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INTRODUCTION
To bring about substantive, long-standing improvements in 
healthcare, a national- and systems-level approach should ideally 
be followed. However, many countries do not have this luxury 
and should aspire to achieve a high level of cooperation and 
buy-in regardless of the time required. In short, this was how 
Singapore approached the challenge to improve the survival rates 
of patients who experience out-of-hospital cardiac arrest (OHCA).

Our journey began with a group of idealistic emergency 
physicians who observed how other systems worldwide were 
achieving survival rates about three times higher than those 
observed in Singapore.(1) Singapore had only single-digit survival 
rates, topping at 3.5% by the end of 2011.(2,3) By 2012, the 
implementation of new initiatives and escalating support led to 
a gradual increase in the survival rate for OHCA. After years of 
data collection, evidence gathering and planning, researchers 
convinced the Ministry of Health (MOH), Singapore that better 
outcomes could be achieved. From 2011 to 2018, Singapore 
witnessed a rise in overall survival-to-discharge rate from 3.5% to 
5.9% and increased Utstein (witnessed, shockable) survival rate 
from 11.6% to 25.9% among patients with OHCA.(4)

OHCA REGISTRY IN SINGAPORE
Cardiac Arrest and Resuscitation Epidemiology
The journey of OHCA research in Singapore began in 2002 with 
the Cardiac Arrest and Resuscitation Epidemiology (CARE) Phase I 

project. The project aimed to describe the epidemiology of OHCA 
in Singapore using data collected between 1 October 2001 and 
30 April 2002. Based on data (548 cases) collected over seven 
months, a 20.6% rate of bystander cardiopulmonary resuscitation 
(CPR) and an overall 2.0% survival-to-discharge rate was reported.(5) 
Results from the CARE I project provided preliminary insights 
regarding the incidence of OHCA in Singapore and presented an 
opportunity to implement subsequent phases such as CARE II to 
further improve and strengthen the chain of survival (a concept 
depicting the various components of a systematic approach to 
OHCA response, leading to optimal patient outcomes).(6) CARE 
Phase II sought to evaluate the benefits of introducing intravenous 
epinephrine in the prehospital setting. Although the study did not 
show significant survival benefit in patients,(7) it captured the interest 
of emergency care providers in Singapore and fuelled further 
research in the field of OHCA and prehospital care.

Pan-Asian Resuscitation Outcomes Study Clinical 
Research Network
In 2010, the Pan-Asian Resuscitation Outcomes Study Clinical 
Research Network (PAROS CRN), led by Singapore, was 
developed as a platform to improve outcomes in prehospital and 
emergency care across the Asia-Pacific by promoting high-quality 
research in resuscitation. Comprising dedicated emergency 
physicians and prehospital care providers from across the Asia-
Pacific, the CRN has grown from seven to 13 countries, with more 
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than 30 participating sites to date. A new set of data elements, 
including those contained in the Utstein reporting template along 
with a data taxonomy, was included with consensus from PAROS 
executive members.(8)

PAROS collaboration
The PAROS CRN’s association with the Cardiac Arrest Registry to 
Enhance Survival (CARES) started with its collaboration with the 
Centers for Disease Control and Prevention, Atlanta, USA. CARES 
has supported PAROS in developing and managing an electronic 
data capture system known as ePAROS, which is available free of 
charge to PAROS members. The ePAROS software collects data 
about OHCA. PAROS is also supported by the Singapore Clinical 
Research Institute. This collaboration also involves reconciliation 
of data elements for potential CARES-PAROS projects, which 
helps to establish international benchmarks for the outcomes of 
OHCA to improve patient survival.

National population health survey
A national population health survey on the knowledge, attitudes 
and practices of Singapore residents towards life-saving skills was 
conducted from November 2009 to March 2010. A total of 7,840 
household addresses were randomly sampled and selected for this 
survey. The response rate was 65.2% (4,192 respondents), and 
the survey results showed that a high proportion of respondents 
believed that adults should be trained in first aid (89.1%) and 
CPR (82.6%).(9) The survey also found that the proportion of 
those who had ‘ever been’ trained in these skills was very low, 
which was a significant finding of the study.(9) Data collected and 
contributed by the Singapore cohort of PAROS can be used to 
identify and support areas of need such as community training in 
CPR and automated external defibrillator (AED) skills. This will, 
in turn, improve community responsiveness and confidence in 
rendering assistance for cardiac arrest incidents, likely leading to 
improved bystander CPR rates, AED application and, eventually, 
better survival outcomes. Data is critical to garner decision-maker 
support and funding to implement changes or interventions. 
Galvanising change-makers to get work done at the grassroots 
level is the next essential step.

DEVELOPING ALLIES: MANY HANDS 
MAKE LIGHT WORK
First five years
Between 2012 and 2017, efforts to increase survival from OHCA 
were guided by our first five-year strategic plan, which served 
as our blueprint to address prehospital emergency care (PEC) 
objectives, including OHCA. A unit for PEC (UPEC), comprising 
part-time emergency medical services (EMS) physicians, 
paramedics, nurses and executive staff hosted under Singapore 
General Hospital, was set up by the MOH to support the 
implementation of this five-year plan. Fig. 1 shows the timeline of 
key initiatives that contributed to improvements in the prehospital 
setting in Singapore.

Collaboration with the Singapore Civil Defence Force (SCDF), 
MOH and UPEC was essential for the success of this plan. The 

SCDF runs fire-based EMS in Singapore. The MOH funded the 
establishment of UPEC and facilitates the passage of any policy 
or protocol changes. UPEC functions in the wider domain of 
prehospital emergency care; however, its early role in convening 
and marshalling the input of thought leaders was a major reason 
for the focus on OHCA and the eventual progress made. The 
benefits of convening stakeholders and thought leaders should not 
be overlooked. An emergency physician from each of the public 
hospitals was part of the UPEC setup. The Chief Medical Officer 
of SCDF and emergency medical dispatch nurses who handle 
cardiac arrest calls were also participants. This collaboration 
allowed ideas, problems and solutions to be discussed by the 
people who could implement the required changes. Monthly 
stakeholder group meetings were a routine, and these were 
enriched with presentations by invited academia, stakeholders in 
the industry and other partners, who presented their innovations 
or proposals for collaboration.

The first five-year strategic plan kickstarted UPEC and its 
subsequent efforts. The second five-year plan (2017–2022) was 
important because it helped to solidify the cooperation required 
across organisations. Group leaders from SCDF, MOH and UPEC 
were tasked with reporting the progress of the objectives from 
the previous five-year plan. Then, a larger group from these 
organisations convened at a retreat, where workgroups were 
formed for each strategic domain. Using a consensus-based 
approach, each workgroup developed its own assessment of the 
previous goals and set new ones. In the weeks after the retreat, 
the UPEC staff collated the finalised workgroup priorities into a 
working document.

In January 2016, leaders from MOH, SCDF and UPEC 
attended a half-day stakeholder meeting, where they assessed 
which of the goals were practical and achievable within the 
next five years, and garnered management-level support among 
themselves. Some goals were removed and others were refined. 
Overall, the attendees achieved consensus on the second five-year 
plan of the UPEC. Based on this strategic plan, the UPEC sought 
multi-ministry approval and funding to carry out its objectives.

COMMUNITY INTERVENTIONS
An innovative community-based training programme called 
‘Dispatcher-Assisted first REsponder (DARE)’ was launched in 2014. 
This 45-minute programme, which is video-guided along with 
hands-on training, teaches participants how to save lives through 
simplified compression-only CPR and the use of an AED.(10) Studies 
have shown that the compression-only approach yielded equal or 
slightly better outcomes for adults with OHCA and helped reduce 
barriers and delays to CPR.(11,12) The learning objectives of DARE 
are: immediately contact ‘995’ for an ambulance and stay on the 
line with the medical dispatcher; perform chest compressions 
on the centre of the chest by pushing hard and fast; and inform 
someone to get the AED and then use it.(10) First piloted in schools,(10) 
DARE has, over the years, spread across the nation, including 
business sites, places of worship and community clubs.

To assist with chest compressions, the CPRcardTM, another 
innovative tool that complements the DARE programme, was 
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initiated. The CPRcard is a novel, credit card-sized feedback 
device that provides visual assistance to achieve proper depth 
and rate of chest compressions.(13) It is part of a research study 
in collaboration with Laerdal Medical (Norway) to evaluate 
whether the DARE programme and CPRcard training would 
bring about a change in the attitude and confidence of the public 
in saving lives and whether they lead to any improvements 
in bystander response rates and victim survival. Participants 
receive a CPRcard at the start of their training and use it during 
their compression practice. The compression data is stored in 
the CPRcard and extracted at the end of the training. Pre- and 
post-training surveys are part of the training experience for these 
participants. This allows researchers to observe how participants 
viewed CPR and AED use before and after the training. One 
study that compared the quality of chest compressions with 
and without the use of the CPRcard showed that better-quality 
compressions were delivered by the participants with the 
CPRcard feedback compared with those delivered without 
feedback (net compression rate of 100–120/min, depth ≥ 5 cm, 
36% and 4.0%, respectively; p = 0.022).(13) Moreover, most 
of the participants responded positively, stating that using the 
feedback device increased their confidence in performing 
chest compressions (median score 2.7 ± 2.3, where 1 is ‘very 
confident’ and 10 is ‘not confident’).(13) This confidence would 
presumably extend to real cases.

At the end of the training, participants are encouraged to 
download myResponder,(14) a smartphone application created 
by the SCDF. Such smartphone technology, in general, has the 
potential to reach out to the masses and get ‘Good Samaritans’ 
to help victims before the ambulance arrives, significantly 
increasing bystander CPR rates.(14-17) The key features of the 
myResponder app are: (a) ‘995’ call button with enabled 
GPS to detect the location of the incident; (b) AED registry 
for users to locate the nearest AED; and (c) capability to alert 
active responders who are app users to nearby OHCA cases 
occurring within 400 m of their location.(14) As the CPRcards 
are also intended for use in real emergency cases, these 
CPRcard-trained residents can accept the app alert, attend to 
the case and use the CPRcard on a victim of OHCA before 

the ambulance arrives. Typically, CPRcards are used in real 
cases by myResponder app users. Since the launch of the 
myResponder app, we have observed an increasing proportion 
of cases where myResponders have accepted the alerts and 
arrived at the scene. In 2019, 45.8% of myResponders accepted 
the notifications and 24.1% arrived at the scene.(14) Of these, 
43% arrived before an ambulance did.(14) The last measure is 
an indicator of advanced public response to OHCA, which we 
hope will continually improve.

EMERGENCY MEDICAL SERVICES AND 
EMERGENCY DEPARTMENTS
The transformation of OHCA care in prehospital and hospital 
settings took place over a decade. From 2011, mechanical 
CPR devices were deployed in SCDF ambulances, initially as 
a pragmatic, cluster-randomised, pre-hospital trial comparing 
LUCAS 2 (Physio-Control, Redmond, WA, USA) with manual 
CPR and subsequently, as standard care. This study (MECCA trial), 
which was conducted between 2011 and 2012, has previously 
been described.(18) Subsequently, LUCAS 2 was rolled out to all 
ambulances. In 2012, Singapore participated in a comprehensive 
dispatcher-assisted CPR (DA-CPR) implementation package as 
part of the PAROS Phase II study. It comprised dispatcher training 
focused on protocolised communication and persuasion, review 
of audio recordings of all OHCA calls, feedback to dispatchers 
and public education.(19) After a planned six-month ‘run-in’ period, 
all dispatchers were able to provide DA-CPR consistently. (20,21)

In 2014, intraosseous access was introduced to ambulances 
as part of a cluster-randomised prehospital trial. This was used 
in OHCA cases for administration of adrenaline after intravenous 
access attempts had failed. In 2019, the advanced life support 
termination of resuscitation protocol was adopted across 
Singapore. While data collection is ongoing, a Markov model 
simulation based on the data collected so far indicated reduced 
healthcare costs and fewer non-beneficial hospital admissions.(22) 
Over the years, advanced hospital-based interventions, including 
targeted temperature management and urgent coronary 
angiography, have been adopted in varying degrees across 
Singapore.(23)

Cardiac Arrest
and Resuscitation

Epidemiology
(CARE) Phase I

Development
of PAROS CRN

Mechanical
CPR device

Dispatcher -
Assisted CPR

Dispatcher-
Assisted first
REsponder

(DARE)
programme myResponder

DARE
Community

Training

Termination of
Resuscitation

Protocol

Cardiac Arrest
and Resuscitation

Epidemiology
(CARE) Phase II

National
Population

Health Survey

Fire Bikers
Scheme

Registry for
Automated

External
Defibrillator
Integration
(R-AEDi)

Intraosseous
Vascular Access

Save-A-Life
Initiative

DARE with
CPRcard

2002 2010 2011 2012 2014 2015 2015

2015

2019

2004 2010 2012 2014 2014 2016
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Ongoing research
The simultaneous implementation of the three community 
interventions (DA-CPR, CPR+AED training and myResponder 
mobile app) had positive cumulative effects on bystander 
CPR and was associated with increased survival to hospital 
discharge.(24) To improve the effectiveness of bystander CPR 
and survival after OHCA, researchers have introduced the 
next-generation CPRcard, which will enable SCDF dispatchers 
to remotely observe the quality of CPR compressions being 
delivered to patients by myResponders in real time. Volunteers 
pair their next-generation CPRcard, which is Bluetooth-enabled, 
with their phone and resume their usual myResponder voluntary 
activities. This technological enhancement will enable SCDF 
dispatchers to not only observe the quality of compressions 
being delivered but also coach the responder based on what 
they observe. We believe that the enhanced CPRcard will result 
in better-quality chest compressions, and this will be the subject 
of our upcoming study.

POLICY/PROTOCOL RECOMMENDATIONS
Table I lists some community-based interventions that we have 
implemented over the years, which may be helpful to those who 
are considering a systematic approach to save lives.(25)

DA-CPR protocol
When calls come in for a suspected cardiac arrest, the caller is in 
the best position to render a life-saving intervention. However, 
many individuals are not trained in these skills or do not remember 
their training. Therefore, having a trained dispatcher provide ‘just-
in-time’ directions could be the determining factor for saving a life. 
The bystander CPR rate in Singapore increased dramatically after 
DA-CPR was implemented. Consequently, the patient survival 
rate also increased.(26)

OHCA alert app (myResponder)
Smartphone alert apps are important to speed up critical help 
for patients with OHCA. In most cases, trained and motivated 
responders in the vicinity can respond faster than EMS. Hence, 
this is a good intervention to pair with AED installations.

AED installations
An AED is life-saving for a victim of OHCA with a shockable 
heart rhythm, as it restores the heart rhythm to normal. This 
device is most effective during the initial moments of cardiac 
arrest. It is the hallmark of an advanced community response 
to OHCA to have in place a system of installed AEDs, and 
for citizens to retrieve and apply them to the victim before 

Table I. Recommended interventions for response to out-of-hospital cardiac arrest (OHCA).

Institution Community EMS/ambulance Hospital/Emergency 
Department

•  Be it research, academic 
medical institutions or 
ministries of health, any 
initiative must begin with 
collecting data and taking 
a measure of the baseline. 

•  Hospitals should 
collaborate in achieving 
consensus on what data 
points will be collected 
and gathered into a 
centralised repository.

•  A basic level of CPR and AED skills 
training should be implemented 
widely through various means 
and leverage technology if in-
person training is impractical. 

•  Certified CPR/AED/first aid 
courses should be adequately 
available, as required.

•  Nonconventional means of 
teaching should be considered to 
reach the greatest numbers.

•  Quality of training should remain 
a goal but may come with time. 
Awareness of what to look 
for and what to do may be a 
reasonable starting point. 

•  Public AED installations and 
accessibility is another important 
component because of the 
important role AEDs have in 
treating patients with OHCA with 
shockable rhythm.

•  CPR/AED training as a 
requirement to get/renew 
driver’s licence is also a common 
approach. 

•  School-based training 
requirements as part of physical 
education is a popular means of 
training.

•  Gather data and engage in continuous 
improvement. Share data with strategic 
partners in an effort to systematically 
improve OHCA response.

•  DA-CPR or tele-CPR is where a caller to 
the EMS system is asked to intervene and 
is given instructions by the dispatcher. 
Bystander CPR rate in Singapore 
increased dramatically after DA-CPR 
was implemented. The survival rate also 
increased.(26)

•  Alert apps are a good way to enable your 
community to help. Smartphones are 
common and can be leveraged to get 
greater use and coverage by the app.

•  Ambulance care is dependent on the 
maturity of a particular EMS system. Its 
development and the improvements that 
can follow should not be overlooked.

•  Infrastructure and traffic conditions also 
play an important role, particularly in a 
‘scoop and go’ system.

•  Hospital-based care is 
important, but this is only as 
effective as the earlier parts 
of the chain of survival.(6) 

•  Common interventions 
include advanced 
resuscitation rooms, 
24/7 angiogram facilities, 
hypothermia treatment and 
post-resuscitation care. 

AED: automated external defibrillator; CPR: cardiopulmonary resuscitation; DA-CPR: dispatcher-assisted cardiopulmonary resuscitation; EMS: emergency medical services
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EMS arrives.(27,28) Singapore now has nearly 8,000 installed 
AEDs, mostly in residential areas, where 70% of cardiac 
arrests occur.(29) We have also set up a national Registry for 
Automated External Defibrillator Integration(29) that feeds the 
myResponder App.

Training schoolchildren
Having a high degree of CPR/AED saturation in the populace 
is a good safeguard for sustaining successful improvements in 
the response to OHCA. Relevant knowledge and skills should 
be instilled starting from school-aged children. Studies show 
that schoolchildren are not too young to learn CPR and to be 
motivated to help others.(10,30) We worked with the Ministry of 
Education, which has approved the teaching of CPR/AED skills in 
primary and secondary schools as part of the physical education 
curriculum. Teaching schoolchildren will help change cultural 
and public attitudes towards helping in a medical emergency.(10,30)

Data registry for OHCA
The PAROS registry was started using research funding. However, 
more permanent and sustainable support is required for data 
collection. A multi-ministry group has sought and obtained 
approval to set up a data pipeline for OHCA that will be hosted 
by the MOH. Singapore has the luxury of a centralised EMS 
system, which provides us with national data on all OHCA cases 
that occur. This is a vital source of actionable data. Irrespective of 
whether an EMS system has a centralised system or a dispersed 
one, efforts should be made to gather data at the highest 
geographical level possible for a nation or locale.

CONCLUSION
A community-to-hospital systems approach is required to improve 
the response to OHCA because of the time-sensitive nature of the 
condition and its lethality. Treatment must be provided within the 
first five minutes of the onset of OHCA to improve the chance of 
survival in an otherwise healthy person. Although several factors 
work against the odds of survival, the interventions implemented 
in Singapore are designed to swing the odds in a favourable 
direction. Empowering and enabling the community, engaging 
the EMS system and bringing champions into the struggle are key 
elements in this approach. Enveloping all this effort with rigorous 
data collection lets the data show the way forward. Singapore’s 
journey has been years in the making and, at times, progressed one 
step at a time, with many partners working collectively towards 
improvement. We are reaping its benefits now, and we need to 
continue our efforts in pursuit of even better quality and outcomes.
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