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Background
– Growing Stra in on EDs

– Increased demand for emergency ca re due to 
aging popula tion and demographic changes

– Current SCDF Ambula nce Protocol
– Pa tients transported to the nea rest hospita l based 

on rea l- time tra ffic conditions.
– Exceptions: severe trauma , STEMI, or pedia tric 

emergencies. 

– Cha llenges with Current Pra ctice
– Imba lance in pa tient load across hospita ls.
– Longer ambulance turna round time in some 

regions.
– Delays in pa tient ca re. 

– Need for a  Systemic Solution
– Optimize ambulance services through load 

distribution.
– Leverage historica l demand and zoning via  ED 

market sha re ana lysis. 
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Imbalance in Emergency Workload (2010 – 2020): 
Trends and Spatial Distribution
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Top 5 Destination Hospita ls in 2020

Note: Figures based on 23,151 cases of OHCA conveyed incidents from 2010 to 2020. A tota l of 1,171 cases were excluded due to missing geospa tia l da ta .

In 2020, the top 5 destina tion hospita ls—CGH, NTFGH, 
TTSH, SKH, and KTPH—accounted for 75% of a ll cases 

(n = 2,568 out of 3,016)

Hotspots of ED cardiac incidents a re concentra ted in the 
north, north- eastern and eastern regions of Singapore.



Study Aim

Prima ry Objective
Assess the impact of adjusting ambulance 
destina tions using load ba lancing based on 
ED market sha re ana lysis.

Key Goa ls
-  Optimize ambulance turna round times.
- Enhance pa tient outcomes through a  simula tion- based  
approach.



Time Components
This simula tion models the tota l time to a ttend to an ED case, from dispa tch 
to hospita l for eva lua tion and trea tment .

• RT: Ambula nce Response Time –  Time taken to reach the incident site.
• CT: Conveya nce Time –  Time to transport the casua lty to the hospita l.
• DPT: Door- to- Provider Time –  Time from arriva l a t ED until the first contact 

with a  provider (e.g. triage or assessment). 

Ca lcula tion
• Tota l Ca se Time  = RT + CT + DPT
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Simula tion Goa l
This simula tion assesses whether redirecting non- critica l pa tients to 
less crowded hospita ls (e.g., Hospita l B) can achieve comparable or 
reduced tota l case time compared to the current policy of a lways 
routing to the nearest hospita l (e.g., Hospita l A).

Study Approach



Insights on Response Time (RT)  and Conveyance Time (CT)

– Response Time: 
– Mean RT remains consistent across yea rs, 

suggesting stable ambulance deployment 
efficiency.

– Conveya nce Time: 
– SGH and SKH have the shortest mean CT (~ 5 

min), likely due to proximity to high- density 
a reas. 

– Trend Over Time: 
– Mean CT has improved steadily from 2010 

(10.6 min) to 2020 (6.07 min) reflecting 
enhanced transporta tion network and 
increase in EDs. 

Table 1: CT by Site

(Mean and Range in Minutes)

Table 2: RT & CT by Year

Note: Descriptive sta tistics based on 23,151 cases of OHCA conveyed incidents from 2010 to 2020. 



Simulated Conveyance Time (CT)
– Conveya nce Time Simula tion: Travel times to a ll hospita ls can be simula ted for each case to 

a ssess potentia l conveyance dura tions.
– Tra vel Time Source: Travel times were retrieved using the OneMap API, which provides 

accura te loca l driving time estima tes.
– Policy Eva lua tion Component: Simula ted CT highlights the trade- offs in Tota l Case Time 

when redirecting pa tients to a lterna te hospita ls.

Case No Postal Driving Time (Min)
AH CGH KKH KTPH NTFGH NUH SGH SKH TTSH WH

SGSIN0130073 650117 19.6 36.3 25.9 35.5 6.1 18.0 24.2 39.1 24.4 27.9

Example: Simula ted travel times (in minutes) from a  single case loca tion to va rious hospita ls

Closest 
ED

Furthest 
ED



Door-to-Provider Time (DPT)

– DPT reflects ED efficiency, with high va lues 
indica ting potentia l delays in initia l ca re due 
to overcrowding.

– Historica l DPT will be derived from 
Opera tiona l Medica l Networks Informa tics 
Integra tor (OMNII) system.

– Based on one-year ambulance ED cases to 
simula te workloa d imba la nce across the ED. 



Identifying Operational Zones for Case Time Analysis

– Singapore is divided into 332 subzones (URA), we assigned each to a  specific hospita l based on its geographica l loca tion 
(via  Voronoi polygons through nearest neighbor ana lysis).

– The current actua l coverage by each hospita l can be la rger/smaller than this illustra ted zoning.
– This opera tiona l zoning approach simplifies the management of ambulance re- directions.
– Objective: Streamline decision- making by focusing on subzones instead of individua l cases, ensuring a  ba lanced 

workload across hospita l. 

Theoretica l Hospita l Coverage Area
(tessella tion based on purely geography and distance)

Subzones for Policy Implementa tion



CGH Theoretical Zone Coverage 

Determine if existing 
border/  overlapping 
zones can be 
assigned to another 
hospita l based on 
Tota l Case Time 
(RT + CT + DPT).
Essentia lly trying to 
identify potentia l 
cases tha t can 
benefit from re-
direction to another 
hospita l.

Note: Loca tion base on ambulance conveyed OHCA cases in 2019.



FlexSim Platform



Example of another Flex Sim project  



Model Logic

1. Choose random OHCA loca tion

2. Genera te Utstein va riables

3. Dispa tch ambulance from nea rest fire 

post

4. Travel to pa tient

5. Perform OnScene trea tment

6. Decide CAC or non- CAC

7. Travel to hospita l

8. Handover pa tient to hospita l

9. Return to fire post

10. Pa tient fina l CPC score

Discrete Event Simulation Model



Next Steps
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– Da ta  Acquisition
– Collabora ting with SCDF & MOH to access historica l 

da ta  for simula tion model va lida tion.

–  Assess Impa ct on Ambula nce Return Time
– Evalua te how sending ambulances to slightly further 

hospita ls impact return times and subsequent 
deployments.

– Esta blish ED Workloa d Metrics
– Determine if there a re other metrics or models to 

understand the ED workload

– Address Confounders
– Time of day; tra ffic condition; wea ther condition
– Severity of pa tient condition



Thank you!
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