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Data is the New Oil of Healthcare and Biomedicine

Data Generation

Harnessing and Using the Data

Disease and Biological 
Insights Improve Hospital 

Efficiencies and Processes

Improve Patient Outcomes 
and Experiences

New Tools for 
Healthcare
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Lower Healthcare Costs



Geographic Data?...

• “Geographic data” are spatial data that result 
from observation and measurement of earth 
phenomena referenced to their locations on 
the earth’s surface.

• Examples of reference locations: 
longitude/latitude, street address, G-pins, 
census tracts, city/county/state borders, zip 
codes, known neighborhoods, polygons…



• GIS = Geographical Information Systems

• Computer-based systems for the 

integration and analysis of geographic 

data.

• May be several usages of the term “GIS”

– As a technology (GPS, etc.)

– As a research field

– As a “community”

What is GIS?…



In GIS, Data Layers (or themes)… 
•Can be overlapped using a  

common geographic 

reference system.

•There is almost no limit to 

the number and type of 

layers (themes) which can be 

spatially represented on 

maps with data from 

underlying databases.

•Interesting items can be 

lead the observer to open the 

underlying database—even 

editing the databases if 

necessary while still in the 

GIS program.



Examples of Data Themes/Layers
• Streets, alleys

• Lakes, rivers

• City limits, zones

• Railroads

• Parcels of land

• Building 
footprints

• Events (EMS 
runs)

• Hospitals, clinics

• Fire, EMS, PD 
stations

• Demographics

• Elevation, land use

• Crime statistics

• Census tracts. 
blocks, block groups

• Sets of data by 
graduated color and 
symbols, unique 
values, labels, etc.

• Utilities (pipes, lines, 
cable, zoning, etc.)



What Advantage Does GIS Offer?

• Visualization—the human eye…

• Somehow it is easier to discern patterns 

by looking at spatial representations 

(maps) and graphs rather than columns 

of figures in tables.

• Large amounts of data can be 

represented at one time, and in a 

variety of contexts.





Early Defibrillation









Geographic factors and OHCA survival



GEOGRAPHICAL VARIATION IN AMBULANCE CALLS IN 
SINGAPORE IS EXPLAINED BY SOCIO-ECONOMIC 

STATUS



• Operations Research, or Operational 

Research (OR), is a discipline that 

deals with the application of advanced 

analytical methods to help better 

decisions

• ‘management science’, ‘decision 

science’

What is Operations Research?



• Simulation

• Mathematical optimization

• Queueing theory

• Stochastic-process models

• Markov decision processes

• Econometric methods

• Data envelopment analysis

• Neural networks

• Expert systems

• Decision analysis

• Analytic hierarchy process

What is Operations Research?



Factoring for aging population- 10% elderly (Age >65 years) accounted for 
35% of usage in 2011



CARE 3
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Top 35 postal code districts with the highest number of Ambulance 
Calls by time periods



Reducing Ambulance Response 

Times Using Geospatial–Time 

Analysis of Ambulance 

Deployment

Marcus Eng Hock Ong, MBBS (S’pore), MPH, Tut Fu Chiam, MBBS (S’pore), MMed,

Faith Suan Peng Ng, MApp Stat, Papia Sultana, PhD, Swee Han Lim, MBBS (S’pore), 

FRCS Ed (A&E), Benjamin Sieu-Hon Leong, MBBS (S’pore), MRCS Ed (A&E), Victor 

Yeok Kein Ong, MBBS (S’pore), FRCS Ed (A&E), Elaine Ching Ching Tan, MBBS 

(S’pore), MRCS Ed (A&E), Lai Peng Tham, MBBS (S’pore), MMed, Susan Yap, RN, and 

V. Anantharaman, MBBS (S’pore), FRCS Ed (A&E), on behalf of

the Cardiac Arrest Resuscitation Epidemiology (CARE) Study Group:

ACADEMIC EMERGENCY MEDICINE 2010; 17:951–957 . 2010 by 

the Society for Academic Emergency

Medicine



Ambulance Discrete Events Simulation



Singapore EMS Process Simulation Process

Adopted from 
Ching and Kelvin

Call Generator

Dispatcher

Time 
Interval 

Calculator

Simulation 
Modeling



Simulation 
Modeling

SCDF Division Zone 4
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The CARE Study 



Cardiac Arrest & Resuscitation Epidemiology 

(CARE) in Singapore: Comparison of Outcomes 

with Implementation of System Status Plan 

Marcus Ong1, Poon Beng Hoong2, David Matchar3, 

Wang Qinan4,  Zhang Zhong Cheng1, Oh Hong Choon5

1Singapore General Hospital
2Singapore Civil Defence Force
3Duke-NUS Graduate Medical School
4Nanyang Technological University
5Singapore Health Services Pte Ltd

7 JUNE 2011
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Cardiac Arrest and Resuscitation Epidemiology

Zhang Zhong Cheng
Supervisors

A/Prof Huang Boray 
A/Prof Marcus Ong

What is the Optimum Number of 

Emergency Ambulances Needed 

in Singapore? A Discrete Events 

Simulation Modeling Study



IT’S ABOUT 
UNDERSTANDING 
AND IMPROVING 
THE SYSTEM!

The problem of response times in 
Out of Hospital Cardiac Arrest
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2.4 mins - 6.1 mins

This is the power of crowdsourcing!
https://medium.com/invisible-balloons/uber-911-5d28d7428de6



UNCLASSIFIED

The SCDF myResponder App



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



UNCLASSIFIED

• 9-9-5 Dispatch System

• National authentication 

system: SingPass

• OneMap for detailed map 

layers

• Govt Cloud Services

Leverage on existing I.T.



UNCLASSIFIED 33/<Total>



UNCLASSIFIED 34/<Total>







UNCLASSIFIED

The 
possibilities 
are endless!



Survival Rates: Overall, Utstein, <65 and >65

• Witnessed cardiac arrest 
survival rates have doubled
from 11.6 to 21.3%

• Overall survival rates have 
gone up from 3.5 to 5.3%

• Younger patients (<65) are 2.6 
times more likely to survive 
than older patients (>65)



Timeline of Interventions

• Total survivors 
increased from 48 
to 125. 

• Bystander CPR 
rates increase 
from 22% to 54%

• AED use 1.8% to 
4.1%

• EMS response 
time gradually 
increasing 
8.3mins9.3mins
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(“KPMG International”), a Swiss entity.
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Pre-hospital Emergency Care National IT Blueprint

Reception and voice quality challenges when using VHF radio

Need for real time 

appliance status 

updates

Need for ED capacity for 

getting patient to most 

appropriate ED

Challenge of locating patient

Need for greater 

involvement of  

community 

responders

Minimal use of 

data 

communications

Need for  integration across PEC lifecycle
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Challenge of getting 

patient 

identification

Need for emergency 

broadband network 

for data 

communication

Challenge of 

providing patient  

case details in 

advance to EDs

Need for real time 

capture of ambulance 

case record

Need for  feedback 

loop to 

paramedics on 

patient case 

record
Need for 

automated clinical 

quality audit of 

patient case 

record

Ambulance case 

record 

synchronisation  

challenges

Challenges at 

Operations centre 

due to increased 

responsibilities

Manage Calls and Dispatch Manage EMS Transition and Return

Emergency Call Monitoring
Conveyance

Locate/Treat/Deliv

er

Handover to 

ED
Return to ServiceDispatch

Post-PEC

 Case Record 

Audit

 Planning & 

Deployment

 Real World 

Training and 

Research

Pre-

PEC

 Early 

Diagnosis

 Public 

Education

Challenge of limited Situational 

Awareness
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PEC Potential Solution Capabilities

Manage Calls and Dispatch Manage EMS Transition and Return

Emergency Call Monitoring
Conveyance

Locate/Treat/Deliv

er

Handover to 

ED
Return to ServiceDispatch

Post-PEC

 Case Record 

Audit

 Planning & 

Deployment

 Real World 

Training and 

Research

Pre-

PEC

 Early 

Diagnosis

 Public 

Education

Mobile 

Application 

for 

Symptoms 

Identification

Public 

Mobile 

Application 

for 

Emergency

AED Locator

Online 

Mobile 

Learning 

Application

Multi-channel emergency communication

Patient Geo - location

Traffic and Road Condition Integration

ED Capacity Integration

First Responder Activator

Integrated AED Registry

Mobile Application for Community First 

responder

Re-training certification scheduler for 

first responder

Digital Integrated Data Communications

Integrated Paramedic Mobile device

Situational Awareness for Ambulance: 

Real time Traffic Integration

Situational Awareness for Ambulance: 

Automated Re - routing

Smart Restock for operational readiness

Intelligent ED Assignment

Status Board at ED

Use of data 

analytics for 

Education & 

Training

Use of data 

analytics for 

Performance 

Improvement

Use of data 

analytics for 

Planning

Incremental Build of Incident Case Records

Clinical Event Capture and Decision Support

Post PEC

ED Transition and Response

Ambulance Service

Community Response

First CallPre PEC

PEC Support Functions



Reporting and Analytics Services

Manage Calls and Dispatch Manage EMS Transition and Return

Emergency Call Dispatch Monitoring Conveyance
Locate/Treat/Deliver

Handover to ED Return to Service

Operations Centre Mobile DevicesSmart Ambulance Device Participating EDs 
(SGH, KTPH and TTSH)

995 call/ 
situational 

data

Electronic 
Case Record

Incident 
Details on 

IBCR

Clinical 
Data 

Capture

My Responder

Heartsave forms

IBCR

Dispatch Tape Review

HDG (MOHH)

MHA Firewall

Data Warehouse

Extract, Transform, 
Load

Hospital Firewall

PEC IT Blueprint and Analytics 

Potential Area of  Analytics

• Research on OHCA, Trauma, Stroke and STEMI

Comms between 
Paramedics and 

ED

ePCR
NEHR



Project OMNI



Emergency Medicine

• Unique domain of medicine that encompasses the acute care 

of medical, surgical, paediatric, obstetric/gynaecological and 

other emergencies

• It has also developed sub-specialty niches in:

• Pre-hospital Emergency Care

• Paediatric emergency medicine

• Toxicology

• Emergency Trauma Care

• Emergency Airway Management

• Emergency cardiac care

• Emergency imaging

• Observation Medicine

• Critical Emergency Care

• Resuscitation

• Disaster Medicine
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Health Services Research Institute
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Availability of Data across the spectrum of healthcare

Undergirding Enablers

Case Management | Operations | HR | Finance | IT | Education and Research Infrastructure

Regional Health System (RHS)

Regional 

Hospitals

Our Patients

Community / Primary Acute / Secondary Tertiary / Quaternary Intermediate / Long Term

Chinatown FMC, 

Tiong Bahru

CHC

NHGP

GP

SHP
Primary Care

Integrated 

Community Primary 

Care

Lung

Diabetes and 

Metabolism

Breast

Future 

SDDCs

Blood 

Cancer

Head & 

Neck

Liver 

Transplant

Sengkang

General 

Hospital

SGH 

Campus

MSK

Digestive

Disease

Transplant

Dental Heart

Eye

Neuro-

scienceCampus DEM

Campus Inpatient

Campus ASC

KKH 

Campus

Bright 

Vision 

Hospital

Outram Community Hospital
Post-Acute & Continuing Care

SengKang

Community 

Hospital

Nursing Homes Palliative 

Care

Homecare
Community

Partners

* Collaboration with Pearl’s Hill Care Home
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Supporting Analytics Infrastructure in SingHealth 

– Duke NUS AMC

47

Integration Services

Data Sources

LT

SAP
ISH

Max
Care

RMS OTMC&S Emerge

LABOAS RIS
SAP
HR

SAP
MM

Other Systems

Data Management Services
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SCM Analytics

Reporting and Analytics 
Services

SWIPCS

Legacy

Dashboard / 
Scorecards

Adhoc
Reports

OADEXTRACT RANSFORM

eHIntS(Data  Repository)

Future Phase

Location 
Analytics

Text Mining

Future Phase

Predictive Analytics

REDCap
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SingHealth Analytics Infrastructure 

48
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Research Standing Database

Healthcare Digital Twin Integration Framework
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) DATA ANALYSIS MODULE 

(DATA PIPELINES)

SYMBIOTIC 
SIMULATION/ DATA 
SCIENCE MODULE

MACHINE LEARNING 
MODULE

SCENARIO OPTIMIZER (SIMULATION 
OPTIMIZATION; RL; DRL; etc)

PHYSICAL SYSTEM/ 
AUGMENTED DECISION 

SUPPORT SYSTEM

RSD CLOUD-BASED 
IMPLEMENTATION
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AI/ Data Science models need to go beyond 

validation to IMPLEMENTATION

1. Moons et al. Heart. 2012;98(9):691-698
2. Moons et al. Heart. 2012;98(9):683-690
3. Amarasingham et al. Health affairs 2014;33(7):1148-54

Data Rich with INformation and Knowledge (DRINK!)

Scale up

• Implement

• Sustain

Test-
bedding

• Explore 
context

• Adoption

Impact 
assessmen

t

• Quantify 
impact on 
behaviour 
and 
decision 
making, 
health 
outcomes & 
cost-
effectivenes
s

• Comparativ
e designs

Model 
updating

• To 
adjust/impr
ove 
performanc
e for other 
settings or 
populations

• Need to 
undergo 
further 
external 
validation

External 
validation

• Temporal

• Geographic
al

• Domain 
(different 
population)

Assessing 
increment
al value of 

new 
(bio)mark

er

• C-statistic

• Net 
reclassificati
on 
improveme
nt

Internal 
validation

• From same 
sample

• Random 
split

•
Bootstrap
ping

Developm
ent

• Data source

• Quality

• Missing 
data

• Variable 
selection

Research Implementation

Our Goal is 
Implementation!



marcus.ong.e.h@
singhealth.com.sg


