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BACKGROUND: Outcomes of patients from out-of-hospital cardiac arrest (OHCA) vary widely globally because of differences 
in prehospital systems of emergency care. National efforts had gone into improving OHCA outcomes in Singapore in recent 
years including community and prehospital initiatives. We aimed to document the impact of implementation of a national 
5-year Plan for prehospital emergency care in Singapore on OHCA outcomes from 2011 to 2016.

METHODS AND RESULTS: Prospective, population-based data of OHCA brought to Emergency Departments were obtained from 
the Pan-Asian Resuscitation Outcomes Study cohort. The primary outcome was Utstein (bystander witnessed, shockable 
rhythm) survival-to-discharge or 30-day postarrest. Mid-year population estimates were used to calculate age-standardized 
incidence. Multivariable logistic regression was performed to identify prehospital characteristics associated with survival-to-
discharge across time. A total of 11 465 cases qualified for analysis. Age-standardized incidence increased from 26.1 per 
100 000 in 2011 to 39.2 per 100 000 in 2016. From 2011 to 2016, Utstein survival rates nearly doubled from 11.6% to 23.1% 
(P=0.006). Overall survival rates improved from 3.6% to 6.5% (P<0.001). Bystander cardiopulmonary resuscitation rates more 
than doubled from 21.9% to 56.3% and bystander automated external defibrillation rates also increased from 1.8% to 4.6%. 
Age ≤65 years, nonresidential location, witnessed arrest, shockable rhythm, bystander automated external defibrillation, and 
year 2016 were independently associated with improved survival.

CONCLUSIONS: Implementation of a national prehospital strategy doubled OHCA survival in Singapore from 2011 to 2016, along 
with corresponding increases in bystander cardiopulmonary resuscitation and bystander automated external defibrillation. 
This can be an implementation model for other systems trying to improve OHCA outcomes.
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Out-of-hospital cardiac arrest (OHCA) is a global dis-
ease, being a leading cause of death in Singapore, 
paralleling worldwide trends.1 Outcomes from 

OHCA vary widely between communities, relating to 
differences in patient demographics and emergency 
care systems.2,3 Survival rates in the Asia-Pacific re-
gion showed great variation, ranging from no reported 
survivors to 31.2% (Japan),3 and this was associated 
with systemic differences in emergency care deliv-
ery.3–5 In Singapore, the Utstein (bystander witnessed, 
shockable rhythm) survival-to-hospital discharge rate 
in Singapore was 11.0% between 2010 and 2012.6 
While this was a marked improvement from the 2.5% 
found between 2001 and 2004,7 when benchmarked 
against sites such as Seattle, Washington, there was 
significant room for improvement.

Effective treatment of OHCA hinges on the “Chain 
of Survival” concept, which describes the rapid com-
mencement and seamless provision of rescuer ac-
tions.8 More recently, there is increased recognition 
of the important role of fundamental elements not 
confined to the traditional sphere of influence of the 
Emergency Medical Services (EMS) in enabling opti-
mal OHCA care. These were encapsulated under the 
Modified Frame of Survival framework by the Global 
Resuscitation Alliance, and included cultural views, po-
litical commitment, and legislative environment.9,10

Despite advancement in resuscitation science, 
OHCA outcomes have not consistently improved.1,11 A 
2010 systematic review of 79 studies concluded that 
from 1980 to 2008, aggregate survival remained un-
changed at 6.7% to 8.4%.12 Since this systematic re-
view, steady improvements in survival over time have 
been subsequently reported in Denmark,13 Sweden,14 
the Netherlands,15 Canada,16 and the United States.17 It 
has been recognized, such as through the work of the 
Global Resuscitation Alliance, that OHCA care (OHCA 
being a prototypical time-critical emergency condition) 
benefits from medical science only if there is educa-
tional efficiency and local implementation. This re-
quires strategic policy, multi-agency coordination, and 
systematic implementation measures.

Extensive national efforts have gone into improving 
OHCA outcomes in Singapore6,18 through community 
and prehospital interventions. A period of excep-
tionally intense reorganization, policy restructuring, 
and organized implementation to improve the pre-
hospital emergency care system occurred between 
2009 and 2014, codified as the National Pre-hospital 
Emergency Care System 5-year Plan (henceforth,  
“5-year Plan” or “Plan”).

This study investigated the epidemiology, treat-
ment, and outcomes trends for OHCA in Singapore 
over a 6-year period (2011–2016). It was hypothesized 
that Utstein survival from OHCA has improved over the 
period, and that the improvement is related to patient, 
bystander, and system factors. These findings would 
allow Singapore to “take stock” of the returns from a 
5-year Plan consisting of both policy and implementa-
tion measures, as well as to benchmark the Singapore 
emergency care system. In addition, an examination 
of the effectiveness of these strategies would provide 
useful lessons for other communities in comparable 
circumstances.

METHODS
Data and Research Materials 
Transparency
The data that support the findings of this study may 
be available from the corresponding author upon 

CLINICAL PERSPECTIVE

What Is New?
• Outcomes of patients from out-of-hospital car-

diac arrest vary widely globally because of differ-
ences in prehospital systems of emergency care.

• Data from the Pan-Asian Resuscitation Outcomes 
Study, a prospective, population-based study 
of out-of-hospital cardiac arrest presenting to 
Emergency Departments, showed that between 
2011 and 2016, national Utstein (bystander wit-
nessed, shockable rhythm) survival-to-discharge 
or 30-days postarrest nearly doubled from 11.6% 
to 23.1% in Singapore (P=0.006).

What Are the Clinical Implications?
• This was associated with the implementation of 

a 5-year national plan of prehospital emergency 
care consisting of both policy and implementation 
measures in community and prehospital areas.

• Increases in both bystander cardiopulmonary 
resuscitation and bystander automated exter-
nal defibrillation were independently associated 
with the rapidly improved survival.

• This can be an implementation model for other 
systems trying to improve out-of-hospital car-
diac arrest outcomes.

Nonstandard Abbreviations and Acronyms

CARES Cardiac Arrest Registry to Enhance 
Survival

OHCA out-of-hospital cardiac arrest
OPALS Ontario Prehospital Advanced Life 

Support
PAROS Pan-Asian Resuscitation Outcomes 

Study
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reasonable request, subject to approval by the local 
institution.

Setting
Singapore is an urbanized island city-state situated 
in Southeast Asia with a population of 5.5  million 
over a land area of 719.1 km2.19 A population-based 
survey in 2010 showed that 31.4% of responders 
had ever been trained in cardiopulmonary resusci-
tation (CPR), 10.7% had ever been trained in auto-
mated external defibrillation (AED), while 9.6% and 
3.7% possessed valid certificates for these skills, 
respectively.20

EMS are provided by the Singapore Civil Defence 
Force, which operates a fire-based system activated 
by a centralized “995” dispatch system. This is pro-
vided free of charge. Singapore Civil Defence Force 
handled 131  806 ambulance calls in 2011 and this 
had increased to 178 154 in 2016.21 Singapore Civil 
Defence Force utilized computer-aided dispatch pro-
tocols, global positioning satellite vehicle location 
systems, and road traffic monitoring systems. During 
the study period, there was a single tier of paramed-
ics (equivalent to North American emergency med-
ical technician-intermediate) who were trained in 
basic life support, AED, and specific interventions in-
cluding intravenous adrenaline administration. Sixty-
nine percent of OHCA in Singapore occur at home in 
high-rise apartments22 with substantial vertical travel 
time.23

Community and Prehospital 
Interventions and the National  
Pre-Hospital Emergency Care System 
5-Year Plan (2009–2014)
The Plan was ratified as a response to a lack of 
multiagency coordination, planning, and oversight of 
prehospital emergency care. It was proposed that a 
national blueprint focusing on the strategic impera-
tives of leadership, community responsiveness, am-
bulance responsiveness, emergency department 
responsiveness, skills development, and technology 
be implemented in phases, over the next 5  years. 
The major interventions during this period were the 
following: mechanical CPR devices on ambulances 
(May 2011), Fire Bikers Scheme (April 2012, fire/res-
cue specialists on motorcycle dispatched ahead of 
ambulance arrival), dispatcher-assisted CPR (July 
2012), Dispatcher-Assisted First Responder commu-
nity training (April 2014), intraosseous devices on am-
bulances (April 2014), large-scale deployment of AED 
in residential areas (April 2015), and crowdsourced 
community rescuer app (April 2015). Details of these 
interventions are given in the Appendix.

Study Population—the Pan-Asian 
Resuscitation Outcomes Study
PAROS (Pan-Asian Resuscitation Outcomes Study) is 
an ongoing clinical research network for OHCA.3 It is 
a prospective, multicenter registry designed to provide 
baseline information on OHCA epidemiology, describe 
variations among EMS systems, and compare sys-
temic and structural interventions in the Asia-Pacific 
area.3–5 The network was established in 2010 with 
aims to improve outcomes by informing on cost-effec-
tive strategies.3 For the current study, only data from 
Singapore were used.

PAROS methodology had been previously de-
tailed.3 Data definitions follow the Utstein recommen-
dations,24 and collaboration with the CARES (Cardiac 
Arrest Registry to Enhance Survival) in the United 
States enabled a unified taxonomy and data dictio-
nary to allow valid global comparisons.25 Data were 
extracted from emergency dispatch records, ambu-
lance case notes, and emergency department and 
in-hospital records. Quality assurance data checks 
were built into the data entry system, and data ver-
ification checks were implemented to ensure data 
integrity.3

The registry included OHCA from 2011 to 2016 
of all causes including traumatic arrests brought in 
by EMS or presenting to EDs via private or public 
transport, as confirmed by the absence of pulse, un-
responsiveness, and apnea. Both adult and pediatric 
cases were included. All cases were prospectively 
collected in compliance with Utstein Style. Patients 
for whom resuscitation was not attempted and were 
immediately pronounced dead (because of decap-
itation, rigor mortis, dependent lividity, and “do not 
attempt resuscitation” orders) were excluded from 
the study.

Mid-year population estimates from the Singapore 
Department of Statistics were used to calculate 
crude and age-standardized incidence and sur-
vival rates. Population estimates pertain to resident 
population (Singapore citizens and permanent res-
idents). Incidence rates were calculated by dividing 
the number of OHCA cases by the mid-year popula-
tion. Age-standardized incidence rates were derived 
by applying the category-specific incidence rates of 
each population to the Segi World Standard popu-
lation.26 Age-standardized survival rates were cal-
culated by the direct method using the Singapore 
population as the standard population in the corre-
sponding year.19

Outcomes were summarized in a 3-tier cascade 
manner: (1) Utstein (bystander-witnessed arrest, ven-
tricular fibrillation), (2) cases where resuscitation was 
attempted, and (3) cases where resuscitation was at-
tempted and who experienced nontraumatic cardiac 



J Am Heart Assoc. 2020;9:e015368. DOI: 10.1161/JAHA.119.015368 4

Ho et al PEC 5-Year Plan and Impact on OHCA Outcomes

arrest (not caused by blunt or penetrating trauma, 
and includes presumed cardiac cause, respiratory 
cause, drowning, and other causes). The following 
outcomes were reported: (1) EMS return of sponta-
neous circulation, (2) emergency department return 
of spontaneous circulation, (3) survival to admission, 
(4) survival rate to discharge, (5) postarrest cerebral 
performance category score 1 or 2, and (6) postar-
rest overall performance category score 1 or 2.

Study Variables, Definitions, and 
Outcomes
The primary exposure was calendar year as a con-
tinuous variable. The primary outcome was Utstein 
survival-to-hospital discharge or 30-day postarrest. 
Utstein survival rates were calculated by dividing the 
number of those achieving the primary outcome by 
the total number of cases that are nontraumatic in 
origin, bystander witnessed, and had shockable initial 
rhythms (ventricular fibrillation or pulseless ventricular 
tachycardia).24 Utstein survival was chosen to be the 
primary outcome because in these cases there were 
opportunities to intervene, and therefore reflects the 
efficiency and efficacy of the emergency care system. 
Furthermore, it is an agreed-upon convention of meas-
uring OHCA outcomes.24 This enables comparison 
with data from other communities.

Secondary outcomes included return of sponta-
neous circulation, survival to hospital admission, and 
neurological status on discharge. Neurological status 
was assessed using Glasgow–Pittsburgh Outcome 
Scores (cerebral performance category and overall 
performance category). Neurologic status was evalu-
ated by abstraction from clinical records, telephone, 
and face-to-face interviews by the attending physician 
either upon discharge or at 30 days postarrest.

Response time refers to the interval between time 
call was received by the dispatch center and time of 
arrival at scene (location street address) of either the 
ambulance, or a rapid responder dispatched via the 
same dispatch center.

Ethics Approval
The Centralised Institutional Review Board (2013/604/C) 
and Domain Specific Review Board (2013/00929) 
granted approval for this study with a waiver of patient 
informed consent.

Statistical Analysis
Data analysis was performed using Stata version 
14 (StataCorp LLC, TX). Patient demographics and 
OHCA characteristics for all cases were summarized 
as frequency and percentage for categorical data 
and median and interquartile range for continuous 

data. Pearson χ2 test was used for categorical vari-
ables and nonparametric t test was used for con-
tinuous variables. Univariate logistic regression was 
performed to identify potential predictors of survival 
retrieved from existing literature. These potential 
predictors and calendar year were adjusted for in a 
multivariable logistic regression model. α was set at 
P<0.05.

RESULTS
Study Population
Table 1 shows the summary of patient demographics 
and characteristics. A total of 11 465 cases were in-
cluded for analysis between 2011 and 2016. Median 
age was 67  years (interquartile range, 55–79) and 
64.8% were males. Seventy-one percent of the cases 
occurred in residential locations.

Prehospital and Hospital Characteristics
Considering prehospital and hospital resuscita-
tion characteristics (Table  2), bystander CPR rates 
increased from 21.9% in 2011 to 56.3% in 2016. 
Bystander AED rates increased from 1.8% to 4.6%. 
Prehospital advanced airway and prehospital adren-
aline administration increased from 82.6% to 85.3% 
and 46.2% to 60.1%, respectively. The average EMS 
response time improved slightly from 8:22 minutes in 
2011 to 8:13 minutes in 2016. Age-adjusted incidence 
rates for all EMS-treated OHCA increased from 25.6 in 
2011 to 38.2 per 100 000 population in 2016. Similarly, 
age adjusted for OHCA cases with initial shockable 
rhythm also increased from 4.8 in 2011 to 7.0 per 
100 000 population in 2016. Postarrest resuscitation 
care in the hospital such as initiation of therapeutic 
hypothermia increased from 1.2% in 2011 to 5.3% in 
2016.

Clinical Outcomes
EMS and hospital outcomes are presented in 
Table  3. Prehospital return of spontaneous circula-
tion improved from 4.6% in 2011 to 12.5% in 2016 
(P<0.001). Overall survival rates improved over the 
years from 3.5% in 2011 to 6.5% in 2016 (P<0.001). 
Of those who survived to discharge, 67.7% had 
good neurological function upon discharge in 2016 
compared with 52.1% in 2011 (P=0.007). Survival 
outcomes stratified by sex and initial arrest rhythm 
did not show statistical significance during the study 
period (P=0.636 and P=0.621, respectively). Utstein 
survival rates nearly doubled from 11.6% in 2011 to 
23.1% (P=0.006). However, good neurological func-
tion upon discharge for this group was not statisti-
cally significant (P=0.591).
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Factors Associated With Overall Survival
On logistic regression (Table 4), the factors significantly 
associated with survival-to-discharge or 30-day postar-
rest were age ≤65 years old (adjusted odds ratio [aOR] 
0.64 for >65 years old, 95% CI, [95% CI, 0.52–0.80]), 
nonresidential location (aOR 0.61 for residential location, 
95% CI, 0.49–0.75), EMS witnessed (aOR 7.23; 95% CI, 
4.98–10.49), bystander witnessed (aOR 2.14; 95% CI, 
1.61–2.85), shockable rhythm (aOR 10.18; 95% CI, 8.17–
12.69), bystander AED (aOR 1.99; 95% CI, 1.40–2.85), 
and year 2016 (aOR 1.63; 95% CI, 1.13–2.36).

Age-Standardized Incidence and Survival 
Rates
Figure 1 shows the yearly crude and age-standardized 
incidence rate. In 2016, the age-standardized inci-
dence rate for OHCA was 39.2 per 100 000 popula-
tions. Stratified by age, while incidence rate among 
people aged <65 years remained relatively low (2.0 per 
10 000 population in 2011; 3.0 in 2016), there was a 
greater increase among people aged >65 years (19.6 
cases per 10  000 population in 2011; 29.9 in 2016). 

Males overall had a much higher age-standardized in-
cidence rate in 2016 (54.9 per 100 000) compared with 
females (23.6 per 100 000).

Figure  2 shows the trend of age-standardized 
survival rates between age groups. Among younger 
OHCA (age ≤65 years) the survival rate increased from 
4.7% to 10.9%. Survival rates among older OHCA (age 
>65 years) remained consistently low: 2.3% in 2011 to 
3.4% in 2016. Over the same period, age-standardized 
survival rates significantly increased from 2.9% in 2011 
to 12.0% in 2016.

DISCUSSION
This prospective, observational, national registry 
study of OHCA in Singapore showed a doubling in 
national Utstein survival from 2011 to 2016. This was 
associated with increased rates of bystander CPR 
and bystander AED, and temporally associated with 
a series of community and prehospital interventions 
to improve OHCA survival under a national strategic 
5-year Plan.

Table 1. Patient Characteristics

All (n=11 465) 2011 (n=1377) 2012 (n=1440) 2013 (n=1736) 2014 (n=2037) 2015 (n=2372) 2016 (n=2503)

Age, y, median (IQR) 67 (55–79) 65 (53–77) 66 (54–78) 67 (55–79) 68 (55–80) 67 (56–79) 67 (55–79)

Sex (%)

Male 7431 (64.8) 935 (67.9) 912 (63.3) 1131 (65.2) 1316 (64.6) 1546 (65.2) 1591 (63.6)

Female 4034 (35.2) 442 (32.1) 528 (36.7) 605 (34.9) 721 (35.4) 826 (34.8) 912 (36.4)

Race (%)

Chinese 7750 (67.6) 893 (64.9) 984 (68.3) 1225 (70.6) 1349 (66.2) 1587 (66.9) 1712 (68.4)

Indian 1259 (11.0) 185 (13.4) 146 (10.1) 161 (9.3) 209 (10.3) 277 (11.7) 281 (11.2)

Malay 1796 (15.7) 201 (14.6) 222 (15.4) 265 (15.3) 362 (17.8) 363 (15.3) 383 (15.3)

Other 660 (5.8) 90 (7.1) 88 (6.1) 85 (4.9) 117 (5.7) 145 (6.1) 127 (5.1)

Location type (%)

Residential 8196 (71.5) 985 (71.5) 990 (68.8) 1246 (71.8) 1480 (72.7) 1658 (69.9) 1837 (73.4)

Nonresidential 3269 (28.5) 392 (28.5) 450 (31.2) 490 (28.2) 557 (27.3) 714 (30.1) 666 (26.6)

Medical history (%)

Unknown 803 (7.0) 144 (10.5) 111 (7.7) 139 (8.0) 110 (5.4) 145 (6.1) 154 (6.2)

Heart disease 4163 (36.3) 511 (37.1) 512 (35.6) 624 (35.9) 761 (37.4) 816 (34.4) 939 (37.5)

Diabetes mellitus 3693 (32.2) 382 (27.7) 443 (30.8) 592 (34.1) 679 (33.3) 785 (33.1) 812 (32.4)

Hypertension 6188 (53.9) 653 (47.4) 739 (51.3) 961 (55.4) 1118 (54.9) 1314 (55.4) 1403 (56.0)

Cause of arrest (%)

Nontrauma 11 073 (96.6) 1330 (96.6) 1403 (97.4) 1681 (96.8) 1979 (97.2) 2275 (95.9) 2405 (96.1)

Presumed cardiac 7848 (68.5) 1064 (77.3) 1003 (69.7) 1166 (67.2) 1386 (68.0) 1552 (65.4) 1677 (67.0)

Respiratory 594 (5.2) 82 (6.0) 129 (9.0) 93 (5.4) 86 (4.2) 104 (4.4) 100 (4.0)

Drowning 82 (0.7) 11 (0.8) 10 (0.7) 10 (0.6) 16 (0.8) 14 (0.6) 21 (0.8)

Electrocution 13 (0.1) 2 (0.1) 2 (0.1) 3 (0.2) 2 (0.1) 1 (0.0) 3 (0.1)

Other 2536 (22.1) 171 (12.4) 259 (18.0) 409 (23.6) 489 (24.0) 604 (25.5) 604 (24.1)

Trauma 391 (3.4) 47 (3.4) 37 (2.6) 55 (3.2) 58 (2.8) 97 (4.1) 97 (3.9)

Missing 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.0)

IQR indicates interquartile range.
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The pace of improvement in outcomes observed in 
our cohort is significant, and outpaced the majority of 
published reports. For example, the Swedish Cardiac 
Arrest Register showed an increase in 30-day sur-
vival from 4.8% to 10.7% (and for shockable rhythms, 
12.7%–31.6%), and achieved this over a 10-year pe-
riod from 1992 to 2011.14 A similar study of 9 cities in 
Oregon showed an increase in 30-day survival from 
6.7% to 18.2% (and for Utstein survival, from 14.3% 
to 31.3%), and achieved this over 15 years from 1998 
to 2013.27 Other communities have also reported 
rapid improvement in Utstein survival such as Toronto, 
Canada (16%–31% from 2006 to 2013),16 Chicago, 
Illinois (16.3%–35.4% from 2013 to 2016),28 and Detroit, 
Michigan (12.5%–18.2% from 2014 to 2016).28 The 
focus on community training and EMS (particularly dis-
patcher) interventions appear to have been a common 
factor.

Increased rates of bystander CPR and public access 
defibrillation improve survival.27,29 The role of the com-
munity and emergency medical dispatch in coordination 
of bystander CPR and early defibrillation is increasingly 
recognized.27 In a landmark study, the OPALS (Ontario 
Prehospital Advanced Life Support) study investigators 

found bystander CPR to be the most important modi-
fiable factor for survival.30 In our study, bystander CPR 
rates more than doubled after implementation of dis-
patcher assistance-CPR. Dispatcher assistance-CPR 
recruits the dispatch center in the crucial tasks of early 
identification of OHCA, and giving just-in-time education 
and persuasion to callers to facilitate bystander CPR. 
Studies suggest advantages over large-scale community 
training, which often have not achieved large increases 
in CPR rates because of high costs to the system, dif-
ficulty in identifying OHCA, fear of causing harm, and 
reluctance to perform mouth-to-mouth ventilation.29,31,32 
In our cohort, response times improved slightly with sur-
vival. Indeed, reduction of ambulance response time is 
challenging for most EMS systems and might not be a 
cost-effective target. Our results suggest that a focus on 
proven and cost-effective strategies to strengthen the 
chain of survival, particularly in the community, ambu-
lances, and dispatch, is essential for developing EMS 
systems.

Singapore has a fairly recently developed EMS sys-
tem.33,34 Having a single national EMS provider in a 
compact, highly urbanized setting is ostensibly advan-
tageous in terms of policy implementation, monitoring, 

Table 2. Prehospital and Hospital Characteristics

Variables, n (%) All (n=11 465) 2011 (n=1377) 2012 (n=1440) 2013 (n=1736) 2014 (n=2037) 2015 (n=2372) 2016 (n=2503)

Bystander CPR 5244 (45.7) 302 (21.9) 472 (32.8) 744 (42.9) 1031 (50.6) 1284 (54.1) 1411 (56.3)

Bystander AED applied 378 (3.3) 24 (1.8) 27 (1.9) 43 (2.5) 73 (3.6) 96 (4.1) 115 (4.6)

Bystander defibrillation 157 (1.4) 11 (0.8) 16 (1.1) 22 (1.3) 25 (1.2) 37 (1.6) 46 (1.8)

Arrest witnessed by

EMS/private ambulance 994 (8.7) 112 (8.1) 121 (8.4) 138 (7.9) 155 (7.61) 216 (9.1) 252 (10.1)

Bystander 5991 (52.3) 775 (56.3) 716 (49.7) 881 (50.8) 1082 (53.1) 1271 (53.6) 1266 (50.6)

Not witnessed 4480 (39.1) 490 (35.6) 603 (41.9) 717 (41.3) 800 (39.3) 885 (37.3) 985 (39.4)

Initial arrest rhythm

Nonshockable rhythm 9276 (80.9) 1114 (80.9) 1144 (79.4) 1405 (80.9) 1651 (81.1) 1941 (81.8) 2021 (80.7)

Shockable rhythm 1995 (17.4) 251 (18.2) 280 (19.4) 304 (17.5) 347 (17.0) 378 (15.9) 435 (17.4)

Missing 194 (1.7) 12 (0.9) 16 (1.1) 27 (1.6) 39 (1.9) 53 (2.2) 47 (1.9)

Prehospital advanced airway 9764 (85.3) 1132 (82.6) 1201 (83.7) 1515 (87.3) 1751 (85.9) 2031 (85.6) 2134 (85.3)

Prehospital drug administration 6108 (53.3) 634 (46.2) 696 (48.5) 871 (50.2) 1056 (51.8) 1347 (56.8) 1504 (60.1)

Response time in min, median 
(IQR)

08:22 
(06:29–10:44)

07:42 
(05:51–10:15)

08:09 
(06:15–10:36)

08:05 
(06:08–10:50)

09:05 
(07:08–11:28)

08:32 
(06:47–10:44)

08:13 
(06:26–10:23)

Response time

≤8 min 5105 (45.2) 729 (52.9) 705 (49.0) 849 (48.9) 712 (35.0) 1019 (43.0) 1091 (46.8)

>8 min 6186 (54.8) 648 (47.1) 735 (51.0) 887 (51.1) 1325 (65.0) 1353 (57.0) 1238 (53.2)

Age-adjusted incidence rates (per 100 000 pop.)

All EMS treated (resuscitation 
attempted)

25.6 (n=1363) 26.0 (n=1421 29.4 (n=1714) 32.8 (n=2002) 36.9 (n=2321) 38.2 (n=2470)

Initial shockable rhythm 4.8 (n=251) 5.1 (n=280) 5.3 (n=304) 5.8 (n=347) 6.2 (n=378) 7.0 (n=435)

Hospital interventions

ECMO therapy 31 (0.3) 1 (0.1) 0 (0) 1 (0.1) 11 (0.5) 9 (0.4) 9 (0.4)

Hypothermia therapy 485 (4.2) 17 (1.2) 23 (1.6) 61 (3.5) 117 (5.7) 135 (5.7) 132 (5.3)

AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; EMS, emergency 
medical services; and IQR, interquartile range.



J Am Heart Assoc. 2020;9:e015368. DOI: 10.1161/JAHA.119.015368 7

Ho et al PEC 5-Year Plan and Impact on OHCA Outcomes

Ta
b

le
 3

. 
C

lin
ic

a
l O

u
tc

o
m

es
 (

A
ll 

a
n

d
 b

y 
Y

ea
r)

C
h

ar
ac

te
ri

st
ic

, n
 (%

)
A

ll 
(n

=1
1 

46
5)

20
11

 (n
=1

37
7

)
20

12
 (n

=1
44

0)
20

13
 (n

=1
73

6)
20

14
 (n

=
20

37
)

20
15

 (n
=

23
72

)
20

16
 (n

=
25

03
)

P
 V

al
u

e

O
ut

co
m

es
 (o

ve
ra

ll)

R
O

S
C

 a
t s

ce
ne

39
1 

(8
.1

)
63

 (4
.6

)
86

 (6
.0

)
11

3 
(6

.5
)

14
8 

(7
.3

)
20

8 
(8

.8
)

31
2 

(1
2.

5)
<

0.
00

1

R
O

S
C

 a
t E

D
32

10
 (2

8.
0)

37
4 

(2
7.

2)
40

0 
(2

7.
8)

50
9 

(2
9.

3)
59

3 
(2

9.
1)

68
4 

(2
8.

8)
65

0 
(2

6.
0)

<
0.

00
1

S
ur

vi
va

l t
o 

ad
m

is
si

on
21

11
 (1

8.
4)

25
1 

(1
8.

2)
24

9 
(1

7.
3)

30
3 

(1
7.

5)
35

8 
(1

7.
6)

45
3 

(1
9.

1)
49

7 
(1

9.
9)

0.
17

5

S
ur

vi
va

l t
o 

d
is

ch
ar

ge
54

5 
(4

.8
)

48
 (3

.5
)

53
 (3

.7
)

73
 (4

.2
)

83
 (4

.1
)

12
5 

(5
.3

)
16

3 
(6

.5
)

<
0.

00
1

G
oo

d-
to

-m
od

er
at

e 
ne

ur
ol

og
ic

al
 fu

nc
tio

n 
(o

f 
th

os
e 

d
is

ch
ar

ge
d 

al
iv

e)

34
3 

(6
3.

4)
25

 (5
2.

1)
33

 (6
3.

5)
36

 (4
9.

3)
63

 (7
5.

9)
77

 (6
2.

1)
10

9 
(6

7.
7)

0.
00

7

O
ut

co
m

es
 (U

ts
te

in
)

n=
13

15
n=

17
3

n=
17

2
n=

21
0

n=
22

9
n=

24
1

n=
29

0

U
ts

te
in

 s
ur

vi
va

l
22

8 
(1

7.
3)

20
 (1

1.
6)

23
 (1

3.
4)

32
 (1

5.
2)

35
 (1

5.
3)

51
 (2

1.
2)

67
 (2

3.
1)

0.
00

6

G
oo

d-
to

-m
od

er
at

e 
ne

ur
ol

og
ic

al
 fu

nc
tio

n 
(o

f 
th

os
e 

d
is

ch
ar

ge
d 

al
iv

e)

15
2 

(6
6.

7)
12

 (6
0.

0)
14

 (6
0.

9)
18

 (5
6.

3)
24

 (6
8.

6)
35

 (6
8.

6)
49

 (7
3.

1)
0.

59
1

S
ur

vi
va

l t
o 

d
is

ch
ar

ge
—

se
x

n=
54

5
n=

48
n=

53
n=

73
n=

83
n=

12
5

n=
16

3
0.

63
6

M
al

e
42

2 
(7

7.
4)

36
 (7

5.
0)

38
 (7

1.
7)

53
 (7

2.
6)

64
 (7

7.
1)

10
0 

(8
0.

0)
13

1 
(8

0.
4)

Fe
m

al
e

12
3 

(2
2.

6)
12

 (2
5.

0)
15

 (2
8.

3)
20

 (2
7.

4)
19

 (2
2.

9)
25

 (2
0.

0)
32

 (1
9.

6)

S
ur

vi
va

l t
o 

d
is

ch
ar

ge
—

in
iti

al
 a

rr
es

t r
hy

th
m

0.
62

1

N
on

sh
oc

ka
b

le
 r

hy
th

m
17

4 
(3

1.
9)

12
 (2

5.
0)

15
 (2

8.
3)

25
 (3

4.
2)

21
 (2

5.
3)

48
 (3

8.
4)

53
 (3

2.
5)

S
ho

ck
ab

le
 r

hy
th

m
35

7 
(6

5.
5)

35
 (7

2.
9)

37
 (6

9.
8)

47
 (6

4.
4)

58
 (6

9.
9)

75
 (6

0.
0)

10
5 

(6
4.

4)

M
is

si
ng

14
 (2

.6
)

1 
(2

.1
)

1 
(1

.9
)

1 
(1

.4
)

4 
(4

.8
)

2 
(1

.6
)

5 
(3

.1
)

E
D

 in
d

ic
at

es
 e

m
er

ge
nc

y 
d

ep
ar

tm
en

t; 
an

d 
R

O
S

C
, r

et
ur

n 
of

 s
p

on
ta

ne
ou

s 
ci

rc
ul

at
io

n.



J Am Heart Assoc. 2020;9:e015368. DOI: 10.1161/JAHA.119.015368 8

Ho et al PEC 5-Year Plan and Impact on OHCA Outcomes

and enforcement. At the same time, there are unique 
challenges such as those resulting from high-rise build-
ings where there is the need to navigate tight corridors 
and administer CPR in elevators.35,36 Certainly, every 
EMS system has unique circumstances and challenges 
that need to be considered in planning interventions.

The large increase (73%) in OHCA incidence over 
5  years observed in this study is likely multifactorial: 
the population is still growing (5.18 million in 2011 to 
5.6 in 2017), there is an aging population, an increased 
awareness of the population resulting in more EMS 
calls and resuscitation attempted, and better report-
ing. The proportion of ethnic groups appears compa-
rable with the total population in Singapore.

This study has several limitations. First, we did not 
have data on some possible postresuscitation care 
practice changes such as coronary angiography, per-
cutaneous coronary intervention, or intensive care unit 
bundles that have been suggested to affect survival.37 
These may be potential confounders in the logistic 
regression for survival. The presence of unmeasured 
confounders is suggested by how “year of resusci-
tation” remained independently associated with out-
come despite correction for major prognostic factors.

Secondly, there were missing prehospital timings 
in cases conveyed by private transportation or private 
ambulances. However, these comprised only ≈2% of 
cases.

Table 4. Logistic Regression for Overall Survival to Discharge

Characteristic (N=11 465)
Crude OR  
(95% CI) Global P Value P Value

Adjusted OR  
(95% CI)

Global  
P Value P Value

Age

≤65 y Ref Ref

>65 y 0.39 (0.33– 0.47) <0.001 0.64 (0.52– 0.80) <0.001

Sex

Male Ref Ref

Female 0.52 (0.43– 0.64) <0.001 1.06 (0.83– 1.35) 0.661

Location type

Nonresidential Ref Ref

Residential 0.28 (0.24, 0.34) <0.001 0.61 (0.49– 0.75) <0.001

Arrest witnessed <0.001 <0.001

Not witnessed Ref Ref

EMS/private ambulance 6.05 (4.50– 8.14) <0.001 7.23 (4.98–10.49) <0.001

Bystander 3.33 (2.61– 4.23) <0.001 2.14 (1.61– 2.85) <0.001

Initial arrest rhythm

Nonshockable rhythm Ref Ref

Shockable rhythm 13.82 (11.31– 16.89) <0.001 10.18 (8.17– 12.69) <0.001

Bystander CPR

No Ref Ref

Yes 1.53 (1.28– 1.81) <0.001 1.27 (0.99– 1.62) 0.058

Bystander AED

No Ref Ref

Yes 4.49 (3.37– 5.97) <0.001 1.99 (1.40– 2.85) <0.001

Response time ≤8 min

No Ref Ref

Yes 1.10 (0.92– 1.31) 0.281 1.05 (0.86–1.28) 0.623

Year <0.01 0.01

2011 Ref Ref

2012 1.06 (0.71– 1.57) 0.781 1.01 (0.66– 1.55) 0.956

2013 1.22 (0.84– 1.76) 0.303 1.21 (0.81– 1.80) 0.354

2014 1.18 (0.82– 1.69) 0.380 1.03 (0.69– 1.54) 0.888

2015 1.54 (1.10– 2.16) 0.013 1.39 (0.95– 2.01) 0.094

2016 1.93 (1.39– 2.68) <0.001 1.63 (1.13–2.36) 0.009

Global P value=Wald test. Missing variables: initial arrest rhythm—194 (1.69); bystander AED—96 (0.84); response time—174 (1.52). AED indicates automated 
external defibrillator; CPR, cardiopulmonary resuscitation; EMS, emergency medical services; and OR, odds ratio.
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Thirdly, we used survival-to-discharge instead of 
functional outcomes as the end point. This is because 
cerebral performance score at discharge and whether 
the survivors were discharged to care facilities were 
not consistently available. Also, because of the small 
population size and low proportion of neurologically 
intact survivors, there was insufficient power to mean-
ingfully test these outcomes in the Utstein cohort.

Lastly, given the observational design, while there was 
strong temporal association and plausibility, findings are 

ecological and do not prove causality between interven-
tional programs and survival benefit. Multiple initiatives 
that overlapped in timeline made it difficult to make clear 
inferences on the effect on survival.

CONCLUSIONS
Utstein survival for OHCA in Singapore doubled 
from 2011 to 2016, along with corresponding in-
creases in bystander CPR and bystander AED. These 

Figure 1. Yearly crude and age-standardized incidence rates.
OHCA indicates out-of-hospital cardiac arrest.

Figure 2. Age-standardized survival rates by age groups. 
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improvements occurred during a period when a series 
of national community and EMS initiatives were imple-
mented to improve OHCA outcomes under a national 
5-year Plan.

APPENDIX
Singapore PAROS Investigators
Dr Ling Tiah, Accident & Emergency, Changi General 
Hospital, Singapore; Dr Wei Ming Ng, Emergency 
Medicine Department, Ng Teng Fong General 
Hospital, Singapore; Dr Wei Ling Tay, Emergency 
Medicine Department, Ng Teng Fong General Hospital, 
Singapore; Dr Shir Lynn Lim, Department of Cardiology, 
National University Heart Centre Singapore, Singapore.

Details of Interventions
In May 2011, mechanical CPR devices were deployed in 
SCDF ambulances, initially as a pragmatic cluster-ran-
domized prehospital trial comparing LUCAS 2 (Physio-
Control, Redmond, WA) with manual CPR. Subsequently, 
LUCAS 2 was rolled out to all ambulances as standard 
procedure for all eligible OHCA cases. In April 2012, the 
Fire Bikers Scheme was implemented where in times 
of traffic congestion, fire/rescue specialists on a mo-
torcycle trained in CPR/AED were dispatched ahead of 
an ambulance. In July 2012, Singapore implemented a 
comprehensive dispatcher-assisted CPR (DA-CPR) pro-
tocol comprising of dispatcher training focused on com-
munication and persuasion, review of audio recordings 
of all OHCA calls, feedback to dispatchers, and public 
education. After a planned six-month “run-in” program, 
all dispatchers were able to provide DA-CPR.

In April 2014, a community-based Dispatcher-
Assisted first REsponder (DARE) training initiative, 
which simulates a rescuer-dispatcher sequence that is 
initiated by a call to ‘995’ was implemented. This was 
developed to be an abbreviated (45 minutes) course 
including a video and instructor-led hands-on manikin 
session with hands-only CPR, and was administered to 
groups of school-children or other laypersons. DARE 
program has since trained over 50,000 providers.

In August 2014, intraosseous (IO) access was intro-
duced to ambulances as part of a cluster-randomized 
prehospital trial. This was used in OHCA cases for ad-
ministration of adrenaline when intravenous access (IV) 
attempts had failed. Unpublished data (under review) 
showed that IO use when IV failed led to a higher rate of 
vascular access and faster adrenaline administration.

In April 2015, Save-A-Life (SAL) initiative was de-
veloped by SCDF, in collaboration with Singapore 
Heart Foundation and Ministry of Health Singapore 
to improve community first response to cardiac arrest 
cases in residential areas. SAL initiative involves instal-
lation of an AED in the lift lobby of every two public 

housing apartment block in Singapore. Installation of 
AEDs were done in phases and first phase began in 
July 2015. By end of 2016, total number of AEDs in-
stalled were 360. In the same month, a mobile phone 
application known as myResponder app was imple-
mented to allow community responders to register and 
receive alerts from SCDF’s dispatch center if a poten-
tial cardiac arrest case occurs within 400 meters of 
their vicinity.
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