraged to prioritise
FR recruitment in less densely populated regions.'?”

Qualification requirements for community FRs vary across sys-
tems (Fig. 10). A recent survey found that 69 % of FR systems
require at least some level of CPR training.'?® A retrospective anal-
ysis reported higher survival to hospital discharge when CPR was
performed by medically trained bystanders, compared to lay respon-
ders.'®® In a study assessing anaesthesiologists’ perceptions of dis-
patched FRs, 84 % ‘strongly agreed’ that FRs had adequate CPR
skills, despite no mandatory CPR training within the programme.’°

Restrictive qualification criteria may reduce the pool of available
FRs. However, a higher number of FRs arriving before EMS has
been associated with increased rates of bystander CPR and defibril-
lation.?*'3" A survey also showed that FRs who had completed
CPR training within the past 12 months were more likely to respond
to a mission.'"" Additionally, FRs with prior CPR training or a profes-
sional background reported lower self-perceived psychological
impact.'®?

Currently, there is a lack of studies evaluating system efficiency
and patient outcomes based on FR proficiency levels. FR systems
should routinely assess mission data, including patient outcomes
and FR safety, ideally using a standardised reporting template to
enable comparisons across systems.''®

EMS organization in response to cardiac arrest
Optimisation of dispatcher assisted recognition of OHCA

A 2020 ILCOR diagnostic systematic review included 47 observa-
tional studies and reported wide variability in dispatchers’ ability to
recognise OHCA (sensitivities and specificities varied from 0.46 to
0.98 and 0.32 to 1.00, respectively). There were no differences

between dispatching criteria/algorithms or level of education of dis-
patchers although comparisons were hampered by heterogeneity
across studies.®*"3*

A recent ILCOR scoping review identified 62 studies on
dispatcher-assisted (DA) recognition of OHCA, using qualitative,
mixed-methods, observational, and randomised clinical trial
approaches. Research focused on four key areas: caller-dispatcher
communication, new technologies, patient characteristics, and qual-
ity improvement initiatives. Most studies were retrospective, assess-
ing OHCA recognition rates and influencing factors. A major
challenge was distinguishing normal from abnormal breathing. Vari-
ous strategies were tested, but none outperformed the standard two-
question method: (1) “Is the person awake and alert?” and (2) “Is (s)
he breathing normally?”. Only one RCT examined Al-assisted recog-
nition and found no significant improvement because of a high rate of
false positives. Overall, no new evidence supports changes to cur-
rent OHCA recognition protocols.’ %

Consistent with ILCOR, the ERC recommends that dispatch cen-
tres implement standardised algorithms or criteria to quickly identify
OHCA during emergency calls. Additionally, dispatch centres should
monitor their diagnostic accuracy to ensure effective recognition but
also seek ways to optimise sensitivity and minimise false negatives.

Optimization of dispatcher-assisted CPR

A 2020 ILCOR systematic review and meta-analysis evaluated the
impact of dispatcher-assisted CPR (DA-CPR) programmes, includ-
ing 33 observational studies. It found that the provision of DA-CPR
was consistently associated with improved outcomes across all anal-
yses, although the certainty of evidence was low or very low. A more
recent ILCOR scoping review sought to identify new evidence to opti-
mise DA-CPR. It included 31 studies examining innovations such as
updated protocols, pre-recorded instructions, centralised dispatch
systems, advanced dispatcher training, metronomes, and undress-
ing guidance."® 3¢ However, the available evidence was insufficient
to draw conclusions about the effectiveness of these interventions.
Among interventions with at least five supporting studies, some
strategies showed promise for improving CPR quality—for example,
simplifying instructions (e.g. ‘Push as hard as you can’) and incorpo-
rating video into emergency calls. However, language barriers may
limit generalisability, and nearly half of the video-based studies were
conducted in simulated settings.

In line with ILCOR, the ERC recommends that emergency med-
ical dispatch centres implement systems allowing call handlers to
deliver CPR instructions for adult cardiac arrest patients. Dispatchers
should provide guidance when deemed necessary. However, current
evidence is insufficient to support specific interventions aimed at
improving the quality of dispatcher-assisted CPR.

Optimisation of dispatcher-assisted public-access AED retrieval
and use

A recent ILCOR scoping review assessed DA instructions for public
access AED retrieval and use among adult and paediatric OHCAs
and identified 16 studies: 5 observational and 11 simulation studies
(6 RCTs, 1 observational, and non-randomised comparisons). The
review did not include AED use within volunteer first-responder sys-
tems. No studies assessed survival outcomes, ROSC, or quality of
life. One observational study linked dispatcher-assisted AED retrie-
val instructions to improved bystander defibrillation, though its direct
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impact was unclear. Observational studies showed low AED retrieval
and application rates, with some reports of confusion and delays.
Simulation studies found dispatcher assistance improved AED use
competence but delayed the first shock. Video guidance had mixed
results, and pre-recorded instructions were less effective than real-
time dispatcher support.

ILCOR noted limited research and lack of data to support a sys-
tematic review. Given that most OHCAs occur in the home, public-
access AEDs are likely to be in close proximity in only a minority of
cases. A potential risk of delays in CPR and decreased CPR efficacy
was identified, especially when a lone rescuer is present. Future stud-
ies should focus on optimising dispatcher instructions, AED retrieval
integration, phrasing, video use, and technology-supported AED
location assistance.'®® In line with ILCOR, the ERC encourages
EMS agencies implementing DA public-access AED systems to mon-
itor and evaluate their effectiveness. Once OHCA is recognised and
CPR has begun, dispatchers are encouraged to ask if an AED is avail-
able. If no AED is accessible and multiple rescuers are present, dis-
patchers should provide instructions to locate and retrieve one, using
up-to-date registries where available. Once an AED is retrieved, dis-
patchers should guide the caller in its use.®

Ambulance equipment

According to the European Standard EN 1789:2020 every road
ambulance (type A1, A2, B and C) must be equipped with defibrilla-
tors that can record rhythm and patient data.’®” The ERC supports
this recommendation as timely defibrillation with restoration of circu-
lation is one of the strongest determinants of survival with favourable
neurological outcome.'®® The chances of survival decrease rapidly
with time, even when bystander CPR is provided, and defibrillation
after 15 min is associated with dismal chances of survival with
favourable neurological outcome. This is in line with the World Health
Organization’s Emergency Medical Teams 2030 Strategy which calls
on countries and organisations to take a proactive approach, and to
build and strengthen their EMT and rapid response capacities by
implementing standardisation and quality assurance.'*°

AED accessibility (benefits and harms of locked AED cabinets)
A recent ILCOR scoping review evaluated the benefits and harms of
locking AEDs in cabinets, identifying 10 studies (8 observational, 2
simulation) involving between 39 and 31,938 devices.'*° None
reported patient outcomes. Most studies found low rates of theft
and vandalism (<2.0 %), even when AEDs were accessible 24 h a
day. A comparison between locked and unlocked cabinets showed
similarly low theft rates (0.3 % vs 0.1 %). However, simulation stud-
ies demonstrated that locked cabinets delayed AED retrieval, and
one study reported rescuer injuries caused by breaking glass to
access cabinet keys.'“° In line with ILCOR, the ERC advises against
locking AED cabinets or making them inaccessible in any other way.
Novel anti-theft systems like geolocation tracking modules on the
AEDs can be explored instead. However, if locks are unavoidable
and still used, clear unlocking instructions must be provided to avoid
delays. Systems deploying public-access defibrillators should also
establish procedures for retrieving and redeploying used devices.

Prehospital critical care for out-of-hospital cardiac arrest

A recent ILCOR systematic review included 15 non-randomised
studies assessing the impact of prehospital critical care teams on
OHCA outcomes, involving 1,188,287 patients. Most teams included
physicians, while some involved critical care paramedics, primarily in

the UK and Australia.'®> Attendance of these teams at OHCAs was
associated with increased rates of survival to hospital discharge and
favourable neurological outcome. In line with ILCOR, the ERC rec-
ommends that prehospital critical care teams attend OHCAs if the
EMS system has sufficient resource infrastructure.

EMS experience and exposure to OHCA

An ILCOR systematic review including seven non-randomised stud-
ies evaluated the impact of resuscitation exposure and career expe-
rience on out-of-hospital cardiac arrest (OHCA) outcomes.'*' The
certainty of evidence was very low. Only one study'** assessed
EMS physician exposure but provided insufficient data to determine
any effect on survival with favourable neurological outcome. Three
studies'*?'** reported mixed findings on survival to hospital dis-
charge: the largest study showed that higher team exposure over
the previous three years was associated with increased survival,
while two others found no association. However, both of these also
reported lower survival among patients treated by teams with no
resuscitation exposure in the preceding six months.'*® Two stud-
ies'#>1%% found that higher paramedic exposure (defined as >15
cases over five years or >10 cases in one year) was associated with
increased rate of ROSC, although no studies specifically assessed
event survival. Four studies'**%¢7'%® found no consistent associa-
tion between years of clinical experience and survival, except one,
which reported higher survival rates among patients treated by more
experienced EMS providers. Overall, the evidence suggests that
greater exposure to resuscitation may improve survival and ROSC,
but the findings are inconsistent and subject to bias.’

In line with ILCOR, the ERC suggests that EMS systems: (i) mon-
itor clinical personnel’s exposure to resuscitation; and (ii) implement
strategies, where possible, to mitigate low exposure or ensure that
teams include members with recent resuscitation experience.

EMS system performance improvements

An ILCOR systematic review evaluated system performance
improvement initiatives for cardiac arrest management in both pre-
hospital and in-hospital settings.'*® The review included one ran-
domised controlled trial (RCT) and 41 non-randomised studies,
focusing on interventions aimed at improving system structure, care
pathways, clinical processes, and overall quality of care. One exam-
ple is the use of real-time CPR feedback and post-event debriefing,
which offer immediate guidance on compression quality and promote
continuous team learning. The RCT'° reported that system-level
interventions improved resuscitation skills, including a lower com-
pression rate (103 vs 108 per minute, p < 0.001), higher chest com-
pression fraction (66 % vs 64 %, p=0.016), deeper compressions
(40 mm vs 38mm, p=0.005), and fewer incomplete releases
(10 % vs 15 %, p < 0.001). However, there was no significant differ-
ence in survival. Among the 41 non-RCT studies, 17 showed signif-
icant improvements in neurologically favourable survival, 20 reported
increased survival to hospital discharge, and 16 demonstrated
enhanced skill performance. Additional studies reported improve-
ments in system-level metrics such as response time and CPR qual-
ity. The overall certainty of evidence ranged from moderate to very
low, with considerable heterogeneity across interventions. While sys-
tem performance initiatives appear promising, their resource require-
ments and cost-effectiveness remain unclear and warrant further
investigation. In line with ILCOR, the ERC recommends that EMS
systems implement performance improvement strategies to enhance
outcomes following OHCA.
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OHCA Termination Of Resuscitation (TOR) rules

A recent ILCOR systematic review identified 10 new observational
studies evaluating TOR rules for OHCA, focusing on prediction of
no ROSC, in-hospital death, and survival with unfavourable neuro-
logical outcomes.'®' Due to high bias and heterogeneity, no meta-
analysis was conducted.

Studies assessing ROSC prediction found variable sensitivity and
high specificity, particularly in paediatric cases. For in-hospital death,
adult TOR rules such as KoOCARC and uTOR had moderate sensitiv-
ity (0.31-0.79) but high specificity (0.80-1.00), meaning they effec-
tively identified non-survivors but had limited predictive accuracy.
Studies evaluating death or unfavourable neurological outcomes
reported low sensitivity but high specificity, limiting their clinical utility.
Additionally, two cost-effectiveness studies found Korean and Euro-
pean TOR rules to be cost-effective, with potential savings in cases
terminated in the field.'®> %3

One paediatric study developed a new TOR rule, achieving
99.1 % specificity, though with low sensitivity (30.4 %).'** Overall,
TOR rules accurately identify non-survivors but lack reliability in pre-
dicting individual survival, particularly in children.’

Healthcare professionals
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support training

v/
If available
prehospital critical
care team
Dispatch
centre

Post-event debriefing

Consistent with ILCOR, the ERC conditionally recommends that
EMS systems may implement TOR rules to assist clinicians in decid-
ing whether to discontinue resuscitation efforts at the scene or to
transport to hospital with ongoing CPR for adults. We suggest that
TOR rules may only be implemented following local validation of
the TOR rule with acceptable specificity considering local culture,
values, and setting. For paediatric OHCA because of insufficient evi-
dence we suggest against the use of TOR rules to decide whether to
terminate resuscitation efforts (Fig. 11).

In-hospital cardiac arrest management

Rapid response systems (RRS)

An ILCOR systematic review identified 62 relevant papers.'® There
was high heterogeneity among studies, with overall evidence rated
as very low to low due to serious risk of bias and imprecision. No
studies reported on hospital discharge with favourable neurological
outcomes. For survival to hospital discharge, low-certainty evidence
from eight non-RCTs showed no significant improvement after imple-
mentation of a Rapid Response System (RRS). One study found that
implementation of a RRS was associated with no difference in 30-
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Dispatcher-assisted CPR
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Measure
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Fig. 11 - Optimising emergency dispatch for cardiac arrest response.
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day survival after cardiac arrest, while another reported increased
long-term survival in hip fracture patients (p=0.008). Three RCTs
found no significant reduction in the incidence of IHCA, while 56
non-RCTs provided mixed results: 39 showed significant improve-
ment, and 17 did not. Adjusted analyses indicated that higher-
intensity RRS implementations (e.g., frequent activation, senior med-
ical staff) were more effective. Despite study heterogeneity, findings
suggest a reduction in cardiac arrest incidence in hospitals imple-
menting an RRS, with a dose—response effect favouring higher-
intensity systems." Consistent with ILCOR, the ERC suggests hospi-
tals should introduce a RRS to reduce the incidence of IHCA.

In-hospital system performance improvements

To increase quality of IHCA detection and treatment on a system
level, ILCOR proposes ten steps which include advice on plans,
preparations and prevention of IHCA, as well as how to perform
resuscitation and how to improve a culture of person-centered
care.'®® A recent ILCOR systematic review assessed system perfor-
mance improvement initiatives for cardiac arrest management in pre-
hospital and in-hospital settings. The review included one RCT and
41 non-RCTs, examining interventions designed to enhance struc-
ture, care pathways, processes, and quality of care.'*® Among these
41 non-RCT studies, 17 showed a significant improvement in neuro-
logically favourable survival, 20 reported increased survival to hospi-
tal discharge, and 16 found enhanced skill performance. Additional
studies demonstrated improvements in system-level variables such
as response time and CPR quality. The overall certainty of evidence
ranged from moderate to very low, with significant heterogeneity
across interventions. While system performance improvements
showed promise, the resource requirements and cost-effectiveness
remain uncertain, requiring further research.' Consistent with
ILCOR, the ERC thus recommends that hospitals use system
improvement strategies to improve patient outcomes after in-
hospital cardiac arrest.

Family presence

An ILCOR systematic review examined the impact of family pres-
ence during adult resuscitation from cardiac arrest including 18
quantitative studies (including two RCTs), 12 qualitative studies,
and one mixed methods study.'®” Providers experience was vari-
able, and family members had mixed psychological outcome (e.g.
depression, post-traumatic stress disorder). The evidence remains
of low or very low certainty.

Additionally, a recent ILCOR systematic review focused on family
presence during resuscitation in paediatric and neonatal cardiac
arrest, which included 36 studies.'*® Papers addressing the experi-
ences and opinions of parents and family found high agreement on
the wish to be present during resuscitation. In contrast, the articles
focusing on the healthcare providers” experience and opinion
showed mixed results. Healthcare providers who had experience in
family presence during resuscitation had a higher agreement. There
were seven studies on family presence during neonatal resuscita-
tion, with different topics and approaches. As this is a highly emo-
tional situation, there is a need for staff training for support and
debriefing.

Consistent with ILCOR, the ERC suggests that family members
be provided with the option to be present during in-hospital adult
resuscitation from cardiac arrest. Hospitals should develop policies
to guide family presence during resuscitation and provide healthcare
providers with education to manage these situations effectively.’

Pre-arrest prediction of survival following in-hospital cardiac
arrest

An ILCOR systematic review identified 23 studies evaluating 13 pre-
arrest prediction rules for survival following IHCA."®° The pre-arrest
morbidity (PAM) score and prognosis after resuscitation (PAR) score
were the most frequently studied, though clinical heterogeneity pre-
vented meta-analysis.

For predicting survival to hospital discharge, seven historical
cohort studies examined the PAM score, and four also assessed
the PAR score. Sensitivity was generally high (close to 100 %),
but specificity was low, meaning these scores often overestimated
mortality risk. No single cut-off reliably predicted non-survival.
Similarly, studies on the modified pre-arrest morbidity index
(MPI) score, National Early Warning Score (NEWS), and Clinical
Frailty Scale (CFS) showed inconsistent predictive value, with
low certainty evidence due to bias, imprecision, and inconsis-
tency. For predicting survival with favourable neurological out-
comes, seven studies examined the Good Outcome Following
Attempted Resuscitation (GO-FAR) score, which had high sensi-
tivity but low specificity, meaning it identified most survivors but
poorly distinguished non-survivors. Other models, including GO-
FAR 2, prediction of outcome following in-hospital cardiac arrest
(PIHCA), and classification and regression tree (CART), showed
similar limitations.

Overall, no pre-arrest prediction rule reliably predicted survival or
death following IHCA. The certainty of evidence was very low, limit-
ing confidence in these models for clinical decision-making.’

In line with ILCOR, the ERC recommends against using any cur-
rently available pre-arrest prediction rule as a sole reason not to
resuscitate an adult with in-hospital cardiac arrest.

Cardiac arrest centres (CAC)
Cardiac arrest centres are specialised hospitals that provide compre-
hensive post-resuscitation care through integrated, multidisciplinary
teams, advanced technologies, and adherence to evidence-based
guidelines."®*~'2 Until recently, the definition of a cardiac arrest cen-
tre varied across healthcare systems, contributing to heterogeneity
and limiting generalisability of findings.'®® In 2020, a European
multi-society consensus document provided a standardised defini-
tion and outlined core characteristics of cardiac arrest centres.'®"
The minimum requirements for cardiac arrest centres include:
e 24/7 on-site coronary angiography lab
o Emergency department
e ICU with temperature control capability
e Echocardiography, CT and MRI imaging
o Multimodal neuroprognostication
o Rehabilitation services
e Education and training facilities
e Data collection and quality assurance
e Clear protocols for transferring selected patients to OHCA hub
hospitals with additional services
These hub hospitals offer expanded diagnostics and treatments
during or after the acute phase, including extracorporeal CPR
(ECPR), arrhythmia management and electrophysiological studies,
device therapy (e.g., ICD implantation), survivor screening, genetic
testing and counselling for families, research infrastructure, and
fundraising capacity.
Local accreditation programmes have already been successfully
implemented.6* 155 Accreditation should be based on defined inter-
disciplinary criteria, including:
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e Structural quality: 24/7 percutaneous coronary intervention (PCl)
availability and intensive care unit (ICU) capacity with tempera-
ture control (TC)

e Process quality: standard operating procedures (SOPs) for com-
munication between EMS and emergency department staff, pro-
tocols for inter-hospital transfer following OHCA, and
neuroprognostication guidelines

e Quality assessment: systematic recording of interventions, time
intervals, and outcomes.

e Defined treatment pathways with clearly documented protocols

e Transparent communication of outcomes

Another important aim of designating cardiac arrest centres is to
improve both survival and neurological outcomes in OHCA patients,
while also fostering education and research in resuscitation care.

ILCOR conducted a systematic review in 2020 to assess the
impact of cardiac arrest centres on OHCA survival. The review con-
cluded that such centres might be beneficial, but all included studies
were observational, limiting the strength of the evidence.'®® In
response to emerging data, ILCOR performed a new systematic
review in 2024, incorporating over 145,000 patients across 15 obser-
vational studies'®? and, for the first time, a randomised controlled
trial (RCT)'®”: The observational studies consistently found that
transporting OHCA patients to cardiac arrest centres was associated
with improved survival and better neurological outcomes. However,
the RCT found no significant differences in outcomes between car-
diac arrest centres and non-designated hospitals (this study only
assessed patients without post-ROSC ST elevations). This discrep-
ancy highlights the limitations of observational studies, including
potential confounding factors such as patient selection bias and vari-
ation in hospital resources.'%®

Despite these limitations, the overall body of evidence suggests
that cardiac arrest centres may provide superior care, especially
when advanced interventions such as PCI are available. Supporting
this, a recent multi-centre European survey of 247 hospitals showed
that cardiac arrest centres admit more patients annually, are better
equipped, and more consistently follow guideline-based care.'®®

There is currently insufficient data to support subgroup-specific
recommendations, such as for different ages, presenting rhythms,
or primary versus secondary transfers. Additionally, cardiac arrest
centres are likely to be feasible only in high-resource settings, and
healthcare systems should ensure that resources are optimally dis-
tributed across the entire chain of survival.

In line with ILCOR, the ERC suggests that adult patients with
non-traumatic OHCA should be treated in cardiac arrest centres
whenever possible. Ongoing research and refinement of the criteria
for such centres are essential to support further improvements.

System performance improvement

To improve survival outcomes, systems must continuously strive to
enhance their performance. This principle is captured in the local
implementation element of the Utstein formula of survival. System
performance improvement refers to coordinated efforts aimed at
strengthening the structure, care pathways, processes, and overall
quality of care, either at the organisational or population level. These
efforts may involve single or bundled interventions and can include
one or multiple departments or organisations. This ERC recommen-
dation is informed by the 2024 ILCOR CoSTR on system perfor-

mance improvement.'’® The 2024 update included 15 additional
studies, adding to the 27 identified in the 2020 review.'*° Reported
interventions included:
e Implementation programmes
e Technology (e.g., dispatcher video connections, smartphone
apps)
e Event-specific feedback (real-time coaching or post-event
debriefing)
e Logistical and educational initiatives
e Public awareness campaigns (e.g., Kids Save Lives)
e System evaluations and audits

The updated ILCOR CoSTR found that four non-randomised
studies reported improved survival with favourable neurological out-
comes at discharge and six non-randomised studies reported
increased survival to hospital discharge. These studies encom-
passed both OHCA and IHCA cases.

Based on the consistent positive impact across provider-,
organisational-, and system-level outcomes, ILCOR issued a strong
recommendation in support of performance improvement initiatives.
However, implementing such strategies requires financial resources,
personnel, and stakeholder support, which may vary across sys-
tems. Examples of impactful initiatives include the Resuscitation
Academy programmes developed by the Global Resuscitation Alli-
ance for OHCA, and the ILCOR consensus statement on Ten Steps
Toward Improving In-Hospital Cardiac Arrest Quality of Care and
Outcomes.'*®'"" Based on this evidence, the ERC recommends that
all organisations and communities involved in the treatment of car-
diac arrest adopt system improvement strategies to enhance patient
outcomes.

Survivorship and co-survivorship
Multidisciplinary care and long-term follow-up
Cardiac arrest survivors are individuals who have been successfully
resuscitated from a cardiac arrest. Most will be discharged home with
varying levels of neurological, psychological, and/or physical impair-
ment.'%® Depending on local policies regarding the withdrawal of life-
sustaining treatments, a smaller but varying proportion of patients
may experience prolonged consciousness disorders, necessitating
extended rehabilitation and institutionalization.'®®

Key supporters have been defined as individuals with a signifi-
cant relationship with cardiac arrest survivors.'”? This group includes
family members, spouses, partners, close friends, or others who
share a close bond with the survivor. Key supporters play a crucial
role in the survivor’s recovery and well-being. Some within this group
may identify as 'co-survivors,” recognising their shared experience
and impact from the event’. The concept of survivorship and co-
survivorship acknowledges the complex and often enduring emo-
tional, physical, social, and economic challenges associated with life
during and after critical illness such as cardiac arrest. It has been
identified as one of the key challenges for the resuscitation
community."”®

Cardiac arrest survivors may exhibit an array of symptoms and
challenges related to both the cause of the cardiac arrest and its
aftermath.®® Various physical, emotional, and cognitive limitations
which can impact an individual’s health-related quality of life and abil-
ity to re-engage with society can be present even in those discharged
with ‘favourable’ neurological outcome; these limitations can persist
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for years.'”*~'”® Family members and close friends, especially those
who witnessed the arrest, may have substantial emotional problems
and experience high levels of care-giver strain.'”® These issues
require a comprehensive, multi-disciplinary approach involving med-
ical, psychological, physical, occupational, and social support.'”>~77
However, current follow-up programs may not fully address these
needs.'®'®2 Care pathways for survivors and co-survivors should
be tailored to an individual’s often fluctuating needs across the recov-
ery journey, from both the early stages post-event to the longer-term
follow-up. The focus should be on optimising psychological recovery,
independence, societal reintegration, and improved health-related
quality of life."®®

Cardiac arrest survivor organisations
Recent evidence indicates that cardiac arrest survivors have a wide
range of needs beyond just healthcare.'®® These needs encompass
spirituality, social networks, practical assistance, legal issues, and
economic support, highlighting the importance of community-based
support systems. Cardiac arrest survivor organisations are
community-based organisations supporting survivors and co-
survivors. An international survey conducted by the ERC in 2024
aimed to identify active organisations and to examine their structure
and activities.'®* The survey found eight active organisations world-
wide, six based in Europe. These organisations offer resources and
support during the recovery process, provide information, and raise
awareness about cardiac arrest and its consequences. They also
promote research in this field and create communities where individ-
uals can share their experiences, benefitting from peer support.
Although evidence of the impact of peer-support following cardiac
arrest is limited, wide ranging benefits, including reduced anxiety
and enhanced health-related quality of life, have been described in
other conditions such as stroke and cancer.'84'%®

Cardiac arrest survivor organisations describe numerous barriers
to the support that they can offer to survivors, including a lack of con-
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nection with healthcare systems and the local national resuscitation
councils. It is also acknowledged that organisations focused on
related diseases, such as cardiovascular diseases, could provide
additional support for cardiac arrest survivors whose arrest is linked
to their disease of interest. This underscores the importance of
enhanced connectivity between national resuscitation councils,
healthcare systems and survivor organisations with other major
organisations to better address survivors’ needs and the optimisation
of resources (Fig. 12).

Patient and Public Involvement and Engagement (PPIE)
Although variously defined, Patient and Public Involvement and
Engagement refers to the active involvement of people as partners
in the planning and conduct of research, in developing the
evidence-base for healthcare guidelines, and in contributing to policy
decisions. This engagement is quite different to patients participating
as passive research subjects; rather, activities are conducted ‘with’
or ‘by’ the public, rather than ‘to’ or ‘for them.'®% %% Increasingly seen
as a mainstay of healthcare research, PPIE is underpinned by ethical
principles and an ambition to enhance both the quality of outcomes
and the relevance, quality and integrity of decisions.’®' Whilst
engagement with PPIE in resuscitation research is relatively
new, 81917194 3 growing body of research highlights its added
value.
Numerous funding bodies and organisations, such as the
National Institute for Health Research in the UK, the Patient-
Centered Outcomes Research Institute in the US, and the Canadian
Health Institute, champion the importance of PPIE across all stages
of the research cycle. Similarly, opportunities for PPIE exist through-
out the chain of survival, but its potential in resuscitation research
and healthcare policy remains largely untapped and unexplored.'%®
Recognising the importance of PPIE to the future of resuscitation
research, the ERC is committed to PPIE. As a starting point, initial
steps have been taken to work collaboratively with community advi-
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sors (cardiac arrest survivors, co-survivors, etc.) in the development
of this ERC Guidelines 2025. International standards for high-quality,
evidence-based clinical guideline development include PPIE as a
core principle'®” with the proposition that meaningful engagement
enhances community relevance.'®” No standardised methodologies
for active PPIE in the co-production of guidelines are available.'®®

New technologies and artificial intelligence

In recent years, digital health tools, artificial intelligence (Al), and
advanced sensor-based monitoring systems have reshaped how
cardiac arrest might be we identified and managed. While traditional
resuscitation has typically relied on bystanders and EMS acting
quickly, a significant change is underway.?°°->°” Al-driven technolo-
gies, wearable devices, and automated systems are changing the
response to these life-threatening emergencies.”®® Currently no
ILCOR-graded evidence is available on this topic. The ERC System
Saving Lives writing group explored new technologies in general nar-
ratively, while Al-related advancements are addressed through a
scoping review.

The role of new technology in resuscitation
Wearable health devices including smartwatches and biometric
patches are opening new doors for continuous, real-time cardiac
monitoring.?°°~2'3 According to recent studies, technologies like pho-
toplethysmography and electrocardiogram sensors are highly effec-
tive in detecting arrhythmias, including atrial fibrillation, with both
high sensitivity and specificity.?'*'® Projects such as Home Emer-
gency Alerting and Response Technology — Survive A Fatal Event
(HEART-SAFE) and BEating Cardiac Arrest (BECA) are developing
Al-integrated smartwatches capable of detecting OHCA and the abil-
ity of autonomously alerting EMS, shaving off precious minutes from
response times, especially in cases that would otherwise go
unnoticed.?'%#20

Beyond wearables, contactless monitoring solutions use infrared
and radar-based sensors broadening the ability to detect cardiac
events from a distance.??°??® Some smart speakers and home Al
assistants are already being equipped with software capable of
recognising agonal breathing, a tell-tale sign of cardiac arrest. These
devices can automatically notify EMS, offering a possible lifeline in si-
tuations where no one is around to witness the collapse.??”:228

Mobile apps and digital platforms are also playing a critical role in
connecting bystanders with emergency resources. For example,
smartphone apps that pinpoint the location of nearby AEDs, crowd-
source first responder networks, and provide on-the-spot CPR guid-
ance are helping bridge the gap between the moment a cardiac
arrest occurs and when professional care arrives. Al-powered plat-
forms capable of analysing real-time sensor data potentially allow
life-saving interventions to be activated before a cardiac event fully
develops.?292%0

Education for resuscitation is also evolving. Smart technologies
improve technique and performance. Wearable devices now offer
live feedback on the depth and rate of chest compressions, and hap-
tic feedback via smartwatches and similar tools is helping both trai-
nees and professionals perform higher-quality resuscitations, which
in turn is known to improve patient outcomes.?®'~2%2

Despite these advances, there are still tough challenges. The
concerns about the accuracy of Al algorithms, hurdles in getting reg-
ulatory approval, and persistent questions about data privacy.>3*2%°

Not everyone has access to these technologies, particularly in lower-
resource settings, raising important questions about health
equity.236*237

Looking ahead, research should focus on fine-tuning Al detection
systems, improving the ways different technologies work together,
and testing these tools in clinical settings to show improved patient
outcomes. As Al becomes more common in resuscitation protocols,
building public trust and promoting awareness will be key. The inter-
section of Al, wearable technologies, and automated emergency
responses represents a huge shift in resuscitation science. If imple-
mented thoughtfully, these innovations could drastically reduce
delays in cardiac arrest recognition and intervention, possibly leading
to better survival rates and neurological outcomes. As the science
moves forward, technology-driven solutions are likely to play a cen-
tral role in reshaping how both healthcare professionals and the pub-
lic respond to cardiac emergencies.

Artificial intelligence (Al)
Artificial intelligence (Al) is emerging as a powerful tool in cardiac
arrest management, complementing traditional practices and
advancing areas like early detection, risk assessment, treatment
decision-making, and outcome forecasting.*® But while Al holds pro-
mise, it's not without its complications. There are still big questions
about data quality, algorithm bias, transparency, and patient privacy
that need careful consideration.?**2*° We conducted a scoping
review that mapped out the current state of Al applications in cardiac
arrest management.>*' The review covered 197 studies, highlighting
how Al is being used to improve risk assessment, CPR performance,
and outcome prediction. Al-based models are consistently outper-
forming traditional methods in predicting ROSC and survival rates.
Deep learning and machine learning systems are also helping iden-
tify shockable rhythms, guide CPR in real time, and optimise emer-
gency dispatch protocols. Yet, most studies so far have been
retrospective, with limited real-world validation. Prospective trials
are urgently needed to confirm Al’s impact on clinical outcomes.?*’

Al systems are showing impressive abilities when it comes to pre-
dicting cardiac arrests and life-threatening arrhythmias.>” By contin-
uously analysing ECG data, these models can pick up on subtle
warning signs that may indicate an impending cardiac event. Studies
even suggest Al can outperform conventional risk assessment tools,
particularly in predicting in-hospital cardiac arrest—something tradi-
tional methods often struggle to do reliably.?**?*" This means clini-
cians could intervene earlier and potentially save lives. For
example, by mining electronic health records, Al tools have identified
patients at increased risk of cardiac death, often within a specified
timeframe.>*"?*2 This insight allows healthcare providers to craft
personalised prevention strategies. The ability of Al to detect subtle
ECG changes that may be overlooked by human eyes is another
advantage, offering early warnings and supporting timely clinical
decisions.?*!7#43

Al is also playing a growing role in diagnosing cardiac arrest. Sys-
tems powered by Al can quickly analyse patient data to identify
shockable rhythms, allowing for prompt defibrillation.?*>#*¢ And
when it comes to CPR, Al-based systems can provide real-time feed-
back to healthcare providers, improving the quality of chest compres-
sions and overall resuscitation efforts.>*” Beyond detection and
diagnosis, Al is being explored for its ability to identify early risk fac-
tors and help refine CPR techniques.?*®
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Another area where Al performs well is in interpreting ECGs.
These algorithms can pick up on subtle irregularities that may indi-
cate cardiac problems before they become apparent to even experi-
enced cardiologists. This allows for earlier diagnosis and
intervention.>*” Al is also being used to predict neurological out-
comes following cardiac arrest. By analysing clinical factors and
biomarkers, Al models offer guidance that can help clinicians make
informed treatment decisions and provide families with more accu-
rate prognostic information.?*® Artificial neural networks, in particular,
have shown the potential for greater accuracy and personalization
than traditional forecasting methods.?*?%°° A recent review of 41
studies looking at 97 machine learning models and 16 deep learning
models found strong predictive capabilities for key outcomes, includ-
ing ROSC, survival, and neurological recovery. The pooled area
under the curve for predicting favourable neurological outcomes
(CPC 1-2) at hospital discharge was 0.871 (95 % CI: 0.813-0.928)
for machine learning and 0.877 (95 % CI: 0.831-0.924) for deep
learning models. Still, despite these encouraging numbers, chal-
lenges remain. Many studies have limitations because of missing
data, inconsistent external validation, and varying methodologies,
all of which can affect reliability and raise concerns about bias.?’

The use of Al in healthcare is not without ethical implications.
Patient privacy and data protection are major concerns, requiring
strict data handling and security measures. Algorithmic bias is
another serious issue. If Al models are trained on skewed data-
sets—say, overrepresenting one demographic group—they might
perform poorly for patients outside that group.?*>2°® That could
mean misdiagnosis, delayed treatment, or even inappropriate care.
To address these risks, it is important to train Al systems on diverse
datasets, evaluate their performance across different populations,
and build fairness into their development from the ground up. There
is also the question of whether Al might depersonalise healthcare,
reducing human interaction and making patients feel like they are
being treated by machines rather than people. While Al can boost
efficiency and accuracy, it is essential to keep empathy and patient
engagement at the core of care.

Al’'s potential is enormous, but it is not without its limits. These
systems require massive, diverse datasets to train on, and managing
unstructured data—like imaging or free text in electronic records—is
still a hurdle. Oversight by human experts remains essential to
ensure Al's recommendations are reliable. Despite the expanding
body of research in Al-driven cardiac arrest prediction, much of it still
depends on traditional machine learning methods. Exploring
advanced deep learning techniques could lead to even better results.
However, concrete evidence that Al improves real-world outcomes in
cardiac arrest remains limited for now. That is why future studies
should focus on developing more robust, explainable Al models, test-
ing them in varied clinical environments, and addressing the ethical
challenges head-on. Al could also have a key role in global strategies
for preventing cardiac death, which deserves more investigation.

Al offers exciting possibilities for improving how we manage car-
diac arrest—helping clinicians detect problems earlier, make better
treatment decisions, and predict outcomes more accurately. But to
make the most of these technologies, we need to be mindful of their
limitations and ethical issues. Healthcare providers should follow
strict ethical guidelines, prioritise patient privacy, and work to min-
imise bias in Al tools. Continued research and collaboration are cru-
cial for refining these systems and ensuring they are used
responsibly in practice. Done right, Al could transform cardiac arrest
care and significantly improve patient outcomes.?>*"2%7

Al integration in resuscitation medicine faces several key chal-
lenges. These include concerns about data privacy, algorithmic bias,
the need for transparency, and earning the trust of clinicians and
patients alike. Standardising evaluation metrics and conducting more
collaborative research will be essential for promoting safe, equitable
Al adoption in cardiac arrest care. By addressing these concerns
thoughtfully and ethically, the medical community can unlock Al’s full
potential helping to optimise emergency response strategies, improve
outcomes, and drive further innovations in resuscitation science.
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