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ABSTRACT

Performance of emergency medical services delivery is normally
benchmarked via ambulance response time. Quick ambulance response can
efficiently reduce the disability and mortality of emergency patients. Ambulance
dispatch policy and location model both have a significant impact on the response
time. A proper dispatch policy can determine the right ambulance for the incoming
emergency call. Meanwhile, the use of location model can increase the ambulance
coverage. Nevertheless, the applications of both dispatch policy and location model
are yet to be seen in Malaysia ambulance services. There is also a lack of academic
contributions focusing on a simulation study of emergency medical services in
Malaysia, especially those using local geographic information. In this research, a
simulation framework is presented to study the response time performance of a
simulation model that consists of both the dispatch policy and location model.
Several real-life dispatch policies were simulated in a real map by using actual
geographic information to evaluate the efficiency of ambulance services in Johor
Bahru. By using a suitable dispatch policy, the simulation results show an
improvement in average response time for higher-priority call while the total covered
calls have increased significantly with the application of maximal covering location
problem. At nine ambulances, the achieved maximum coverage is 68% for using the

location model compared to merely 45% prior to the implementation.
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ABSTRAK

Prestasi penghantaran perkhidmatan perubatan kecemasan biasanya dinilai
melalui masa tindak balas ambulans. Tindak balas ambulans yang pantas boleh
mengurangkan kecacatan dan kadar kematian pesakit kecemasan. Polisi
penghantaran ambulans dan model lokasi ambulans kedua-duanya mempunyai kesan
yang ketara terhadap masa tindak balas. Polisi penghantaran yang baik boleh
menentukan ambulans yang sesuai untuk dihantar ke tempat kecemasan. Sementara
itu, penggunaan model lokasi boleh meningkatkan liputan ambulans. Walau
bagaimanapun, penggunaan polisi penghantaran dan juga model lokasi masih belum
dapat dilihat dalam perkhidmatan ambulans di Malaysia. Selain itu, terdapat juga
kekurangan sumbangan akademik yang memberi tumpuan kepada kajian simulasi
terhadap prestasi penghantaran perkhidmatan perubatan kecemasan di Malaysia
terutamanya yang menggunakan maklumat geografi tempatan. Dalam penyelidikan
ini, satu rangka kerja simulasi dibentangkan untuk mengkaji prestasi masa tindak
balas ambulans bagi model simulasi yang terdiri daripada polisi penghantaran dan
juga model lokasi. Beberapa polisi penghantaran telah disimulasikan dengan
menggunakan peta dan maklumat geografi sebenar untuk menilai kecekapan
perkhidmatan ambulans di Johor Bahru. Dengan menggunakan polisi yang sesuali,
hasil simulasi menunjukkan terdapat peningkatan dalam masa tindak balas purata
bagi panggilan yang mempunyai keutamaan yang lebih tinggi, sementara jumlah
panggilan yang dapat dicapai dalam masa yang ditetapkan telah meningkat dengan
ketara apabila masalah lokasi liputan maksimum digunakan. Pada penggunaan
sembilan ambulans, liputan maksimum yang diperolehi apabila menggunakan model
lokasi adalah 68% berbanding hanya 45% sebelum penggunaannya.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Emergency medical services (EMS) delivery is a critical part of public health,
especially when it involves a life-threatening situation such as an emergency call for
cardiac arrest. Commonly, the performance of EMS delivery is benchmarked based
on the efficiency of ambulance services. Many studies have shown that a quick
ambulance response during an emergency case can significantly increase the survival
rate of emergency patients. Pell et al. (2001) and Vukmir (2006) have reported the
existence of a positive relationship between a faster ambulance response and survival
of prehospital cardiac arrest patients. Meanwhile, the performance of one-tier EMS
system in urban area is studied by Blackwell and Kaufman (2002). In their findings,
a response time less than five minutes could have an improved survival rate
compared with a longer response time. Furthermore, Sdnchez-Mangas et al. (2010)
have suggested that the mortality rate of road traffic accidents can be reduced to one

third with a 10-minute reduction of response time.

Ambulance response time (ART) is usually measured as an interval between
the time when the emergency call is received by the call center and the time when the
assigned ambulance arrives at the emergency scene (Sasaki et al., 2010). Generally,
ART is used in conjunction with the coverage percentage as a standard preset value
to establish a Key Performance Indicator (KPI) for EMS delivery’s performance
measurement. Every country has its own KPI for EMS delivery. For example, in

Western Australia, the required ART is within 15 minutes, and at least 90% of total



calls must be covered (Health Information and Quality Authority, 2012). On the
contrary, The United States Emergency Medical Services Act stated that 95% of the
received emergency calls should be served within 10 minutes and 30 minutes in
urban and rural areas respectively (Ball et al., 1993). The ART and the coverage
percentage improvements can help an EMS provider to meet the established KPI and
maintain its performance at a desired level. Therefore, both the ART and the
ambulance coverage are vital components in studying the performance of EMS

delivery.

1.2 Background of Study

The public awareness for the need of a better ambulance service is very
common in any developing country, including Malaysia. Hisamuddin et al. (2007)
have described current Malaysia EMS delivery as in the developing phase where its
importance has started to attract serious attention from the government in recent
years. The traditional function of ambulance as a patient transport vehicle (i.e.,
scoop-and-run) has been gradually changed into a rescue service that includes on-

board trained paramedics and life-support equipments.

Moreover, in 2007, Malaysian Emergency Response Services 999
(MERS999) has been introduced by the government where a single “999” telephone
number is used for ambulance services nationwide. MERS999 is set to replace the
previous system that has no uniform communication for ambulance services and
lacks coordination between the EMS providers (Hisamuddin et al., 2007; Anisah et
al, 2008). The main objective of MERS999 system is to improve the efficiency of
EMS delivery by reducing the ART (Government: MERS 999, 2013). Nevertheless,
the use of a single emergency number can improve the time taken to activate the
EMS delivery compared to a direct calling to a hospital emergency department
(Mayron et al., 1984), which can reduce the ART as well.

Any emergency call received by a call center is analyzed before any
ambulance is dispatched to the emergency scene. The standard process includes call

screening and classification that can help the call taker to identify the type of call, the



location of call and most importantly, to ensure that the call is genuine. In April
2012, the number of prank calls reported is about 254,487, which are contributed to
12.32% of total calls received by MERS999 in a month (Rozinah, 2012). Therefore,
the call identification process is essential as any false call can lead to inefficient use

of resources that certainly can affect the performance of EMS delivery.

In a triage system, the emergency call is categorized based on the level of
urgency. In Northern Ireland, the emergency call is classified into three categories
namely Category-A call for a life-threatening case, Category-B call for a serious but
not life-threatening case and Category-C call for a non-serious and not life-
threatening case. Each category of call can have a different targeted response time
that reflects its priority. Often a higher-priority call is served within a lower response
time. For instance, the KPI for ambulance services in Northern Ireland has stated that
any Category-A call which is the highest priority call should be served within 8
minutes. On the other hand, Category-B and Category-C calls should be served
within 18 minutes and 21 minutes in rural and sparsely populated areas respectively
(Health Information and Quality Authority, 2012).

The triage system provides an appropriate response for the emergency call
and can contribute to a better use of ambulances. Consequently, many countries have
implemented the triage system to sort the incoming calls. However, in some
countries like France, Norway and Italy, all emergency calls are treated equally
where each arriving call is simply sorted based on the first-in-first-out approach
(Health Information and Quality Authority, 2012). Criteria-based Dispatch (CBD)
and Advanced Medical Priority Dispatch System (AMPDS) are the most widely used
priority-based dispatch especially in the developed countries (Black and Davies,
2005). Ambulance services in U.K. have implemented the priority-based dispatch by
using the AMPDS software to replace the first-in-first-out approach, and the decision
has resulted in increasing about 3.9% of the total Category-A calls that were served

within an 8-minutes response time (U.K. National Statistics, 2009).

Once an emergency call has completely identified, classified and prioritized,
the next process is to find the most appropriate ambulance to be dispatched to the call
scene. Usually, the closest available ambulance is dispatched by the EMS dispatcher

to serve the emergency call as fast as possible. In a real-life situation, a first



responder can be utilized prior to the ambulance arrival to perform basic emergency
treatments at the scene such as cardiopulmonary resuscitation (CPR) and basic
wound management (Pozner et al., 2004). The approved first responder can be a
police personnel, firefighters and volunteers who have undergone a basic life-support
training (Pell et al., 2001). Nonetheless, the impact of first responder on survival is
critical, especially during cardiac arrest treatment (Pell et al., 2001; Vukmir, 2006).

Basically, the ambulances used in EMS delivery can be categorized into two
types namely Basic Life-Support (BLS) and Advanced Life-Support (ALS). BLS
ambulance is equipped with equipments that can provide less advanced care such as
CPR and oxygen monitoring. Meanwhile, on top of the BLS capabilities, ALS
ambulance can perform advanced medical procedures (e.g., administering drugs,
administering defibrillator shocks and inserting breathing tubes) (Mandell, 1998).
Any EMS delivery that implements a one-tier system can only deploy one type of
ambulance regardless the types of emergency. In a two-tier system, both types of
ambulances are utilized where usually the BLS ambulance is deployed for most of
the received emergency call, and the ALS ambulance is only used during serious life-
threatening situations (Eaton et al., 1985; Lim et al., 2011). In addition, some EMS
providers used BLS and ALS ambulances in a tandem where the BLS ambulance
acts as a first responder and has a shorter targeted response time compared to ALS
ambulance (Nichol et al., 1996).

The methods used in the process of sorting the emergency calls and assigning
the appropriate ambulances can be defined as ambulance dispatch policy (ADP).
ADP arguably has a significant impact on the performance of EMS delivery.
According to Lim et al. (2011), any real-life ADP can be divided into three
components namely calls queuing method (CQM), ambulance assignment method
(AAM) and add-on dispatch policy (AOD). Priority and first-in-first-out dispatches
are examples of CQM that have been applied by many EMS providers. In addition,
sending the closest ambulance is the most commonly used AAM (Repede and
Bernardo, 1994). The AOD is a complementary method that is applied to achieve a
specific objective in the performance of EMS delivery by altering the CQM and
AAM accordingly.



In Malaysia, MERS999 system has been incorporated with emergency
department (ED) of government hospital in every state via Medical Emergency Call
Center (MECC). The ambulance is dispatched by ED personnel to serve the
emergency call from the nearest hospital. However, a direct calling to the hospital
ED is still supported (Hisamuddin et al., 2007). In the worst case, some of the
emergency patients are transported to the hospital by their family or bystanders,
especially in a rural area. Meanwhile, the ambulances provided by the non-
governmental organizations (NGOs) are only located at an urban area in several
states. Thus, it can be concluded that Malaysia EMS delivery lacks a strategic
ambulance deployment where most of the ambulances have been located at the

hospital.

Many ambulance location models (ALMs) have been proposed by researchers
to solve the ambulance deployment problem (Brotcorne et al., 2003). The proposed
models can be further classified as a deterministic, probabilistic or dynamic model.
Deterministic model is often used during planning stage, and only considers the static
problems of the system. It ignores completely the dynamic of the problems such as
the varying demands over time and time-dependent travel time. In a real-life
situation, the ambulances are not always available to serve the emergency call at all
times. Due to the problem, several probabilistic models have been developed.
Meanwhile, a dynamic model requires the implementation of advanced technologies
and heuristic methods, but it could promise the best solution for ambulance location
and relocation problem (Brotcorne et al., 2003).

A strategic ambulance location can ensure the arrival of an ambulance at the
emergency scene within the targeted response time. Moreover, the ALM is not only
successful in reducing the ART, but also can be implemented as a cost-saving tool.
For example, in 1984, a plan to reorganize the EMS in Austin, Texas was established
by using a modified maximal covering location problem (MCLP) and the results
showed that $3.4 million in construction cost and $1.2 million annually in operating
cost were saved (Eaton et al.,, 1985). With the introduction of Geographical
Information System (GIS) application into the EMS delivery, now the ambulances
can be deployed even better.



The most advanced technology that has been implemented in EMS delivery is
the Computer-Aided Dispatching (CAD) system, which combines the technologies
of Global Positioning System (GPS), GIS and Internet into a sophisticated and
computerized dispatching system. In the CAD system, the emergency calls are
geographically located and recorded in a real map while the ambulances are provided
automatically by the system with the best route to the call scene by considering real-
life traffic congestion. The implementation of CAD system requires the ambulances
to be equipped with a mobile data terminal or GPS devices that surely can increase
the overall cost of EMS delivery. Consequently, the implementation of CAD system
in EMS delivery can be seen mostly in developed countries.

1.3 Problem Statement

The main problem in the previous works is neither the proposed ADP
presented by Lim et al. (2011), nor others’ policy used in EMS simulation (Repede
and Bernado, 1994; Gendreau et al., 2001; Andersson and Varbrand, 2006), has
taken into account the variant in a real-life EMS delivery. For example, the study
area used by Lim et al. (2011) is a hypothetical region, and it is defined by using a
grid system where there is no real-life data implemented. Therefore, their simulation
results can be classified as a generalized result on the performance of EMS delivery.
Nonetheless, Lim et al. (2011) have suggested an integration of real data (e.g., actual
road network and demand) in the simulation to obtain a result that is closer to the
real-life EMS implementation. Consequently, a real map of a local area is introduced
in this research as the study area. Actual road network and demand are used so that

the simulation results are as close as to the real-life performance.

Besides, there is still lacking of study that targeting on the performance of
Malaysia EMS delivery, especially in terms of ambulance services. Moreover, a
study by Hamzah (2005) has shown that despite improving, the current performance
of Malaysia EMS delivery is yet to reach the international level. As mentioned
earlier, the performance of EMS delivery is always measured based on the ART and

the coverage where both can be enhanced by using appropriate ADP and suitable



ALM. However, most of the previous studies have only focused on improving the
EMS performance by using either ADP or ALM. Therefore, this research strives to
study the performance of local EMS delivery by looking at both the impacts of ADP
and ALM.

1.4 Objectives of Research

The objectives of the research are defined as the following:

a)  To develop an EMS simulator that can evaluate the EMS performance

based on local geographic information; and,

b)  To study the impact of ADP components and application of ALM on

ART using simulation based on the real map.

1.5  Scopes of Research

Several scopes have been outlined in order to justify the objectives of the
research. First of all, an object-oriented programming and a discrete-event simulation
technique are used to design the simulator. An EMS simulation is used instead of a
real experiment for the advantages of the flexibility, time-saving and low cost. The
simulation can provide a comprehensive decision support tool for operational
planning analysis. In addition, the designed simulator can evaluate the performance
of local EMS delivery in terms of both the ADP and ALM based on a real map. Next,
the road network and EMS demands for simulation are based on the collected data
from Majlis Perbandaran Johor Bahru Tengah (MPJBT) and Majlis Bandaraya Johor
Bahru (MBJB) administrative areas. Besides, the map of the study area is developed
by using OpenStreetMap, which is an open-source world map provider. As the
research is still at an early phase and focusing more on the planning stage, all the
simulation parameters (e.g. numbers of ambulance and emergency call) are mainly

based on assumption values. Finally, a static ALM is implemented where the travel



time and demand are made unchanged throughout the simulation. The scopes of the

research are summarized in Table 1.1.

Table 1.1: Scopes of the research

Parameter Scope
Coded using object-oriented programming (i.e. Java
Simulator programming language) and discrete event simulation
technique.
Study Area Based on real map of MPJBT and MBJB areas.
Map Size ~ 500 km?
Map Platform OpenStreetMap

Distance Measurement

Based on actual road network within the study area

using Dijkstra’s algorithm.

Road Network

The road network considers one-way and two-way
streets but does not include the traffic conditions.

Call Data

Generated using Poisson distribution based on

population size.

Ambulance Speed

Based on the speed limit of a road.

ALM

Static deterministic model (MCLP)

Performance Measurement

ART and coverage percentage.




1.6 Significances of Research

The significances of the research can be highlighted in several aspects. First,
the analyses conducted in this research can provide a useful guideline for EMS
providers, especially for Ministry of Health (MOH) in improving the performance of
ambulance services in Malaysia. This is in line with the need highlighted by
MERS999 system that is to reduce the ART during emergency (Government: MERS
999, 2012). The simulation results which include ART performance for several
combinations of practical ADP components are presented. EMS dispatcher then can
use the result to decide on the best policy that needs to be applied for achieving a
desired performance. In addition, the solution of the implemented ALM can provide
several strategic locations for ambulance stations that practically can increase the
EMS coverage. Besides, by comparing to the others’ EMS related study in Malaysia
(Hameed et al., 2006; Hong and Ghani, 2006; Hameed et al., 2010), this research can
be considered as a pioneer work in Malaysia that looks into EMS delivery
performance study, particularly in considering the local geographic information. As a
result, not only it can contribute to academic literature enrichment, but also can

encourage more researchers to focus on EMS delivery optimization in Malaysia.

1.7 Research Methodology

The research methodology is summarized in Figure 1.1. It shows the process
of identifying the potential solutions to enhance the existing EMS in Malaysia. The
process starts with the literature review to gather the critical knowledge that is related
to the research. The literature review is carried out based on the defined problem of
EMS performance improvement. The previous works in current literature which have
focused on improving the EMS performance are identified. Then, an EMS simulator
is developed to provide a simulation framework for the EMS performance study.
Besides, the simulation is preferred than the real experiment primarily due to its
ability to provide a comprehensive decision support tool that can greatly benefit the
EMS during planning stage and decision making. In addition, many researchers have
been using simulation to study the EMS performance (Ingolfsson et al., 2003; Su and
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Shih, 2003; Henderson and Mason, 2004; Aringhieri et al., 2007; Silva and Pinto,
2010; Lim et al., 2011).

In order to obtain a simulation result that is much closer to the actual
implementation, a real map is used instead of a hypothetical region to represent the
study area. The developed simulator can simulate the dynamic states of EMS
delivery, including the geographical locations of ambulance and emergency call.
Another component of the simulator is the application of ALM, which enables the
simulator to find the strategic positions for locating the ambulances in order to
increase the EMS coverage. Besides, the simulator supports the implementation of
ADP components that allow each of the components to be explored using simulation.

After the simulator is completely designed, two case studies are being
analyzed to identify the best setting for Malaysia EMS delivery. The first case is an
approximate to existing EMS system where all ambulances are located at hospitals
whereas in the second case, the application of ALM is introduced. In both cases,
several combinations of ADP components are simulated, and the ARTs are recorded
for analysis purposes. As a result, the possible ambulance locations and ADP that

satisfy the desired performance of Malaysia EMS can be identified.
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1.8 Thesis Outline

This thesis is structured in the following manner. In Chapter 1, the
background and motivations of the study are presented. It also includes the problem
statements, objectives, scopes and research methodology. The literature review is
presented in Chapter 2. It consists of academic reviews on several subjects that are
deemed to be important for the research. The reviews include EMS definition, EMS
performance measurement, decomposition of ADP, covering location model and
previous EMS simulation works. Meanwhile, Chapter 3 describes the map
development and EMS simulation work in detail. Data collection and analysis are
presented in this chapter as well. In addition, Chapter 3 highlights the simulation
setup and the development of EMS simulator. The findings of the research are
presented and discussed in Chapter 4. These include the results for the developed
simulator and the simulation of dispatch policies. A comprehensive discussion on the
obtained results is also provided in this chapter. Chapter 5 summarizes the whole
research. In this final chapter, the research outputs are well concluded, and several

recommendations are emphasized for future work.
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