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Hospital Cardiac Arrest



What makes a good research 

question?

It should be about improving 

outcomes!





Cardiac Arrest and Resuscitation 

Epidemiology (CARE) Study
Largest and most comprehensive OHCA study to date

CARE I:    Epidemiology of OHCA in Singapore -1 Oct 2001 to 

30 Apr 2002

CARE II:   Prospective clinical trial of adrenaline in OHCA -1 

Oct 2002 to 14 Oct 2004

CARE III: Geospatial analysis of ambulance demand - 1 January 

2006 to 31 May 2006

CARE IV: Smart Ambulance Deployment -Ongoing 

Pan Asian Resuscitation Outcomes Study (PAROS) >200,000 

cases recruited



The Situation in Singapore……. 

• >2000 Out-of-Hospital Cardiac Arrest (OHCA) per year

• 65% of OHCA Deaths were in Independent, 

Economically Active Patients Age <70
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OHCA incidence in Singapore,2011-2014 

Crude incidence rates Age-standardized incidence rates <65 incidence rates ≥65 incidence rates 



Prevalence of medical history among cardiac arrest by year, 2011 - 2014



CARE Study 2001

Incidence rate 

 1000 per year 

 15/100,000

Survival rate 

 2.0%

Becker LB et al, Ann Emerg Med Jan 1993; 22(1): 109-114



How can we improve survival?

Outcomes are almost certainly due to 

timeliness and quality of treatment 

Understanding the 

“Chain of Survival”



Strategies to Improve Survival

Emergency medical 
dispatch through  

995 calls

Ambulance with 
EMS personnel

A&E at the 
nearest RH

Medical oversight

 Increasing  call volumes 
(6.7%/ year on average)

 Need for medical 
prioritisation

 Need for pre-
arrival instructions

 Need for sufficent 
ambulances
(1/80,000)

 Need for efficient  
ambulance 
deployment

 Need for quality 
control and assurance

Lack of training and continuing education for EMS 
personnel including dispatcher

Patient 
collapse

 Delayed 
recognition of 
symptoms

 Poor 
bystander 
response

Skills 
Development

Improved 
Technology

Increase Public 
Education and 

Training

Strengthen  
oversight and 

leadership

Ambulance 
regulation





State of CPR Training in our Population 







Improving Access - 995

 Ambulance is on the way, 
stay on the line

 Dispatcher will give 
instructions for CPR

 Keep doing CPR till 
ambulance arrives 



Bystander CPR has doubled



Bystander CPR and 
OHCA survival:

Six regions of Singapore saturated with 
trained and equipped volunteers with 

AED access 

UPEC
Unit for Pre-hospital Emergency Care (UPEC)
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Dispatcher-Assisted First Responder 
Programme (DARE)





Pyramid of First Responder Preparedness

CPR/AED instructors 

CPR/AED Certified
Anyone who attends and passes an NRC 

Certified CPR/AED course

DARE Trained
Anyone aged 11 and above who attend DARE 

training sessions .M
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DARE Aware: Everyone becomes aware of what we teach in DARE through social 
media, traditional media, or by word of mouth.







Dial 995 and send 
your geo-location 
at the same time

Know where 
the nearest 
AED is located

Sign up as a 
volunteer 
responder

1

2

3





AED Installation by SCDF

• SCDF installing 385 AEDs near lifts

• Trainees will be informed of the nearest unit
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AED on Wheels Program



The CPRcardTM

• Personal credit card size device

• Assists with land-marking

• Provides visual rate and depth range of 
compressions

• Collects data re: quality of chest 
compressions
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Emergency Medical 

Services (EMS) System

Run by the Singapore Civil Defence Force

Currently operating 46 ambulances in 14 

stations and 10 satellite stations

Single tier system

Able to provide BCLS and defibrillation 

using Automated External Defibrillators 

(AEDs)



Fast Response Paramedic (FRP)

One-man crew, equipped with AED

Currently 9 FRPs in service

Shown to reduce response times by an

average of almost 5 minutes

Adding more Firebiker units



Improving Ambulance Response Times and Out of 

Hospital Cardiac Arrest Outcomes in Singapore with 

the Implementation of a Systems Status Plan





Timeline

call received

ambulance dispatched

ambulance arrival at scene

arrival at patient’s side

CPR started

AED applied

First shock

Leave scene

Arrival at 
ED

PAROS timeline of OHCA (April 2010 – May 2012)

cardiac arrest

cardiac arrest

call received

ambulance dispatched

ambulance arrival at scene

arrival at patient’s side

First shock

Leave scene

Arrival at 
ED

CARE timeline of OHCA (October 2001 – October 2004)



Early basic and advanced care

Oxygen

Airway adjuncts

IV fluids

Laryngeal mask airway

Asprin (Oral)

GTN

Adrenaline (intravenous)

Intraosseous Devices

Mechanical CPR
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Survival Outcomes with the 

Introduction of Intravenous 

Adrenaline in the Management of 

Out-of-Hospital Cardiac Arrest 

(CARE II Study)



Intraosseous Vascular Access for 

Cardiac Arrest: RCT





A Randomised, Double-Blind Multi-

centre Trial Comparing Vasopressin 

and Adrenaline in Patients with 

Cardiac Arrest at the Emergency 

Department. (Preadmission 

Intravenous Vasopressin, adrenaline 

Outcome Trial)

NMRC grant :PIVOT study $105,840 (Principal 

investigator)

CTERU grant for Stability of Intravenous Adrenaline 

and Vasopressin in a Tropical Ambulance 

Environment: $3,000 (Principal investigator)



“Therapeutic hypothermia” lowers the body temperature and protects neurological function 
----> survival increased from 16% (4 survivors) to 44% (11 survivors) . 

Therapeutic Hypothermia Treatment

Pilot prospective study of therapeutic hypothermia for treatment of post-cardiac arrest 
patients. Ng M, Wong AS, Chew HC, Shahidah N, Pek PP, Poh J, Chin CT, Chua TS, Ong 
ME. Int J Cardiol. 2014 May 15;173(3):612-3



2001-2004 

n=2428

2010-2012 

n=3026

Adjusted OR* 

(95% CI)
Survival - All Arrests

Discharged alive or Alive at 

30 days
38 (1.6%) 97 (3.3%) 2.2 (1.5 - 3.3)

Good neurological function 28 (1.2%) 53 (1.8%) 1.7  (1.1 - 2.8)

Survival - Utstein Style

Discharged alive or Remain 

alive at 30 days
7/280 (2.5%) 35/317 (11.0%) 9.6 (2.2 – 41.9)

Good neurological function
6/280 (2.1%) 22/317 (7.0%) 6.0 (1.3 – 27.0)

*adjusted for age, gender, and history of heart disease

Improved OHCA survival over 10 years

Choong CV, Lai H, Fook-Chong, Goh ES, Leong BSL, Gan HN, Foo DCG, Tham LP, 
Rabind C, Ong MEH. Improvements In Survival For Out-of-hospital Cardiac Arrests In 
Singapore Over 10 Years. Singapore Cardiac Society Annual Meeting 2013, Singapore. 
3rd Prize for Oral Presentation



Witnessed, shockable cardiac arrest survival



 SCDF 
Division 

Timeline 

 June 
2016 

Jan 
2017 

June 
2017 

Jan 
2018 

June 
2018 

Jan 
2019 

June 
2019 

1 A AB ABC ABCD ABCD ABCD ABCD 

2 0/  A AB ABC ABCD ABCD ABCD 

3 0/  0/  A AB ABC ABCD ABCD 

4 0/  0/  0/  A AB ABC ABCD 





Japan 

(Tokyo,

Aichi,

Osaka)

Korea 

(Seoul)

Malaysia

(Kuala Lumpur,

Kota Bahru, 

Penang)

Singapore

Thailand 

(Bangkok,

Songkla)

Taiwan

(Taipei)

UAE

(Dubai)
Overall

Total population coverage 29,582,011 10,249,679 2,760,439 5,076,700 2,576,384 2,650,968 2,003,170 55,899,351

Total number of all cases 51377 7990 389 3023 573 3023 405 66780

Total number of EMS cases 51377 7990 343 2958 299 3023 405 66395

Utstein (Witnessed, VF) (%)
Total 2199 669 5 321 11 122 46 3373

Incidence rate per 100 000 7 7 0 6 0 5 2 6

EMS ROSC 772 (35.1) 154 (23.4) 0 (0) 36 (11.2) 1 ( 9.1) 38 (31.1) 6 (13.0)
1007 

(29.8)

ED ROSC
Not 

Available
294 (56.2) 1 (25.0) 98 (30.4) 1 (9.1) 62 (50.8) 9 (19.6)

782/1809 

(43.2)

Survived to admission
374/634 

(59.0)1
290 (43.3) 0 (0) 84 (26.1) 1 (9.1) 23 (18.9) 10 (21.7) 959 (28.4)

Survived to discharged / 

Alive at 30th day post 

arrest

686 (31.2) 206 (30.8) NIL 37 (11.5) NIL 23 (18.9) 7 (15.2) 635 (18.8)

Post Arrest CPC 1/2 463 (21.1) 122 (18.2) NA 23 (7.1) NA 20 (16.4) 7 (15.2) 636 (18.9)

1 Data not available from Tokyo and Aichi



Variables
Unadjusted OR 

(95% CI)

Adjusted OR 

(95% CI)

Bystander CPR 1.9 (1.3 - 2.8) 1.1 (0.7 – 1.9)

Bystander AED 5.0 (2.1 - 11.9) 4.0 (1.3 - 11.7)

Response time 8 min or less 1.8 (1.3 – 2.6) 1.3 (0.8 - 2)

Ambulance defibrillation 5.9 (3.9 - 9.0) 1.2 (0.4 – 3.6)

Mechanical CPR by EMS 1.3 (0.7 – 2.5) 1.5 (0.7 – 3.2)

Pre-hospital Advanced Airway 1.0 (0.7 - 1.4) 0.2 (0.1 - 0.3)

Epinephrine 0.5 (0.3 – 0.8) 0.5 (0.3 - 0.9)

Hypothermia 19 (8.5 - 42.4) 27 (10.0 – 72.8)

Multivariate Analysis of Factors Important for Survival 
(PAROS)



International Multi-Center 
Controlled Trial of Dispatcher-

Assisted Cardio-Pulmonary 
Resuscitation Intervention 

Package

Pan-Asian Resuscitation Outcomes 
Study Phase 2



Pan-Asian Resuscitation Outcomes Study Phase 2

Out-of-Hospital Cardiac Arrest Presenting to the 

EMS Dispatch in the Asia Pacific 

Sites  

Phase 1 ‘historical’ data (2009-

2011)/minimum 6 months ‘run-

in’ period before implementation 

 

 

 

Sites  

Phase 1 ‘historical’ data (2009-2011)/minimum 6 

months ‘run-in’ period before implementation 

 

 

Sites Not Implementing Dispatcher-

assisted Cardiopulmonary Resuscitation 

Sites Implementing Dispatcher-assisted 

Cardiopulmonary Resuscitation 

(Intervention) 

Phase 1 ‘historical’ 

data 

Collection of Out-of-Hospital Cardiac Arrest and 

Dispatcher CPR data 

Basic Package Implemention 

 Dispatcher-CPR 

protocol 

 Training program 

 

 

 

Comprehensive Package Implemention 

 Dispatcher-CPR protocol 

 Training program 

 Quality measurement tool 

 Quality Improvement Program 

 Community Education Program 

 

 

Collection of Out-of-

Hospital Cardiac 

Arrest data only 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Collaborators from 

Malaysia, Taiwan, Korea, 

and Japan attending the 

award ceremony



Pre-hospital Emergency Care

5 Year Plan (2009 – 2014)

Reseach can impact policy!

Reseach can impact outcomes!


