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Preface

Big data, data mining and modelling and simulation play a significant role in
today’s world specifically in the field of digital health. Digital health is one such
application, whereby data is used along with artificial intelligence (AI) by profes-
sionals to perform pattern analysis and segmentations with the purpose of
improving digital health experience and to lead to better management of risk and
emergency by facilitating improved decision-making in normal as well as in
emergency conditions. Digital health has become an essential feature of the
healthcare sector specifically in present situation of COVID-19 pandemic.

The contribution of digital content in spreading awareness in the current event of
global outbreak of COVID-19 has increased its significance. Additionally,
numerous amounts of e-Content are being generated everyday including informa-
tion, facts, figures and statistics pertaining to various fields which is valuable for the
government sector besides others. It even allows making prediction on the basis of
available data leading to improved decision-making.

It is obvious that the emergency department (ED) is one of the most critical
departments of healthcare system and hence requires mathematical models in order
to address issues like extensive waiting periods and its adverse impact on EDs and
patients. The outcomes of these works are effective for improvement of care
delivered to patients in ED. The weaknesses of healthcare system specifically the
weaknesses of the EDs have become evident particularly in current scenario when
the world is in the grip of the deadly COVID-19. All this implies that analysis is
significant for improvement of services in the emergency department. However,
there are certain arguments regarding the evaluation of service quality.

This book also presents the systematic review of research pertaining to the
processes and systems of the EDs, the issues faced by EDs and their solutions to
ensure delivery of proper and ideal healthcare services for patients in ED through
superior quality process management in ED. The review assesses the two-decade
data from 2000 to 2019 to examine the processes employed for ED operations
during this period. The review set special emphasis on emergency system opera-
tions. The review involved assessment of the researches and identification of
research gaps. Systematic review methodology had been employed to sort the
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subject matter of these research works with respect to emergency departments
(EDs). Additionally, the book also presented service quality appraisal of the EDs
which revealed that the development and adoption of advanced performance
appraisal tools and systems enabled EDs in under-developed nations to make great
progress in ED services. The assessment was performed by taking data collected
from patients. This implies that this part of the book is mainly concerned with
development of extremely responsive assessment tool with some specific features to
act as a decision support system while designing any application. For this purpose,
the assessment tool must be capable of supporting the simulation experiments.

The validation of the evaluation instrument represented a kappa value equal to
0.763 while the attained Cronbach’s alpha value was equal to 0.827. Hence,
evaluation of healthcare standards through this instrument delivered valid, reliable
data. The outcomes of the model experimental data were tested out for accuracy
through the use of probability density distribution. It was found that all data sets
depicted normal distribution with 90% modelled cases not exceeding the optimal
range. The literature review revealed a lack of literary content on bringing about
developments in Malaysia and Saudi Arabia through the deployment of simulation
model. Moreover, previous research works failed to make comparison between the
affectivity of different operational methods that help to reduce the extensive waiting
period in EDs and their impact on patient experiences. A reduction of patient
waiting time at emergency department specially in Saudi Arabia as 38.57% less
than current actual waiting time at medium hazard scenarios for door-to-door ser-
vice time and with 61.63% of ED possessing time in Malaysia. This subject of
deployment of simulation model in Malaysia and Saudi Arabia is being considered
for the first time by this book.

Lead Author
Kuala Lumpur, Malaysia
May 2020

Salman Ben Zayed
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Highlights

• Digital health has become an essential feature of the healthcare sector specifi-
cally in present situation of COVID-19 pandemic.

• The contribution of digital content in spreading awareness in the current event of
global outbreak of COVID-19 has increased its significance.

• Emergency department is one of the most critical departments of healthcare
system that requires mathematical models in order to address issues like
extensive waiting periods and its adverse impact on EDs and patients.

• EDs have become evident particularly in current scenario when the world is in
the grip of the deadly COVID-19. All this implies that analysis is significant for
improvement of services in the emergency department.

• This book presents systematic review of research concerning to the processes
and systems of the EDs, the issues faced by EDs and their solutions to ensure
delivery of proper and ideal healthcare services for patients in ED through
superior quality process management in ED.

• The review evaluates two-decade data from 2000 to 2019 to examine the pro-
cesses employed for ED operations during this period.

• The literature review revealed a lack of literary content on bringing about
developments of EDs in Malaysia and Saudi Arabia through the deployment of
simulation model. This subject of deployment of simulation model in Malaysia
and Saudi Arabia is being considered for the first time by this book.

• The outcomes of themodel experimental data were tested out for accuracy through
the use of probability density distribution. It was found that all data sets depicted
normal distribution with 90% modelled cases not exceeding the optimal range.

• The validation of the evaluation instrument developed represented a kappa value
equal to 0.763 while the achieved Cronbach’s Alpha value equal to 0.827. Hence,
evaluation of healthcare standards through this instrument delivered valid, reli-
able result from real world data was collected before COVID-19 pandemic.

• A reduction of patient waiting time at emergency department specially in Saudi
Arabia as 38.57% less than current actual waiting time at medium hazard sce-
narios for door-to-door service time and with 61.63% of ED possessing time in
Malaysia.
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Chapter 1
Introduction

1.1 Overview

A system comprising of individuals (administrative and healthcare staff, patients,
and engineers), processes; techniques and equipment (software as well as hardware)
connected to formula a network that allows delivery of care to patients immedi-
ately is called Emergency Department (ED). For achievement of national goals,
the Saudi Vision 2030 stresses upon economic diversification and this can be done
through focusing on performance and sustainable strategies which agree with the
governance model of Saudi Vision 2030. An important target of the Saudi Vision
2030 is to ensure high quality and efficient healthcare delivery to Saudi citizens
through improving quality of the healthcare services, making it more accessible and
amplifying the efficiency of the system. With better ED systems, economic stability,
improved utilization of resources and delivery of high-quality care is made possible
and all these factors affect the organization and the service in the long run.

The second biggest city of the Kingdom of Saudi Arabia was substantially influ-
enced by the 2009 floods. It caused a business loss of one billion and over 350 indi-
viduals were missing after the floods. It all occurred 2 days before the Eid AL-Adha
holiday. In 2009, 123 individuals were killed by the floods in the Red Sea city. Two
years after this, floods killed around ten individuals again. This spurred the need for
responsive disaster planning and especially for the aspect of evacuation. Until 2004,
the Kingdom of Saudi Arabia offered emergency services through only four organi-
zations. However, 70 emergency departments were delivering emergency services in
2013. Development of improved strategies for EDs is still a challenge faced by the
Health Department (Ministry of Health, 2013). At present, the constituents of EDS
in Saudi Kingdom are not organized properly, and the network is quite complicated.
This study is aimed at minimizing or removing the factors which negatively affect the
efficiency of the EDs. Main aspects considered in this study include the unnecessary
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2 1 Introduction

waiting time leading to delay in delivery of care, decision response time and patient’s
flow in the ED.

In most of the countries especially developing states of the world, the healthcare
organizations put great emphasis on emergency services. In this connection, quality
analysis is of crucial importance for improving the emergency services. Debate is still
in progress about measurement of quality of a service. Researchers are unable to find
amethod for accuratemeasurement of quality of a service or operation. Quality of the
healthcare delivery can be analyzed in a number of ways including consideration of
the degree of satisfaction of the individuals receiving care. In other words, patient’s
experience speaks a lot about the quality of healthcare delivered in a setting. During
this study, not only the patient’s experience is analyzed but issues related to key
performance indicators (KPIs) in the EDs are also examined. This study can be split
in four sections.

A technical aspect is considered in the first step. In particular, the EDs are
not utilizing advanced monitoring and operation measurement technologies. This
research aims to analyses different factors involved in development and implemen-
tation of an e-quality system for the EDs. In the second section, different factors
involved in improving efficiency of the emergency service will be analyzed. For
this purpose, key performance indicators and key quality indicators are specified for
the emergency services. In the third section, the descriptive model is utilized as a
platform. The Discrete Event Simulation (DES) modelling platform is capable of
managing the complicated and unorganized network that constitutes the EDs. This
model facilitates application of various quality measurement models. An innova-
tive strategy is put forward in the last section which focuses on the significance of
utilizing operation research methodology in emergency departments.

1.2 Problem Statement

Efficiency of EDs is negatively influenced by the unanticipated admission of a large
number of patients. In many emergency situations, resources, and capacity of the
EDs become very limited to cope with the situation. Considering the complicated
nature of the EDs, it is important to devise a model for improving the efficiency of
the EDs. A crucial component of the EDs is the ambulance system. Transference of
the patient from the ambulance to the ED is the first step in delivering care at ED
and unluckily no strategy is at work which could ensure patient’s satisfaction at this
particular stage.

1.3 Preliminarily Studies

Before conducting the research, relevant literature was reviewed through selecting
a particular topic. The review involved examination of different issues related to
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our research problem, suggested solution, and its analysis. Methods of extracting
data are discussed in [1]. Ben Zayed et al. [2] discusses EDS in general. Chapter 3
discusses management and operation in EDs. Finally, Chap. 3 discusses the quality
of system operations at EDs. In general, the literature review is conducted in three
steps. These are planning for the review, executing the review, and reporting the
findings. Methods which are used for conducting the systematic review are described
in the review protocol. Main aspects of a process under study are analyzed through
analytical review.

1.4 Gap of Knowledge

The EDs outcomes discussed in [2] and [3] and Chap. 3 were used to categorize
the topics under the research. Ben Zayed et al. [2] 381,860 articles published during
the period between 1864 and 2017 were chosen for the review. Abstracts of these
articles were collected. This method has been utilized by Alharethi et al. [1] and
Ben Zayed et al. [2]. Basic processes and issues related to EDs were categorized.
Information gapswere identified in relation to emergency preparedness, performance
measurement and quality of healthcare delivery as indicated by Fig. 1.1.

Review of preliminary studies allowed identification of knowledge gaps and ques-
tions which remain unanswered. These gaps were identified through systematic
mapping review discussed in [1, 2] and systematic review discussed in third chapter.
Identification of such gaps is important before conducting any research study in a

Fig. 1.1 EDs topics gap of knowledge
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field of research e.g. healthcare. Figures 1.2 and 1.3 shows the cluster and further gap
of knowledge. Figures 1.3 and 1.4 show the result of the systematic review before
and after abstraction.

Fig. 1.2 Classification of EDs studies

Fig. 1.3 Classifications of EDs studies by themes/subjects before study
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Fig. 1.4 Classifications of EDs studies by themes/subjects after study

1.5 Research Contribution

This book adds to the existing knowledge about the EDs and quality analysis and
improvement by providing research-based data and years of track presented in
Chap. 3 and Figs. 3.16 and 3.17. Following are the ways through which this research
adds to the existing literature.

This research puts forward an innovative framework for the EDs and this frame-
work allows measurement of the efficiency and quality of healthcare delivery at
EDs thereby allowing improvement in the ED system. Several knowledge gaps have
been identified in this study and were finally removed. Data was collected from well
devolved instrument that allows gathering data from actual cases that occurred in
developing countries e.g. KSA and MY as well as developed states of the world e.g.
USA.

This data was then compared with literature and information provided by the
government. The qualitative and quantitative data obtained from questionnaire
studies, preliminary studies and questionnaire study were used to develop a model
and framework. Development of validated theoretical framework was followed by
development of a conceptual framework. Finally, a prototype of aweb-based applica-
tion for ED was developed which makes use of KPIs. Moreover, a research validated
tool was developed which allowed measurement of the efficiency of EDs. This tool
therefore allows improvement in ED using two different languages i.e. Arabic and
English. Lastly, an innovative toolkit is developed for EDmanagers which presents a
summary of the best operation management in the field of healthcare reported during
the period between 2000 and 2019.
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1.6 Research Advantage

Through literature review it was found that no research has been conducted in the
past for utilization of simulation model in the Kingdom of Saudi Arabia (KSA)
and Malaysia for bringing improvement. Direct comparison of results from various
operational techniques for minimizing waiting time in EDs and improving patient’s
experience has not been considered in the past aswell. Hence, this study is considered
to be the first to consider implementation of simulation model in Malaysia and KSA.
Key words [“emergency department” OR “emergency medicine” AND “operations”
AND “waiting time”] were used for searching the relevant peer reviewed articles in
the literature published during the period between 1882 and 2018. 1,759,073 articles
were generated through this search and only 2994 publications were from theMiddle
East. Only ten articles were excluded from the study because they were found to be
irrelevant. Hence this study can be considered to be original and unique; however, it
can be re-evaluated and validated. Same search results were generated by using the
IEEE database.

1.7 Research Framework

In this research, different gaps present in the literature have been identified and illus-
trated. It also elaborates why the issues addressed in this study do exist. Further gap
and modified model with steps of constructing a conceptual framework is presented
in Chap. 3. Previous gaps and model that contains SMR and SLR started showed in
Fig. 1.5 and Table 1.1. This research links different studies conducted in this context
and enlists different variables investigated by different studies. Research questions
which have been specified in Chap. 3 have been developed accordingly. The entire
framework is developed for investigating and analyzing different phenomena related
to and system behaviors and events relating to ED. This type of research has been
conducted for the first time in connection to developing states like Malaysia and
Saudi Arabia and implementing E-Systems for healthcare in developing states.

An Over 50,000 research papers published in peer reviewed journals during the
period between 1915 and 2017 have been investigated previously. Alharethi et al.
[1] and Ben Zayed et al. [2] outlines the conceptual model and summarized working
structure is given in Table 1.1.

1.8 Research Roadmap

Building a research roadmap is the first step for approaching an investigation and
for conducting research planning. Research management involves collection of
evidences and its utilization for improving outcomes. Certain research articles were
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Fig. 1.5 Research conceptual model

Table 1.1 Research
theoretical framework

Elements of framework Issue identified

Quality care Patient Record

EDs operational management EDs capacity and layout

Waiting time

Crowding and flow

Efficiency

Healthcare workforce Skills

Knowledge

Effectiveness

Emergency preparedness Radiation/virus/chemical
exposure

Disaster response

Quality engineering Automatic segmentation

Simulation/utilization in
healthcare

Structure and frequencies

Reduction of length-of-stay
(LOS)

extracted based on the time period of publication. Research road map presents an
extensive overview of the research framework and different issues linked with the
research conceptual model.

Classification and abstractions of simulation in healthcare is presented in Table
1.1 and Fig. 1.5. It is clear from the SMR and SLR conducted and as showed in
Fig. 1.6 that a simulation is categorized into groups and subgroups. Simulation is
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Fig. 1.6 Simulation in healthcare cluster

first categorized into management, optimization, and characterization of EDs. EDs
are characterized by structure, patient flow i.e. frequency of patients and timing of
various processes occurring at ED. These processes include admission, LOS, and
discharge of patients. Management involves skills and expertise for implementation
of the simulation and optimization involves utilization of real-time algorithm. Ben
Zayed et al. [2] presents detailed roadmap of the research.

1.9 Research Scope

Scope of this study covers the topics related to e-Quality in the EDs of the healthcare
sites particularly with indication to the utilization of simulation model. Different
aspects identified by SMR and SLR for improving quality of the emergency services
will be considered with the aim to improve level of satisfaction of patients as well as
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Fig. 1.7 EDs in healthcare flow chart

staff members in the healthcare sites thereby improving the efficiency of the entire
EDs system if I-P-O model as shown in Fig. 1.7 is deliberated.

1.10 Research Questions

Research question was developed as part of research objectives of this book to solve
the research problem and divided into three research questions:

R.Q.1.What are the main and current problems of Emergency Department?

R.Q.2. What type of current method available and common to solve and overcome
those problems?

R.Q.3. How can we better harness our knowledge to execute tasks and missions
to improve the overall process and outcomes of emergency department systems
experiences and patient’s satisfaction?

All three research questions were answered either within the discussion chapter
or conclusion and recommendations of this book and each chapter.

1.11 Research Objectives

Confident research objectives were achieved through this book and answering to
abovementioned questions are found. In otherwords, this book is basically conducted
to:

• To analyze the quality of services and patient’s experience at EDs in a healthcare
setting. (RQ1)

• To formulate an innovative model which addresses the complicated nature of ED
and relevant process. (RQ1) and (RQ2)

• To test the designed model in EDs of various countries. (RQ2)
• To verify the results with the help of real-world data and simulation data of ED.

(RQ3)



10 1 Introduction

1.12 Significance of the Results

The statistical analysis of the results is important so that it can be validated that the
results are correct. For instance, when two variables are found to be connected, it is
tested statistically to make sure that they are actually connected, and the relationship
is not caused by some other factors.

Only statistically significant results are worth reporting. Results are first validated
through instrumental validation that involves logical and statistical methods. In terms
of the reliability of the instrument/tool designed in this study, Cronbach’s Alpha was
found to be 0.827. As per the findings of normality test, sample size was normally
distributed.

Strong and significant correlation (p < 0.01) was detected between items and
instrument score. The instrument items were evaluated by five experts and as per
their analysis that involved determination of Kappa statistics, fair to excellent content
validation is demonstrated by the instrument. A moderate to high loading was found
through the factor analysis of various items of the instrument. This research is unique
in terms of originality, collection of real-world data and introduction of an innovative
model which is discussed in [1, 2] and Chap. 3 and as a result in Chap. 4 in detail.
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Chapter 2
Towards Emergency Systems
Engineering: A Background
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Abstract The emergency department (ED) setting within the healthcare system is
quite complex, and it is necessity to perform mathematical modelling to examine
the challenge of long waiting times and the ways in which it can influence EDs
and patients experiencing and predict conditions that need to be urgently addressed.
In addition, the ways in which certain mathematical models could help in assessing
solutions to issues like waiting time and ensure that suitable care is offered to patients
at all times based on decisionmatrix and related big data source is therefore analyzed.
Various studies have been carried out in the last decade that examine the challenges
faced by EDs to offer research evidence that can help in enhancing the ways in which
health providers offer care to their patients and in today worlds with crisis and hazard
mode like COVID-19, healthcare systems are barely able to tackle this pandemic.
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2.1 Introduction

The mathematical modelling techniques employed during the planning stage of
industrial engineering and operational processes provide a simple structure for prac-
tical implementation. Emergency departments (EDs) do not have indefinitemeasures;
however, they provide critical care to a large number of patients. To evaluate ED
systems, resource utilization, volume/number of patients, and waiting times need to
be analyzed. A large number of information and data is available on hospitals through
emergency department or patient files, which can be reviewed to facilitate manage-
ment decision-making [1]. Moreover, different applications can be used to further
support decision-makingprocesses,with a stress on its application inE-Systems, such
as ED systems in the field of healthcare. To specifically manage extensive data in the
healthcare domain, data mining methods are essential and include clustering, classi-
fications, sequential patterns, and decision trees. These techniques are supported by
the datasets and allow the researcher to use extensive data from the search results in a
more effectivemanner. In general, content mining includes searching for information
available within a database. Similarly, there are different uses of search clustering.
On the other hand, when there are substantively searched strings, bring together data
to group information according to subjects, in which are employed for developing
enhanced applications.

2.2 Emergency Departments

A critical element of the healthcare system is EDs [2]. They serve as a setting in
which high-quality, instant care and service are offered to patients by care providers.
Typically, EDs face challenges like overcrowding and lengthy waiting times [3]. This
is due to certain demand- and supply-side factors that have an impact on the ways
through which patients are provided care in various settings. A review of previous
studies revealed, for example, that problems like overcrowding and extensive waiting
times can be managed by hospitals when there is adequate planning, resource allot-
ment, effective patient management, and adequate staffing. Furthermore, the exam-
ination and assessment of the effect and cost-effectiveness of different interventions
and approaches used to handle the issues experienced at EDs can be facilitated by
mathematical frameworks. It is also important to perform additional evaluations to
identify the technologies that can be employed by hospitals to decrease waiting times
and overcrowding in their emergency departments.

A vital role is played by EDs in the provision of high-quality and well-timed care
to patients suffering from various conditions. Typically, these sub-departments are
operational 24-hours-a-day so that immediate treatment and care can be offered to
patients suffering from extremely critical conditions and illnesses. Patients visit the
ED at distinct times with the intention of receiving critical care for life-threatening
conditions. Moreover, different kinds of injuries and complications brought about
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by accidents and chronic diseases, like cardiovascular disease, are managed by the
ED [4]. In addition, all individuals are served in this department, regardless of back-
ground, or race. To ensure that the best possible care is provided to patients, various
health professionals compriseEDstaff, such as nurses, doctors, etc. [5].Much effort is
made to ensure patients are given immediate care after their arrival at the ED [4]. The
process may be different for each hospital or each case; however, usually, registration
is the first step that is carried out, followed by placing of the patient on an ED bed
and performing an examination, including diagnostic and laboratory tests. Following
this, the patient is treated [5]. Since this process involves some degree of uncertainty
and complexity, various issues can arise, such as medical errors, lengthy waiting
times, and resource wastage. Sometimes, due to factors like poor staff scheduling,
testing delay, and incorrect results, the ED team is unable to provide effective care to
its patients, and, often, the operational models used to perform various procedures
can create barriers that inhibit providers from providing high-quality services. This
is why efforts are being made to assess the challenges faced by EDs and determine
solutions for enhancing the ED process, through which care is provided to patients.

Countries all over the world face different types of disasters, which, in turn, have
negative implications on health, including serious injuries and casualties. In various
parts of the world, natural calamities like avalanches, landslides, earthquakes, and
volcanic eruptions have led to several deaths and loss of life’s [4]. In certain situations,
the extent to which EDs are reliable and suitable has been examined through the
increase in the number of cases of infectious and chronic diseases reported. The ED
is usually the primary point of care for patients experiencing complex problems [5]
and also serves as the initial point of contact between victims and care providers
during natural calamities [4]. Hence, it is important to enhance the ways in which
units’ function and develop plans that will ensure appropriate care is provided to
patients. Training is also being offered to care providers regarding the ways in which
patients can be triaged and registered without delay as well as how to communicate
with them upon their arrival, analyze their condition, and offer services to ensure
they recover quickly. In the past decade, various studies have been carried out that
examine the challenges faced by ED departments in order to identify evidence that
can help enhance the ways in which health providers offer care to their patients
[4]. Lim et al. [5] evidence from three previous studies, which concentrates on the
activities occurring in ED settings, was examined.

2.2.1 Non-urgent Visits

It was shown in the study carried out by Hoot and Aronsky [4] that there are several
themes related to the reasons behind crowding in emergency care settings. These
themes were typically classified as input, throughput, and output factors, with issues
relevant to the source and components of patient inflow as some of the input factors. It
was shown in an analysis of the data gathered by the researchers that the major factor
were non-urgent visits. The researchers asserted that a few patients visited the ED
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when suffering from conditions that did not require urgent treatment. Specifically,
sometimes, complaints were brought by frequent ED visitors that could probably
have been treated in other settings, like inpatient or outpatient facilities. Lastly,
patients experienced complex issues during the influenza season that needed to be
treated immediately. Furthermore, there was a negative effect of these input factors
on the process through which services are provided by healthcare professionals to
manage these urgent ED cases. In contrast, the throughput factors were related to ED
bottlenecks, and it was determined that its major influencing factor was insufficient
staffing that led to negative effects like lengthier waiting times. Furthermore, it was
asserted by the authors that due to insufficient staffing, caregivers in certain hospitals
were compelled tomanagemultiple patients at once [4]. Lastly, overcrowding related
to bottlenecks observed in other areas of the healthcare system that may influence
ED operations were brought about by certain output factors. Inpatient boarding and
hospital bed shortages were recognized by Hoot and Aronsky [4] as the main output
factors involved in resolving overcrowding issues in EDs.

2.2.2 Overcrowding

Outcomes from previous studies were used by Hoot and Aronsky [4] to demon-
strate the ways in which overcrowding affects EDs and summarize the negative
health outcomes. Hoot and Aronsky [4], patients visiting the ED experienced several
complications that could call for immediate and specialized treatment. When these
patients were not offered the urgent care needed due to overcrowding, they faced a
greater chance of experiencing negative effects, which could eventually even lead to
their demise. Therefore, hospitals need to manage ED overcrowding to decrease the
number of deaths they experience. The other issue discussed in the review involved
the decreased quality of services.

Overcrowding can compel care providers to treat multiple patients at once and
work longer hours, because of which low-quality services are provided that do not
fulfil patient requirements. This problem can also lead to less access to critical
services since patients must face lengthy waiting times. Sometimes, there is also
apprehension that the patients are likely to leave the ED without being examined by
doctors because of the large number of patients already present. Because of lengthy
waiting times, patientsmaymove to other facilities; however, it is likely that those not
checked by anEDdoctor or care providerwill exhibitworse conditions in comparison
to those who were provided emergency care. Overcrowding can also cause financial
losses for the hospital and produce a higher cost of care. It has also been shown in
previous studies that, because of the large number of patients present at EDs, there
may be delays in the provision of care, medical errors, extended pain, death, and the
use of irrelevant processes. Relevant methods need to be determined by hospitals
to manage issues and ensure that the best possible care is offered to their patients.
Further information was obtained by Hoot and Aronsky [4] in regard to the potential
solutions to crowding in EDs. three key themes were determined. In the first one,
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it was suggested that it is important to enhance ED resources as well as the health-
care system. The authors stated that further physical resources should be offered in
hospitals to help employees react to the rising demand for emergency services.

In addition, it has been asserted in other studies that the number of ED staff
should increase, and support resources should be offered so they are able to provide
treatment to patients in the shortest possible time and achieve positive clinical results.
It was also suggested that the strategies, procedures, and techniques used to address
the requirement for emergency services in the ED should be enhanced. Specifically,
it was suggested by Hoot and Aronsky [4] that the correct use of emergency services
should be encouraged by hospitals, which should also reorganize patients in a way
that positive health outcomes are attained and the number of patients at the ED at any
specific point in time decreases. Finally, it was suggested that operational research
should be carried out by hospitals to determine management and process changes
required to ensure that patients are provided services just on time.

In this process, partnerships should be establishedwith external organizations, and
researchers should formulate methods that make ED units and teams more effective
and efficient. Hoot and Aronsky [4] carried out a systematic analysis of studies that
examined the degree to which ED operations have been influenced by crowding,
leading to unfavorable health outcomes. It was further asserted by the authors that
a complex group of factors are responsible for bringing about this problem, which
has an impact on patient flow and the tasks of healthcare professionals in these
departments. Regardless of the reasons for its occurrence, crowding brings about
several unfavorable outcomes that further worsens the health of patients. This is why
various targeted solutions, like the recruitment of additional staff, has been carried
out in the ED setting. Although important information is offered could bring about
enhancements in the health sector, the ways in which overcrowding influences the
provision of healthcare services was shown by Hoot and Aronsky [4], and possible
solutions that could be used to address this issue were determined.

2.2.3 Waiting Time

Mathematical modelling was used by Lim et al. [5] to analyze the issue of waiting
time in EDs. The authors stated that novel opportunities are offered by analytical
modelling for examining various healthcare issues, technologies, and interventions
that have an impact on the process of providing care to patients. Due to developments
in the healthcare setting, there has been an increasing need to establish relevant
modelling methods that can offer high-quality data pertaining to care pathways and
interactions among patients and healthcare providers in different settings.

An example of assessing processes was put forward by Lim et al. [5], which
allowed for identifying the existing and subsequent demands for simulation and the
way it affects the provision of high-quality care. System analysis techniques were
formulated by the researchers in certain situations, which employed mathematical
models to signify and evaluate an extensive variety of queries and factors. In addition,
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various hypothetical situations could be simulated by the models to enable care
providers identifying areas that require adjustments to enhance patient care [5].

The challenge of EDwaiting times has been analyzed by mathematical modelling
techniques.Due to lengthywaiting times, EDsbecomeovercrowded andpractitioners
are unable to manage severe and chronic conditions that have an impact on patients
[5]. Since the ED setting within the healthcare system is quite complex, it is impera-
tive to perform mathematical modelling to examine the issue of waiting time and the
ways in which it can influence the health and welfare of patients in urgent condition.
There are several factors causing lengthy ED waiting times, including, for example,
the complicated nature of the care provision process. According to Lim et al. [5],
urgent care is required by patients visiting the ED in order for them to regain their
health. In contrast, healthcare professionals depend on management systems, care
provision techniques, and equipment to manage their patients. Sometimes, lengthy
waiting times are caused by demand factors like volume of beds, poor scheduling,
hospital capacity, sub-optional management, and variations in the extent of patient
acuity.

2.2.4 Preparedness

In some previous studies, the readiness of EDs to manage some of these healthcare
issues often experienced by individuals has been examined. In addition, studies have
been carried out to examine the issues faced by these departments and the ways
in which they influence the provision of healthcare services. For example, a study
was carried out by Hoot and Aronsky [4] to assess the problem of overcrowding
experienced by EDs.

In this book, the researchers pursued to examine the reasons behind the problem
and its consequences and then determine potential solutions for its improvement. It
was claimed by the researchers that overcrowding is a critical problem experienced
by EDs throughout the world and has an impact on the quality of care offered to
patients and their access to critical services. In addition, the authors claimed that,
since a unique role was played by the ED in the provision of services, the researchers
and practitioners gained encouragement to assess the safety characteristics of the
contemporary healthcare system. It was shown that because of the high extent of
overcrowding taking place in emergency care units, the quality of care provided to
patients has been failing, with a breaking point identified that could cause negative
health effects, like medical errors [4].

In previous studies, the ways in which hospital staff comprehend the problem of
crowding and the interventions that have been formulated to manage its negative
effects were analyzed, revealing evidence that could help in modifying the ways in
whichEDunitswork; however, according toHoot andAronsky [4],more studies need
to be carried out regarding the cause and effects of these issues so that relevant, long-
term solutions can be formulated and executed in various care settings. It has been
additionally observed that it is vital to comprehend the reasons behind overcrowding
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results aswell as its impact to enable healthcare professionals in establishingmethods
for enhancing routine procedures and operations. This would ensure that, in the long-
term, facilities are more capable of more rapidly managing the complex healthcare
requirements of patients and produce positive health outcomes.

The systematic reviewmethodwas chosen byHoot andAronsky [4] to accomplish
their research objectives. A comprehensive review of e-database was carried out to
find articles that could present data regarding the required topic. For the purpose
of this book, articles that had reviewed the cause, impact, and solutions related to
the overcrowding problem in EDs were abstracted. In addition, articles that used
unambiguous data collection and analysis techniques were identified by the authors,
while concentrating on the typical ED setting. Crowding was explained by Hoot and
Aronsky [4] as an issue arising when the requirements of patients in the ED setting
become greater than the resources available. The researchers worked alongside two
unbiased reviewers to review the articles and identify those that fulfilled the inclusion
criteria. In case conflicts arose, consensus was reached on the basis of the pre-
established standards for inclusion. After identifying the studies, data extraction was
carried out. During this process, information pertaining to the objective, techniques,
and findings of each study as collected. In addition, to analyze the methodological
nature of the studies included in the review, a 5-level instrument was used [4] with
the purpose of collecting data that could help in understanding the issues faced by
emergency departments all over the world and determine their solutions. The search
process led to the selection of 93 articles that fulfilled the inclusion criteria [4].

2.3 System Engineering

Various types of severe emergencies can bemanaged by EDs by their offering critical
emergency care within and without the hospital. Moreover, the examination of health
operations requires a decision-analytical model [3]. It is important for hospitals
to update these processes as modelling approaches are applied when carrying out
communications among patients and ED staff as well as patient care pathways and
supervision. It is vital to examine the system, as EDs are inherently complicated and
face specific issues.

Previous studies have employed mathematical healthcare frameworks; however,
studies on EDs have quite infrequently used these models. However, a critical role
has been performed by such models in decreasing the lengthy waiting times faced
by ED patients. It has been found that, in the healthcare sector, especially in EDs
in less developed countries, improvements in quality measures and facilities are
extremely valuable in assessing the quality and effectiveness of the care provided
to the patients. These assessments involve collecting the perspectives of patients.
Identifying a conceptual measurement of EDs facilities in EDs is not a simple task,
since EDs in these countries do not employ certain existing operation and moni-
toring approaches to determine service quality. From the technological point of
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view, the factors bringing about the successful creation of an e-quality observational
mechanism for emergency services can serve as a standard.

2.3.1 Modelling Operations

Efforts have beenmade throughout the years to develop distinctmathematicalmodels
that can help in evaluating healthcare procedures. Nonetheless, there has been limited
focus on the issue of ED waiting times. Due to the rising need to decrease the extent
of overcrowding and time spent by patients in the ED altogether, a mathematical
assessment of emergency department operations was carried out by Lim et al. [5]
to obtain information that would enable the enhancement of clinical outcomes. The
study essentially sought to determine the latest mathematical modelling techniques
that had been employed by researchers to examine the ways in which waiting times
can be decreased in emergency departments. In addition, the modelling methods
were compared by the authors to determine their impact on the process of offering
urgent care to patients.

A well-defined and reliable technique was employed by Lim et al. [5] to examine
and produce data that could help in enhancing healthcare outcomes in emergency
care divisions. During this process, a systematic search was carried out to identify
and determine studies that had employed mathematical models to assess the issue of
ED waiting times. Different databases were used these included peer-viewed studies
written in English from the years 2000 to 2010. Conference proceedings were also
chosen by the researchers if they included information on the given topic. After
identifying these studies, an abstraction form was generated by Lim et al. [5] to note
all important information. During this process, information was collection regarding
the modelling methods employed as well as the aims, techniques, measures, and
outcomes of each study. In contrast, the modelling techniques were compared by
assessing their performance, ability to perform multiple types of processing, the
type of software used, the extent of data abstraction, and memory. Based on the
data collected, it was observed by Lim et al. [5] that the discrete event simulation
(DES) was used in 20 studies that fulfilled the inclusion standards to examine the
problem of lengthy waiting times in EDs. An enhanced version of DES was used in
two studies to formulate information pertaining to performance measures relevant to
ED operations [5] also studies employed the system dynamics modelling to produce
qualitative and quantitative data regarding the processes and systems employed by
EDs.

It was shown in the review that DES, optimized DES, and system dynamics
modelling were employed in previous studies to examine different performance
measures that could increase ED waiting times. The impact of scheduling was one
factor thatwas evaluated. It was asserted byLim et al. [5] thatDES-based studies have
assisted in determining scheduling factors like operational hours and staff shifts that
had an impact on the number of hours spent by patients at the ED. It was also observed
byLimet al. [5] that, in the studies chosen, appropriate scheduling could considerably
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enhance throughput and decrease patient waiting times. It was claimed in this study
that, when fast-tracking of ED patients occurred, waiting times could decrease and
better resource usage and management could ensue [5]. Other factors that brought
about positive clinical outcomes included sufficient staffing, enhanced planning, and
bed registration. It was also demonstrated inmathematical model studies that waiting
times in emergency care units could be decreased due to resource sharing and process
timing [5]. Hospitals with sufficient rooms, staff, beds, and equipment would bemore
capable of timing and planning their operations in an efficient manner. Consequently,
there could be a decrease in ED length of stay and negative outcomes associated with
overcrowding, like mortality, could be avoided in the long-term.

Due to pressure to make effective use of resources and enhance the quality of care
offered to patients without producing any impact on budget, decision-makers have
been compelled to concentrate on the different ways in which time spent in the ED
can be decreased. Various supply- and demand-side factors are currently being under-
stood by researchers and decision-makers that can increase waiting times as well as
the degree to which care providers will treat patients in emergency departments. It
was observed by Lim et al. [5] that critical data has been offered by mathematical
models that help decision makers in comprehending the systems and approaches that
influence the provision of high-quality ED services in the shortest possible amount
of time. It was also demonstrated in the study by Lim et al. [5] that mathematical
instruments have been used to illustrate the ways in which to manage the issue of
lengthy waiting times through appropriate scheduling, resource usage, and manage-
ment in addition to process planning. Furthermore, these models have been used to
generate simulations that help in testing solutions to waiting times and identifying
areas that caregivers should concentrate on in order to attain promising results.

It was stressed in a systematic review carried out by Lim et al. [5] that hospi-
tals need to identify the ways in which the quality of ED services are enhanced by
a decrease in waiting times. In addition, the ways in which mathematical models
could help in assessing solutions to long waiting times and ensure that suitable care
is offered to patients at all times was analyzed [5]. Nonetheless, there were some
limitations to the review that should be considered before the results are general-
ized. First, because of the cross-disciplinary character of mathematical modelling,
the researchers were compelled to consider methods that have employed in various
fields, such as industrial engineering andhealthcare research [5]. Secondly, the review
findings may be influenced by biases in the modelling procedure, like temporality.
Thirdly, a standard quality assessment instrument for the mathematical modelling
methods was not available, which may have affected the validity and quality of the
findings presented by Lim et al. [5]. Fourth, non-English studies that analyzed the
role ofmathematical modelling in addressing problems inherent in EDs, for example,
extensive waiting times, were not included in the study. Lastly, the researchers
decided to restrict their search to articles issued between 2000 and 2010; because of
this, older studies that offered high-quality evidence relevant to the subject of interest
may have been excluded. However, despite these limitations, evidence was provided
in this study that could bring about improvements in ED operations by highlighting
the ways in which the issue of lengthy waiting times can be managed.
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2.3.2 Simulations in Healthcare

When performing the operational management of an emergency, it should be noted
that various complex features are involved. Specifically, efficient methods should be
adopted to make sure that patients are responded to in a rapid manner. An issue that
has been extensively observed inEDs is emergency preparedness in respect to lengthy
waiting times and overcrowding, especially during calamities. Due to overcrowding,
death and re-admission rates increase and there is a greater possibility of patients
leaving the ED altogether without ever being checked.

In addition, a greater number of patients are not taken care of in a proper manner
due to a lack of prioritizing the offering of care to a large number of patients that
could be suffering fromminor to major conditions. The patient is first admitted to the
hospital, after which, a doctor examines their conditions and offers treatment with
appropriate medical care. Due to extended waiting times, EDs become overcrowded,
thus increasing the risk of patient mortality. In addition, since patients often leave
the ED without being checked, ED re-admission rates could increase.

The organizational, human, and physical features of patient monitoring in ED
settings needs to be taken into account; therefore, it is necessary to consider the
operational management system, real-time information regarding patients and their
families and equipment. The key requirements include waiting areas and other places
in which overcrowding is not allowed during times of high strike. The commands
below are usually followedwhenmanaging patients: triage, registering patient name,
examination, blood tests,X-rays, pharmacy, assigningEDbed location,management,
ED staff, allocation, and, ultimately, discharge.

The most extensively used method by EDs has been the discrete-event simula-
tion method, particularly within the UK Healthcare system from 2000 to 2009. The
purpose of the ED is to attain critical healthcare objectives; hence, they are considered
the most important component of hospitals. Thus, logical solutions and procedures
should be developed by EDs in normal as well as unlucky situations. Simulation
software can also be used to address issues regarding prevention, decreased waiting
times, and forecasting variables in normal and critical situations in EDs [5]. Simu-
lation modelling has been used to identify issues experienced in practical settings
and those in terms of patient flow and supervising, arrival patterns, and inconsistent
removal of optimal methods in emergency response domains [6]. Data collection
in the simulation model distinctly occurs in normal and hazard situations. Direct
sampling, hospital records, historical data, patient tracking cards, questionnaires,
and observations are used for gathering data. To increase resources and decrease
waiting times, simulation approaches are used by employing cost monitoring and
establishing planned guidelines [6].
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2.4 Data Mining

Different applications can be used to further support decision-making processes, with
a stress on its application in E-Systems, such as ED systems in the field of healthcare.
To particularlymanage extensive data in the healthcare domain, dataminingmethods
are needed,which include clustering, classifications, sequential patterns, anddecision
trees. These techniques are supported by the datasets and allow the researcher to use
extensive data from the search results in a more effective manner.

2.4.1 Data Warehousing

To eliminate data duplication that emerges from web mining clustering methods, a
cluster-optimizingmethod that is identical to the inherent capability of ants to identify
their nest mates can be employed. The cluster optimization method was considered
to eliminate flatterers, there should be accessibility to the graphics in the web log. A
cleaned web log was used to carry out the pattern analysis [7]. The algorithms used
most often, like Weighted, and PageRank, were evaluated against each other [8].
When an influential web mining tool was used, the information from the traditional
user patterns could be examined. In this technique, a vital role is carried out by web
structure mining.

Various web structure mining algorithms were used to rank the compatible and
relevant pages, with the same treatment was provided by HITs, PageRank, and
Weighted PageRank to each link while simultaneously presenting the ranking score
[8]. The two levels of the prediction model will be explained by the author to concep-
tualize achieving enhanced hit ratios. The first level seeks to filter the categories that
are highly likely to bring about a visitor hit. The next level is used particularly
for achieving the greatest web page probability. Nonetheless, it is not possible to
disregard the issues of heterogeneous user behavior [9].

To enhance the customization of web content, data mining instruments were used
to examine web logs [10]. The effectiveness of the documents from the perspectives
of the users were examined with the search tool by allocating higher ranks to clusters
that were similar to the chosen keyword. The systems that just used content-based
searching were deemed of lesser value in respect to their specificity [10]. In another
study [11], a distinct concept that was presented involved automatically determining
landmarks and events in tagged images. When a large volume of user-shared images
needs to be aligned, landmark and event detection are critical instruments.
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2.4.2 Hyperlinks

Through hyperlinks, various webpages, providing information that can be obtained
in an effective manner. The purpose of the majority of e-commerce websites is to
endorse and present a given business. The businesses could then gain profits by
creating links between the websites because of the increased web traffic that would
result in increased revenue for the web developers [12].

The links between websites through the hyperlink was believed to be a represen-
tation of the financial and symbolic inter-organizational relationship of these organi-
zations [13]. There was a limited quorum of organizations that developed powerful
websites for being linked to other websites. A critical element of data mining is graph
mining. Recurring subgraphs in a given mix of graphs and relevant data sets were
determined using this method.

A vital role is also competed by this process in forming an efficient methodology
directed toward obtaining applicant subgraphs. In addition, it helps in classifying
subgroups and ensuring that the sets attained are effective and accurately computed.
The different procedures sometimes included in this method were examined in the
existing study, which emphasizes and elaborates on the issues involved [14]. Algo-
rithms were considered while assessing the categorization procedures with respect
to their search strategies or methods for counting frequencies [15].

2.4.3 Web Mining

Used to obtain a more extensive understanding of the support requirements of web-
and programs uses several techniques to identify usage patterns present in web data.
It comprises three key phases: pre-processing, pattern identification, and pattern
assessment [16]. While being used extensively in web, mining data has also grown
its use throughout the web. Through this method, an increased understanding of
existing information can be obtained, which can be applied more effectively to end
users.

This is why this kind of analysis has been employed by various organizations. In
contrast, some challenging questions have surfaced in regard to web mining, and it is
imperative to respond to thembefore formulating robust instruments [16]. There have
also been studies on the adoption of dataminingwith respect tomanagement systems,
and adaptive systems. Certain requirements exist with respect to the integration of
data mining within systems [17].
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2.5 Conclusion

Relevant methods need to be determined by hospitals to manage issues and ensure
the best possible care is offered to their patients. Overcrowding can compel care
providers to treat multiple patients at once and work longer hours, resulting in low-
quality services being provided to patients that do not fulfil their requirements.
It has been found that, in the healthcare sector, especially in emergency depart-
ments in less developed countries, improvements in quality measures and facilities
are extremely valuable in assessing the quality and effectiveness of the treatment
provided to patients.

Preparedness in a few studies carried out previously, the readiness of emer-
gency departments to manage a few of the healthcare issues often experienced by
researcher were examined. In contrast, healthcare professionals depend on manage-
ment systems, care provision techniques, and equipment to manage their patients. It
was suggested that the correct use of emergency services should be encouraged by
hospitals, which could reorganize patients in a way to attain positive health outcomes
a decrease in the number of individuals at the ED at any given point in time.
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Chapter 3
Decades Trend of Emergency
Department System Operations

Salman Ben Zayed , Abdullah Bin Gani , Hesham Fathy Gadelrab ,
and Mohd Khalit Bin Othman

Abstract Emergency services are meant to ensure the timely delivery of essen-
tial healthcare services to people using complex systems. If emergency services use
real-time patient information to select the most suitable emergency option, it will
allow the service provider to more quickly conduct a detailed physical examination
to diagnose the problem and to determine a treatment plan that will suit the patient.
Emergency departments offer various services and have several components that are
conducted under complex management. This study examined previous research on
engineering systems and the evaluation of the quality of healthcare systems. These
studies considered the level of patient satisfaction and investigated how healthcare
is influenced by operational management. The research also indicated that real-time
data are very helpful for mangers in emergency departments to help them make
appropriate decisions. This finding implies that patient satisfaction can be ensured
through the extraction of data about the issues related to proper, operational, and
effective management. Patient satisfaction and the quality of services and care deliv-
ered can be enhanced to improve the patient’s overall experience by using devel-
opment strategies and quality evaluation in EDs. The previous research conducted
on the management and processes of emergency departments was systematically
reviewed and classified. This study reviewed research conducted between 2000 and
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2019 to understand how emergency departments used processes, addressed issues,
and resolved issues when considering the patient in an ideal healthcare setting with
a high standard of operation management. Emergency services are significant for
everyone because anyone may need these services at any time. This study uses the
data from the last 20 years to investigate the methods employed during that time in
emergency department operations.

Keywords Emergency ·Management · Preparedness · Quality · Engineering ·
Healthcare and systematic review

3.1 Introduction

The introduction of new tools and performance evaluation systems in EDs in under-
developed countries resulted in a positive impact on the measurement of the quality
of care and services delivered to patients. In particular, the patient’s perspective is
considered in this kind of performance evaluation. The process of evaluating the
efficiency of the facilities and the services offered by an ED is complex, and there
is no specific theoretical formula for this evaluation. The supervising system and
functional strategies that serve as criteria for evaluating the efficiency of any ED’s
facilities are not presently implemented in developing and underdeveloped coun-
tries, which makes it difficult to evaluate the performance of ED facilities in these
countries. When considering technology, such countries can use factors that ensure
a high standard observational system for an emergency department as criteria for
evaluating emergency medical services.

The operational management of an emergency department is a complex job and
involves various complicated factors. Quick and immediate responses to patient
queries must be provided through effective strategies. The main prevailing issue
in EDs is the attentiveness of the emergency staff and the readiness of the processes,
which allow smooth operations and prevent prolonged waiting and overcrowding in
the case of catastrophic events. Overcrowding may also occur with higher casualties,
readmissions and when patients cannot see the doctor because of prolonged wait
times. Moreover, since all kinds of patients with minor to major illness come to the
emergency department, the patients must be categorized on the basis of the severity
of their condition so that the more serious patients can be treated first to prevent them
from being deprived of the timely services and care they need. The treatment process
involves a patient’s admission, examination by the doctor and provision of a suitable
treatment.

The available research was explored to detect the correspondence between the
search systems and data collection [1–3]. Emergency departments (EDs) impart
emergency services to patients in urgent need of care by providing acute, out-patient
care. The evaluation of the technologies used for care and services must be accom-
panied by a decision-analytic model. The hospitals must make efforts to introduce
and improve this technological analysis because it facilitates effective patient-staff
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interaction and regulates the procedures involved in patient care. As EDs operate
multiple systems and impart multiple services to patients, they may face numerous
issues; therefore, it is imperative to conduct system analyses. Althoughmathematical
models have been investigated by numerous studies in the context of healthcare, no
work has been conducted to investigate these models in the context of EDs, although
the mathematical models could help reduce prolonged wait times in the EDs.

3.2 Background

A critical element of the healthcare system is the emergency department (EDs).
EDs serve as a setting in which high-quality, instant care and services are offered
to patients by care providers. Typically, EDs face challenges, such as overcrowding
and lengthy wait times. These challenges are due to certain demand and supply-side
factors that have an impact on the ways in which patients are provided care in various
settings. Problems such as overcrowding and extensive wait times can be managed
by hospitals when there is adequate planning, staffing, and resource allotment and
effective patient management. Furthermore, the examination and assessment of the
effect and cost-effectiveness of different interventions and approaches used to address
the issues experienced at EDs can be facilitated by mathematical frameworks. It is
also important to perform additional evaluations to identify the technologies that can
be employed by hospitals to decrease waiting and overcrowding in their EDs.

A large amount of information and data on hospitals are available through the
emergency department or patient files, which can be reviewed to facilitate manage-
ment decision-making [1]. EDs are a critical element of the healthcare system [2].
Typically, these sub departments operate 24-h-a-day so that immediate treatment
and care can be offered to patients suffering from extremely critical conditions and
illnesses [3]. It is important to enhanceED resources and those of the entire healthcare
system.

3.3 Material and Methods

The systematic review employed the approaches mentioned in [1–3]. The review
starts with a systematic analysis of the research to classify the studies and create a
thematic assessment. The available literature is discussed in detail in this research.
The systematic approach presents the outline of the research area and the drawbacks
of the research [3]. The most recent sources of data are employed in this research.
This study is quite significant because it is focused on the standard of healthcare
and contributes to the present literature by investigating the concept of emergency
preparedness, system operations and services reengineering in the context of the ED,
which has not been previously explored.
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3.3.1 Research Questions (RQs)

The systematic review employed the approach in [1–3] to identify the problems faced
by operations of the ED system and gave rise to the following questions:

• RQ1: When and where was the research published?
• RQ2: What problems/objectives were addressed in the research?
• RQ3: Which methods were utilized in the ED operations research?
• RQ4: What measurements and KPIs were used?
• RQ5: What were the findings?
• RQ6: What are the shortcoming and deficiencies that were addressed?
• RQ7: What themes were introduced in the ED operations research?
• RQ8: How was the research categorized?

3.3.2 Search for Strings

Databases were searched with the help of international web trends based on the
following keywords: emergency department, emergency medical care, emergency
clinics, management, preparedness, quality, reengineering, and health care as shown
in Figs. 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, and 3.8. The search strings mentioned below
were obtained using the search strings:

• Set 1: Search terms related to research on EDs (i.e., emergency department,
healthcare).

• Set 2: Search terms related to strings (e.g., emergencymedical care and emergency
clinics).

• Set 3: Search terms related to themes (e.g., management, preparedness, quality,
reengineering).

The keywords were divided into different groups based on the research questions.
Table 3.1 shows all of the search strings that were searched in the databases. This

Fig. 3.1 Comparison of EDs three strings worldwide by time
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Fig. 3.2 Comparison of EDs three strings worldwide by region

Fig. 3.3 Worldwide trend of EDs other search strings by time

study was classified based on the time it was mined (i.e., from 2018 to 2019). The
search results obtained from each database are shown in Table 3.1.

3.3.3 Search for Primary Studies

The search for primary studies was conducted in the following databases. These
databases were chosen because they are comprehensive and contain millions of
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Fig. 3.4 Emergency management worldwide trend by region

Fig. 3.5 Emergency preparedness worldwide trend by region
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Fig. 3.6 Emergency quality worldwide trend by region

Fig. 3.7 Emergency reengineering worldwide trend by region

publications, especially those related to EDs, engineering, and computer science.
Moreover, these databases are user friendly and have advanced search features e.g.,
IEEE Xplore, ABI Inform, Google Scholar, etc.
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Fig. 3.8 Health care worldwide trend by region

Table 3.1 Search strings

Database Search strings

1 (Emergency Department OR Emergency Medical Care OR Emergency Clinics) AND
(Emergency Management OR healthcare) AND (Emergency Preparedness OR
healthcare) AND (Emergency Quality OR healthcare) AND (Emergency
Reengineering OR healthcare)

2 (Emergency Department OR Emergency Medical Care OR Emergency Clinics) AND
(Emergency Management OR healthcare) AND (Emergency Preparedness OR
healthcare) AND (Emergency Quality OR healthcare) AND (Emergency
Reengineering OR healthcare)

3 (Emergency Department OR Emergency Medical Care OR Emergency Clinics) AND
(Emergency Management OR healthcare) AND (Emergency Preparedness OR
healthcare) AND (Emergency Quality OR healthcare) AND (Emergency
Reengineering OR healthcare)

Table 3.2 Primary studies Search results Date

Databases 631,957 2000–2019
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Fig. 3.9 Study selections process

3.3.4 Study Selections

Figure 3.9 shows that some of the studies were not considered in our study because
of certain characteristics of the database. The studies were mainly selected based
on their relevance and citations. The studies that did not include proper references
or citations were not included. In addition to references, the studies were selected
based on the following features: the study must be related to the management, the
ED and attentiveness of the ED staff and services, and the quality of healthcare;
the study must consider reengineering and healthcare associated with Eds; and the
study must have been conducted between 2000 and 2019. Moreover, the selected
studies were evaluated and excluded because of the following features: the study
did not meet the criteria of full text; the study was not reviewed; the study was a
duplicate study, and the study was in a language other than English. Figure 3.9 shows
the quantity of the studies that were selected for inclusion and exclusion from the
database search. Moreover, Table 3.3 represents the model for studies that required
further data extraction for research.

3.3.5 Data Mining

The data obtained was used to present the model given in [1–3]. Table 3.3 shows
that the model was customized according to the research requirements. The factors
are shown in the table along with their corresponding quantity. One of the experts
extracted the data while two others reviewed the data to ensure the validity and
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Table 3.3 Data mining table

Item RQ result RQ

Study ID Number Coding

Author name Name(s) Reference

Year of publication Calendar year RQ3

Country Location of research RQ3

Objective/problem Problem or objective of research RQ2

Method Method used RQ3

Measurements/KPIs Items used or measured RQ4

Findings/conclusions Result of research RQ5

Shortcoming/deficiency Limitation of research RQ6

Venue Journal name RQ7 and RQ8

standard of the mined data. Moreover, another expert evaluated the data for further
verification.

3.3.6 Verification and Validation

The data collection procedure followed in this research was highly objective. This
data collection method ensures greater validity of the data compared to the quantita-
tive analysismethod. The data obtainedwere recorded in a data-collection Tables 3.1,
3.2 and 3.3 to support the data and to ensure greater validity of data, since tables can
be reviewed to evaluating the extracted data. The risk to data validity was reduced
to a significant extent due to the involvement of three experts who independently
reviewed the data to prevent any risk of invalidation [2]. Therefore, the collected
data were found to be accurate and objective with an insignificant degree of risk
[1–3].

3.4 Results

In this review, the approaches in [1–3] were used to identify the issues encountered
in ED systems operations. Based on these issues, eight research questions were
developed.
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3.4.1 When and Where Were the Research Published

Several journals that were issued between 2000 and 2019 were included in each
database. The earliest study was published in 1998. The importance of this field
peaked in 2013 and significantly declined afterwards. The present study considered
only peer-reviewed journals, materials, and conferences that answered the research
question. The volume of the articles is shown in Fig. 3.10, when researches were
published in Fig. 3.11 and where shown in Figs. 3.12 and 3.13. Studies on engi-

Fig. 3.10 Number of EDs studies per year

Fig. 3.11 When EDs studies were published
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Fig. 3.12 Where EDs studies were published

Fig. 3.13 Venue of EDs publications

neering, simulation and process management constituted only 9.92% of the total
studies on EDs published from 1998 to 2018.

3.4.2 What Issues Were Addressed in the Research

The current hospital systems need to be removed and replaced with new systems. Not
only the systems but also the hospitals themselves, which can be considered systems
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Table 3.4 EDs problems

Issue addressed References

Cost of quality [41, 83, 87, 109, 111, 112, 133, 137]

Medical data [41, 44, 51, 67, 89, 126, 130, 139]

Service improvement [9, 12, 30, 38, 41, 81, 90, 96, 106, 112, 128]

Overcrowding [26, 27, 51, 57, 58, 125, 144, 145, 148]

Management [4, 6, 16, 49, 86, 89, 95, 141]

High number of visit [24, 51, 57, 102, 119, 127, 131, 147]

Waiting time [5, 9, 12, 19, 27, 48, 113, 126]

Collective skills [25, 45, 56, 67, 106, 151]

that included separate parts, especially emergency departments, need to be replaced.
The issues that arise include the cost of quality, medical data, service improve-
ment, overcrowding, management, high number of visits, wait times and collective
skills. Experts are needed to research, explore, and investigate these problems and to
improve the processes of service to create a better mechanism and medical reform
for each part (Table 3.4).

3.4.3 Methods Were Utilized in ED Operations Research

The data analysis is capable of producing a model that handling services, improves
organization, and influences new healthcare. The various number of studies used
different approaches that focused not only on patients but also on the healthcare
workforce. Various research tools have been utilized mainly including surveys, inter-
views, observation checklists, questionnaires, and literature reviews. The data used
in the studies were either primary or secondary data. The methodologies include
analyzing the empirical data, meta-analysis, and simulation. The statistical models
utilized include mainly linear regression, logistic regression, correlation, and mean
differences.

3.4.4 What Measurements and KPIs Were Used?

Many ED studies tend to measure a wide range of factors in the context of health
care within emergency departments. The main key points researchers focus on are
health care quality versus the cost of the medical service provided by the system,
time spent serving the patient, patient satisfaction, patient length of stay, clinical
information, health care services provided to patients, accessibility of the health care
system, performance of the health care providers such as physicians.
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Table 3.5 EDs data types Data type References

Primary [10, 146]

Secondary [9, 14, 43, 142, 148, 153]

Table 3.6 EDs studies types

Studies type References

Empirical [35, 38, 62]

Observation [6, 10, 12, 20, 34, 38, 52, 63, 107, 116, 133, 136, 151]

Simulation [2, 3, 7, 17, 23, 37, 87, 125, 132, 135, 154]

Case study [9, 89, 151]

3.4.5 What Were the Findings

Quality care is a vital initiative that must be pursued by healthcare providers to affect
the high number of visits and the time of services. The implementation of these
targeted processes using simulation data to build a significant system will improve
services and increase satisfaction for both providers and patients. Therefore, this
approach will result in low cost but quality care and an effective emergency system
where optimal decisions are made. General findings can be found by looking at
Tables 3.5, 3.6, 3.7, 3.8, 3.9, 3.10 and 3.11.

3.4.6 Shortcoming and Deficiencies that Were Addressed

One of the major limitations of ED systems is the availability of accurate data and
research. A weak analysis and the wrong tools for analysis will lead to large amounts
of incorrect decisions. Errors can be divided into human errors and systems errors.
Another issue is data collection duringED research.Very few studies have considered
patient characteristics and demographics in their decisions. Observations that are
connected and investigations that result in strong evidence provide better information,
a strong model and useful information that is exclusive to the ED system. Another
deficiency in EDs is traffic including volume, emissions, and noise. A significant
number of patients suffer from traffic congestion during their transportation to EDs.

3.4.7 Themes Were Introduced in the ED Operations
Research

The classification of themes as shown in Fig. 3.14 shows that there is a general gap
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Table 3.8 EDs analysis types

Analysis type References

Meta-analysis [33, 35, 36, 59, 60, 64, 66, 80, 85, 93–95, 97],

Correlation [27, 109, 111, 114, 129, 130]

Linear/nonlinear regression [1, 26, 31, 57, 77, 100, 112, 118]

Logistic/multinomial regression [32, 34, 132, 152]

Mean differences [34, 73, 112, 152]

in the knowledge about organizational behavior, performance, and quality of service
in healthcare, especially in EDs. A more specific gap is introduced in Fig. 3.15.

3.4.8 How Was the Research Categorized

The volume of all of the studies in this field from 2000–2019 were classified based
on venue type, and no dissertations, theses or books were introduced as shown in
Figs. 3.16 and 3.17.

3.5 Discussion

The trends of the problems that have existed in healthcare emergency system opera-
tions for the past decades include the cost of quality, medical data, service improve-
ment, overcrowding, management, high number of visits, wait times and collective
skills.

3.5.1 Emergency System Problems

3.5.1.1 Cost of Quality

The task of improving the efficiency of an elderly patient’s treatment is a significant
research problem [83]. The Medicare Essential program is presented to improve the
effectiveness and efficiency of services [87] and reduce costs. There is a wide vari-
ation in admission rates for U.S. hospitalizations due to variations in effectiveness
[109]. The Medicare agencies are asked to determine whether for-profit home health
agencies aremore effective than nonprofit home health agencies [111]. The prices for
health care services vary significantly across different hospitals, and experts deter-
mine the likelihood of a patients’ choice of a lower-price facility based on whether
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Table 3.10 EDs expected results

Expected result References

Quality care [8, 33, 36, 38, 41, 55, 59, 76, 84, 132]

Process simulation [2, 10, 17, 23, 99, 125, 141]

Good decisions [43, 58, 65, 69, 80, 98, 108]

Savings [37, 58, 69, 101]

Improved service [2, 12, 55, 76]

Better experience [49, 53, 77, 86, 94, 126, 141]

Table 3.11 EDs shortcoming/deficiency types

Shortcomings and deficiencies References

Data availability [11–13, 20, 31, 34, 48, 71, 125]

Errors [21, 22, 48, 54, 55, 71, 111, 117]

Assumptions e.g., Traffic [26, 35, 52, 56, 61, 67, 93, 97, 114, 135, 149]

Cost [37, 41, 69, 111]

Fig. 3.14 Classifications of EDs studies by themes/subjects before study

or not they are aware of the alternatives [112]. The implementation of a readmis-
sion reduction program would cause significant financial penalties for hospitals that
do not meet the requirements, and policy makers are considering an expansion and
modification of the readmission reduction program [133]. The health care industry
is facing increasingly complex challenges, such as new regulatory requirements.
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Fig. 3.15 Classifications of EDs studies by themes/subjects after study

Fig. 3.16 Classifications of EDs studies by source before study

Fig. 3.17 Classifications of
EDs studies by source after
study
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3.5.1.2 Medical Data

The clinical information about patients in a facility is vital to increase the quality
of healthcare services, especially in the EDs of hospitals [41]. The major issue that
was helpful in the data collection, storage, analysis and near real-time availability
of the ED was an improvement in the methods for recording data in health care
facilities where technology was lacking [44]. It is necessary to pay more attention to
the problem of an administration’s effectiveness [89].

3.5.1.3 Service Improvement

The quality of an ambulance service is related to the wait time as determined by the
possibility of all ambulances being busy [9]. It is necessary to address reducing the
patient wait times and enhancing the overall system throughput and service delivery
at this stage [12]. Bed capacity at hospitals in the U.S. is at a premium and improving
of service capacity is more feasible than increasing the physical capacity to respond
to increasing patient volumes [30]. The issue of controlling costs under new reforms
still has not yet been studied in detail [41]. Problem of measuring the throughput of
services is traditionally considered to be a complicated issue [81].

3.5.1.4 Overcrowding

Overcrowding is a challenge for hospitals and requires strategic tools [26]. A
contributing factor to the challenge of overcrowding and increased wait times in
the ED is created [27]. Overcrowding in some hospitals and longer wait times for
minor andmajor issues has increased by32%from1999–2009 [51],with unnecessary
visits being one factor [57]. A substantial part of Medicare beneficiaries could have
reduced the overcrowding of emergency departments [58]. Overcrowding, particu-
larly in the late afternoon, is made worse by the ED’s lack of ability to move patients
who need to be admitted due to lack of inpatient beds [125]. Emergency department
operations are becoming outdated due to overcrowding, and new communication
methods should be used to advance the system [144]. Overcrowding in EDs affects
the quality of care [145], and therefore, resolving the issue of overcrowding in the
emergency department and the imbalance between the need for emergency care and
the available resources requires an evaluation of the triage process [148].

3.5.1.5 Management

The Saudi national guidelines provide a comparison of the recorded management of
acute bronchial asthma in the ER [4] for example. The UK is searching for a way to
improve operation processes in hospitals, and there is substantial pressure to provide
processes to improve the system that will be cost effective [6]. Spanish hospitals
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concentrate on shift management [16]. Simulations create a decision support system
for EDs that help the heads of EDs establish management guidelines that improve
their operations [49]. It is of critical importance to find a way to develop mechanisms
ofmanagement that would simultaneously focus on effectiveness and efficiency, with
more attention being paid to the problem of the administration’s effectiveness [89].
It has been proven that patient engagement in decision-making, self-management
and prevention activities improves health outcomes [95]. Effective management of
health care in the U.S. is critically dependent on effective management [141].

3.5.1.6 High Number of Visits

In the U.S., at the hospital-level, the ED performance on visit length and wait time
are major issues [24]. The number of visits to the ED increased by 32% from 1999–
2009. Some of these increases in ED visits led to ED overcrowding and longer wait
times [51]. Many frequent emergency department users do not have any serious
diseases except for mental illness; however, they contribute to ED overcrowding by
making unnecessary visits [57]. The New Mexico Health Information Collaborative
is a newly invented e-porting project, which will collect a wider array of information
about all ED visits in a timely manner in an effort to make changes in authority,
mechanisms, design, and approach [102]. Over the past two decades, the number of
visits to EDs has increased. However, ED visits for some conditions have decreased
while others have demonstrated varying patterns [127], and this presents barriers to
assessing primary care [131]. Furthermore, patients return to the ED for more, visits
and, hence, there is need to solve this problem [147].

3.5.1.7 Waiting Time

The risk and suffering this are faced by patients while waiting in line needs to be
modeled, and changes in the patient’s condition while the patient waits need to be
considered [5]. Ambulance services have drawn substantial attention in operations
research, and a vital aspect of the ambulance service is the wait time [9]. A reduction
of patient wait times can enhance the overall system throughput and service delivery
[12]. Numerous effects on ED wait time, boarding, and treatment times have been
shown across multiple acuity groups and sites [19]. The growing public demand for
ED services contributes the challenge of increased wait times in the ED [27]. The ED
is considered the front door of the hospital and wait times and inpatient experiences
create the perceptions of patients regarding the ED [126].

3.5.1.8 Collective Skills

Expressing collective skills as a mathematical model that can allow emulation of the
behavior of the facilities and workforce and its components, shape the optimization
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when a problem is faced and satisfy various requirements is required [25]. There
is an effort regarding the effectiveness of teaching emergency medicine in terms
of skills, knowledge, and attitudes outside the clinical environment [45]. Numerous
reports show that emergencydepartments in theU.S. experience problems concerning
behavioral disorders [56]. There is a shortage of studies that evaluate the influence
of behavior [67]. A powerful driver of significant improvements in the field of health
outcomes is the improvement of behavioral health conditions [106]. One of the most
well-known mechanisms of achieving a reliable environment in which all workers
look for, and report, small problems or unsafe conditions before those issues pose a
substantial risk to the organization is seeking zero defects in outcomes quality and
achieving high reliability [140], which are resilience skills [151].

3.5.2 Emergency System Tools

The tools used to research trends in the past decades in healthcare emergency system
operations are primary and secondary data in the form of empirical, national, obser-
vation, case study and simulation research. Primary data are data that are collected
(data that are collected by a researcher from first-hand sources) through observa-
tions [6], surveys [146], or other sources. Although most studies did not specifically
mention that their source of data was primary, it could be inferred from the research
tool used such as those listed in the research tools in the previous paragraph except for
the literature reviews. In contrast, some studies used secondary data (data gathered
from studies, surveys, or experiments that have been examined by other people or
for other research) which include reviewing what other researchers have published
about the same issue [9, 14], collecting data from a specific database [43], gathering
information about patients who visited the emergency department from health record
reviews [148], and collecting data from papers selected using a specific criteria [153].

3.5.3 Emergency System Approaches

The approaches used to track the trends in the past decades in healthcare
emergency system operations are interviews, surveys, reviews of literature, and
analyses carried out using meta-analysis, correlation, linear/nonlinear regression,
logistic/multinomial regression, and mean differences.

In addition to empirical data [35, 38, 62],meta-analysiswas used as amethodology
for various aims including the calculation of adjusted medical costs [33], determi-
nation of the process needed for transformation of the U.S. emergency care system
[59], description of the regionalized trauma system, determination of the effective-
ness of and provision of recommendations regarding the further development of the
emergency health care system [60], or other purposes [93, 94, 97].
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Computer simulation is one of the most widely used methods of evaluating,
improving, and optimizing many types of processes because it is an imitation of
an actual process over time [2]. System simulation is used in estimation of the target
function and optimization to calculate and authenticate the optimal configuration
of servers [3]. In addition, the simulation model is employed to test various process
scenarios, assign resources, and complete activity-based cost analysis [7]. Simulation
is also integrated with optimization to establish the optimal number of nurses, lab
technicians, and doctors needed to reduce patient time in the system and maximize
patient throughput [23].

The simulation model is used to study ED operations [125]. Some studies also
simulate an existing ED system after collecting actual data from the system [154].
Finally, the case study methodology was rarely used with a Chilean ambulance firm
[9] and with the EDs of two university hospitals in the United States and Brazil [151].
In most cases, various types of regression were used in analyzing the data. Linear
regressionwasmainly used to assess goodness-of-fit [1], to predict a specific outcome
[31, 57] [77], to estimate a specific outcome [100], and to assess the influence of a
specific factor on the outcome, the influence of an insurer-initiated price transparency
program on costs per unit [112], and the influence of comments on patients’ intention
to recommend the specific hospital and their rating [118].

Moreover, a nonlinear regression model was rarely used [26]. Logistic regression
[32, 34, 132] was used when the outcome variable was dichotomous, and multi-
nomial regression [152] was used when the outcome variable was polytomous. A
correlational analysis was used to assess the relationship between the variation in
admission rates and national health expenditures [109], among the main cost vari-
ables of health care services [111], external consultants, system managers and the
hospital team [114], between time and cost [129], and between community health
centers and the Medicaid program using patient and insurance data [130]. The mean
differences using t-tests [73] or other statistical tests [34, 112, 152] were also used in
analyzing ED data. The type of factors included wait time, cost, registration process,
number of visits and other medicals processes.

3.5.4 Emergency System KPIs

Theemergency systemKPI trends of the past decades in healthcare emergency system
operations are health care quality, medical cost, services’ processing time, satisfac-
tion, length of stay, efficiency of ED services, access of heath care, performance,
admission, and demographic characteristics.

3.5.4.1 Emergency System Quality

Health care quality was a main theme that researchers intended to measure. Health
care quality was operationalized in terms of various variables such as quality and
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the type of processes and outputs involved in the health care system [8, 55], quality
of the processes of service [18, 28], quality of care [33, 36, 41, 65, 77, 84, 85,
95, 108], clinical quality [34, 89], quality of teamwork [36], changes in health care
quality [38], quality ofmedical services [61], quality of care delivery [88],medication
administration quality [89], quality of behavioral health care [106], quality of plans
[136], and service quality [139].

3.5.4.2 Emergency Medical Service Cost

The many issues related to cost were the main concern in ED research and included
minimum cost configuration of servers that satisfy the user [3], overall medical costs
[33, 35, 63, 111, 129], health care costs [98, 106, 107, 109, 139, 140], medical
and pharmacy costs [34], cost savings [37, 52, 58], costs of care [41, 54, 69, 84],
acute injury costs [69], ED costs [76], cost per beneficiary [88], out-of-pocket costs
for health services [97], treatment costs [108], patient costs [100], benefit costs
[111], cost per discharged patient [129], healthcare cost and utilization [133], cost
of overtime [149], cost of increasing one-unit capacity in hospital [149], and cost of
income of accepted patients [149].

3.5.4.3 Emergency Services Processing Time

Researcherswere also concernedwithmeasuring the time ofmedical service delivery
including process time [7], time of initial registration at the ED, time until placed
into an ED treatment bed, time of hospital bed request, time of discharge from the
ED facility [15], cycle time [17], treatment and boarding time [19, 20], wait time
[24, 27, 44, 51, 117, 126, 144], time to transfer a patient to a medical facility [116],
time of assessment by nurse, time of assessment by doctor, consultation time, time
of arrival to a specific area, time of arrival to a consulted specialty, time of laboratory
investigation, time of radiological investigation, time of final disposition and time of
physical disposition [120], doctor-patient contact time, delay time for lab results and
doctor-patient contact, interarrival time and time spent at registration counter [122],
processing time [145], time of triage [148], and cost of overtime [149].

3.5.4.4 Emergency Patients Output Feedback

Patient output feedback includes a patient’s satisfaction [54, 77, 107, 108, 113, 115],
the staff’s satisfaction of hard and soft constraints imposed by the monthly schedule
[16], and the staff’s satisfaction in general [76, 107].
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3.5.4.5 Emergency Patients Length of Stay

Researchers were also concerned with the length of stay and queuing times for
patients with both minor and major illnesses [6], length of patient stay in the ED [49,
52, 78, 114, 145, 148], length of queues [154], and visit length [24].

3.5.4.6 Emergency Services Efficiency

Measuring the efficiency of ED services provided to patients was an issue for some
studies and included the effect of staffing levels on service efficiency [23], the effi-
ciency of heath care services [113], the efficiency that reduces health care costs [139],
and the ED efficiency [144].

3.5.4.7 Emergency Access of Services

A few studies aimed to measure a critical variable, such as accessibility of ED health
care, which included access to behavioral health care [106, 116], access blocks [114]
or barriers [115], and geographic access [136].

3.5.4.8 Emergency Services Performance

Some studies developed measures or indicators of performance in ED service
including “output” performancemeasures such as daily work hours, personnel shifts,
and lunch breaks [2], performance monitoring [10], physicians’ performance on care
quality [41], overall hospital performance [62], and indicators of work performance
[142] such as the mean busy period [150].

3.5.4.9 Emergency Admission

Another important issue that attracted the attention of some studies was hospital
admission. The studies in ED research were interested in measuring the impact of
delayed admission [6], hospital admission [107] and readmission rates [34, 133, 140]
and the probability of subsequent inpatient admission [52], ED admission rate [102,
119, 124, 125] and risk-standardized admission rates [109].

3.5.4.10 Demographic Characteristics

Demographic characteristics were also measured in order to test their relation-
ship with factors involved in ED research including demographic characteristics
of frequent ED users [11, 57, 127], demographic traits and ages of people who died
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from unintentional drowning [123], relationship between demographic characteris-
tics and occupancy ratio, emergency department occupancy, length of stay, time of
triage [148], and relation between demographic characteristics and specific vulnera-
bility conditions, such as drug and alcohol abuse, psychological distress and chronic
conditions [152].

3.5.5 Emergency System Expected Results

The results of the trends of the past decades in healthcare emergency system oper-
ations include quality care, process simulation, well decisions, savings, improved
services, and better experience.

3.5.5.1 Quality Care

The use of new technology would improve quality management with regards to
processes and would be improved by enhancing staff ownership [8]. A collaborative
accountable care initiative may improve the quality of care and decrease medical
costs [33]. Teamwork in hospitals and health organizations would be an effective
and efficient instrument to improve [36] the time for problem solving [38]. New
payment incentives might be useful for ensuring better performance [41]. Integrated
networks of emergency care have a potential to significantly increase the level of
patient satisfaction and to improve the quality of services [55]. Quality of service
and readiness for disasters do notmeet theU.S. national requirements [59].Modeling
has a potential to improve service quality and reduce costs [76]. Customized infor-
mation technology is a promising instrument to improve the quality and costs of care
for seniors with multiple conditions [84]. The staff’s insufficient knowledge and lack
of understanding, along with low-quality training, were the main reasons blocking
improvement [99]. Defining standards to promote quality improvement and identi-
fying and removing any existing elements of quality measures that tend to increase
the likelihood of patient behavior change could be helpful [132].

3.5.5.2 Process Simulation

Simulation modeling can allow several alternatives to be considered before any
resources, especially human, are expended, and a simulation model imitates a
system’s behavior, which is referred to as “baselining.” Simulation modeling evalu-
ates possible changes in the system’s structure, environment, or underlying assump-
tions in the form of a “what-if analysis” [2]. It is clear that a simulation model is a
very effective method for identifying solutions to resource levels [10]. A simulation
of different scenarios of EDpatient flow led to the acknowledgment that EDdiversion
could result in discharge of patient one hour earlier [17]. The optimization simulation
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model yields optimal staffing allocation that would facilitate an average reduction
of 40% of patient wait time and a 28% increase in patient throughput [27]. Simu-
lation tools have not been widely implemented [99]. Dynamic behavior in the ED
can be acceptably modeled through simulation [125]. A greater use of the processes
positively influences patient experience and the quality of health care [141].

3.5.5.3 Optimal Decisions

Real time information can also be used to determine where to build a health care
facility and to determine the density of these facilities in each area [43]. Good deci-
sions can reduce expenses by millions of dollars annually [58]. There is universal
pattern that would explain the connection between a decision and the analysis of
the unique features of each situation in healthcare [65]. It is crucial to develop
field triangle guidelines that would prevent EDs from transporting low risk injured
patients, and this decision could save millions of dollars annually in the U.S. health-
care system [69]. Other factors influence decisions, such as delays in payments [80],
shared decision-making tends to reduce medical costs [98]. A logical decision in
the U.S. health care system was developed, and a model demonstrated its extreme
effectiveness in ensuring a higher quality of care, in lowering treatment costs and
creating a higher level of patient satisfaction [108].

3.5.5.4 Savings

Hospital observation units are very promising when considering how to reduce costs;
in all U.S. hospitals the unit has generated $1572 cost savings per patient [37].
The expected savings in Medicare is approximately $283–$560 million annually
in the U.S. healthcare system if the guidelines are followed. It has been proven
that the decision to prevent EDs from transporting low risk injured patients saves
approximately $136.7 million annually in the U.S. healthcare system [69]. Mobile
clinics have the potential to lead to significant cost savings [101].

3.5.5.5 Improved Processes

Healthcare is a dynamic service industry with high human involvement [2]. Shorter
wait times increase the service level [12]. An increase in the level of patient satis-
faction improves the quality of services [55]. Quality assurance has been proven to
have the most effective potential to improve service quality and reduce costs [76].
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3.5.5.6 Better Experience

The more experienced and the greater number of ED staff, the less the mean length
of stay for a patient is [49]. The positive experience of Japan may be useful for the
U.S. health response system [53]. A strong commitment to the community implies
a high level of patient experience of care [77]. Patient outcomes can be improved by
telephone-based coaching services [86]. Patient engagement has a positive impact on
both health outcomes and care experiences [94]. There are important relationships
that exist between a favorable ED experience and a favorable inpatient experience
[126]. The patient experience is positively influenced by greater use of the process
analysis [141].

3.5.6 Emergency System Deficiency and Shortcoming

The deficiency and shortcomings of the trends of the past decades in healthcare
emergency system operations are data availability, errors, traffic conclusions and
cost.

3.5.6.1 Data Availability

The data set did not have a chief diagnosis or complaint, which made it difficult to
adequately assess the reasons for patient visits. Nevertheless, it is also impossible to
generalize the data from one hospital to other hospitals [11]. The data were collected
over the summer which made it difficult to generalize the data to other seasons [12].
The database limited the ability of the researchers to extrapolate national estimates
about the subgroups of interest that are reliable [13]. A substantial amount of data
was required in order to make a good estimate of the input values [20]. The data
were self-reported by patients, [31] and the risk of multiple biases was significant
[34]. The searching tools that were used in the business and engineering databases
were not as detailed [48]. The data sets do not exclusively contain information about
hospitals [71], and there was a limited amount of data available [125].

3.5.6.2 Errors

The inaccurate data that were due to estimation may lead to inaccurate results and,
therefore, errors [21]. Software limitations led to problems in weighting the medial
wait time results [22]. The databases were not as detailed [48], and there was a risk
of transforming the databases’ errors and other scholars’ biases into the eventual
conclusions [54]. There were many errors and limitations from other sources [55].
There was a potential inconsistency between the data sets [71]. Many agencies may
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have misreported some of their quality parameters [111]. A single source of data
may contain errors [117].

3.5.6.3 Desistance

The conclusions require confirmation, [35] but the conclusions regarding the extreme
effectiveness should be verified [52]. Emergency departments can improve their
services, but studies that support the conclusions about behavioral disorders and
other parameters are required [56].

3.5.6.4 Cost

The costingmethodwas employed for calculating savings [37]. There was a potential
correlation between the variation in cost and the quality of physicians’ performance
that provided higher-quality care [41]. It is necessary to conduct a cost-effectiveness
analysis [69], as there are some errors in many of the cost reports [111].

3.6 Conclusion

In conclusion, the issues faced by EDs can be resolved if the cost of quality is
controlled and managed effectively, and patient data are recorded appropriately.
Moreover, the managers in EDs are expected to prevent overcrowding and prolonged
wait times by managing the patient visits and exploiting the skills and expertise of
the staff. The managers must obtain primary and secondary data through interviews,
surveys, and literature reviews and by conducting research at the clinical and national
levels. The managers must interpret and process the data through meta-analysis and
must be capable of noting similarities, disparities and weaknesses of the wait time,
process of patient registration, costs, patient visits, and other aspects.

TheEDmanager is expected to conduct interviews, assessments, literature reviews
and meta-analysis, and determine the correlation, various types of regression and
average differences in order to investigate aspects such as wait times, the process of
patient registration, costs, number of visits and others. The ED manager must pay
attention to the standard of healthcare services, cost of treatment, time consumed by
services, patient satisfaction, length of stay, quality of performance of the ED, access
to health care, patient admission, and demographics. The effectiveness of healthcare
services can be ensured if the manager prevents assumptions, biased conclusions,
single step data collection, employment of meta-analysis for primary data-analysis,
data collection from particular sources of data, employing a costly system and data
recording errors as in case of self-reporting patients.
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3.7 Future Work

The expertise and skills of the personnel involved in healthcare provision can
be explored by conducting multilabel studies [2]. Emergency departments need a
management [3] that provides leadership [2] to the employees that facilitates smooth
operations in EDs. The management of the ED must ensure that the quality of the
care and services is improved and revised with time [3]. Research regarding the
performance appraisal of emergency systems and that ensures that the practice of
obtaining real-time patient data in EDs is continued is necessary. Future studies must
evaluate the performance of emergency departments in the context of a the demo-
graphic features of patients, the shift of a patient through the ambulance, the time
acquired by the ED to provide for patient needs and evaluation of EDs processing
time by simulation.
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Chapter 4
Ambulance Transfer and Emergency
Department Processing: Modelling
and Simulation

Salman Ben Zayed , Abdullah Bin Gani , Hesham Gadelrab,
and Mohd Khalit Bin Othman

Abstract Emergency services aim to use complex systems to ensure the provi-
sion of fundamental healthcare services to the patient at the appropriate time.
Patients approaching the emergency department are examined in detail by healthcare
providers. The care providers aim to obtain real-time data about the patients to detect
the issues and quickly decide the appropriate treatment plan. Emergency Depart-
ments (EDs) are run by complex management systems and render diverse healthcare
services. The assessment of the service quality in the emergency departments has
improved significantly with the development of tools and systems of performance
assessment in underdeveloped countries. These assessments are based on the views
of the patients. In this context, the aim of this study was to formulate a highly sensi-
tive assessment tool that is appropriate for simulation experiments. This assessment
tool was validated and had a kappa value of 0.763 and a Cronbach’s alpha value of
0.827. The use of this tool for the assessment of healthcare standards resulted in the
collection of valid and reliable data. The probability density distribution was used
to check the accuracy of the results of the simulation experiment data, and all data
adequately followed a normal distribution. Furthermore, 90% of the simulated cases
were found to be within the optimal range.
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Keywords Emergency department · Simulation · Waiting time · Modelling ·
Patients · Utilization · Ambulance transfer · Emergency and services

4.1 Introduction

It is imperative to adopt improvement strategies and to evaluate the quality of services
rendered to patients in medical centres or hospitals, particularly in the emergency
departments, to enhance the satisfaction of patients and the quality ofmedical services
provided to them. The evaluation of a medical technology must be supported with a
logical model. Such a system of technology evaluation must be modified frequently
because the association between the patient, the care provider and the systems of care
in hospitals are in need ofmodeling systems.Moreover, the complexity of emergency
departments and the diverse issues associated with emergency departments call for
system evaluation. The principal objective of the Saudi Vision 2030 program is to
ensure the availability of effective and high-standard healthcare to Saudi Arabian
citizens. This program aims to enhance the performance and outcomes of healthcare
services and to ensure the availability of these healthcare services to all citizens. The
ultimate goal behind these activities is the enhancement of the standard of medical
services rendered to patients.

These improvements have a direct and long-term impact on the optimization of ED
resources and cost savings. Emergency departments can plan the establishment and
functioning of such systems by implementing statistical modeling strategies. This
also enables the emergency department to practically apply such systems. Emergency
departments render healthcare services to the majority of patients despite the limited
resources available in the emergency department. The performance of EDs may be
evaluated on the basis of resource management, patient arrival and discharge, and
waiting period duration. ED management involves a number of complex aspects.
The performance assessment of healthcare technology demands a logical decision-
making system. Such a system must be modified frequently because the association
among the patient, the care provider, and the systems of care in hospitals are in need
of modeling systems.

4.2 Background

A simulationmodel is imperative for the detection of real-life issues related to patient
influx and discharge as well as the irregular optimization of resources in emer-
gency departments. The data are obtained through direct sampling, patient history,
hospital records, and observation. Resource optimization and waiting period reduc-
tion were the basic objectives behind the implementation of the simulation method.
This process involved the execution of cost analysis and the adoption of appropriate
strategies [1].



4.2 Background 65

The consequences of the alterations in a system or process can be evaluated
with the help of simulation models [2]. The basic aims of using these simulation
models include testing the system’s performance in different circumstances, opti-
mizing resource allocation, and analyzing the entire cost profile. The simulation
models provide a thorough explanation and analysis of the problem of overcrowding
in emergency departments [3].

The optimization simulation model enables the hospital to make optimum use
of its existing resources and staff to enhance the quality of healthcare rendered to
patients by reducing the averagewaiting period of the patients by 40% and improving
the patient flow by 28% [4]. The simulations are capable of efficiently modeling the
active environment of emergency departments, which involves various procedures
and practices specifically related to the emergency departments [5]. The simulation
modeling system is imperative for the evaluation and management of the stability of
patient care quality [6].

The simulation determines the optimum combination of the healthcare staff
and evaluates the impact of this combination by merging field surveys, simula-
tion processes, the optimization of resources and the identification of objectives [7].
Currently, basic simulation systems can be accessed easily from the market and can
be directly implemented for basic applications and rearranged for complex appli-
cations [7]. The appropriate combinations of simulation, concentration, memory,
human resources, power, and other resources at a specific time can help manage a
specific crisis [8].

The predictions about the overcrowding in emergency departments and the real
results showed high disparity, which declined gradually up to 8 h in the future,
while the disparity between the predicted and real ambulance diversion was found
to be high and was maintained at this level in the future [9]. The model inputs were
identified as the equipment’s and facilities, staff allocation, and electronic record of
patient information, tracking records, and comprehensive reconsideration of the ED
registers [10]. This implies the significance of the simulation model for addressing
the issues related to resource allocation and utilization in healthcare institutes to
prevent bothersome and tiring waiting periods [11].

The evaluation, enhancement and optimization of healthcare systems are exten-
sively performed with the help of computer simulation since this approach involves
the representation of the systems, staff interviews and patient information [12]. In the
context of operational research modeling, the highly recognized content available in
the literature concerns the modeling of simulations with the help of Scenario Gener-
ator [13]. Various factors related to patient care in emergency departments must be
considered, which indicates the need to reflect on hospital management, particularly
ED management, facilities and equipment in the ED and hospital building, patient
data, details about patients’ relatives, the areas of the hospital that lead to the emer-
gency department and the waiting areas that must not be overcrowded, particularly
in situations when the patient influx is high [14].
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4.3 Material and Methods

A questionnaire was adopted from [15] to develop an instrument that was completely
modified to fit the simulation experiment. The instrument was logically and statisti-
cally validated after modifications; a series of questions to gather data on the char-
acteristics of patients attending the EDs, ED system behaviors, and the required
simulation data sheet items were included.

A logical validation, including the assessment of face validity and content validity,
was carried out by five different experts; the process was similar to that in Fig. 4.1.
The kappa statistic was calculated and equal to 0.763, indicating that the items in
the instrument were excellent. Statistical validity was carried out, and the instrument
was valid and reliable; the data collected were normally distributed, and the sample
size randomly from the United States, Saudi Arabia and Malaysia was over n = 300.
Simulation data sheet items were included in the instrument questions, and a random
sample of 65 was selected to run the simulation experimenting. The instrument is
shown in Table 4.1.

A simulation experiment was set to generate new data with new items based on
logical model in Fig. 4.2. A series of research questions was developed as follows
for both the ambulance transfer process and the ED processing process:

R.Q.1.What is the average wait time for patients waiting an ambulance?

R.Q.2.What is the maximum wait time?

R.Q.3.What is the average time that patients spent in ambulance transfer?

R.Q.4.What is the total number of patients who used an ambulance or arrived in the
normal mode?

Fig. 4.1 Validation cycle for instrument
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Fig. 4.2 Logical model of patient ambulance transfer and ED processing

R.Q.5.What is the total number of patients serviced by an ambulance in the normal
mode?

R.Q.6.What is the number of patients remaining in the system or still in ambulance
transfer?

R.Q.7.What is the number of patients waiting in queues for an ambulance?

R.Q.8.What is the utilization percentage for resources?
The patient’s urgent care journey requires two different processes. In the first

process, the patient feels unwell and then requests an ambulance transfer to the
nearest ED, which is the ambulance transfer process. In the second process, the
patient arrives at the nearest ED and enters the ED to obtain the necessary healthcare
services as show early in Fig. 4.2. This is the ED processing process, which accounts
for 10% of the detailing in the simulation experiment [16, 19].

The simulation environment was designed using Arena software [18]. The data
generated from the data sheet included in the instrument are shown in Table 4.2 for
the ambulance transfer process, and a similar table was designed for ED processing.
Both new data sets were tested for their validity, reliability, and normality.

4.3.1 Value of Data

Through a literature review, it was found that no research has been conducted in
the past that involved utilization of simulation models to bring improvement in the
Kingdom of Saudi Arabia (KSA) or Malaysia. The direct comparison of results
from various operational techniques for Minimizing ED wait times and improving
the patient experience has also not been considered in the past. Hence, this study
is the first to consider the implementation of a simulation model in Malaysia and
SaudiArabia. Keywords [“emergency department”OR “emergencymedicine”AND
“operations” AND “waiting time”] were used to search the relevant peer reviewed
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Table 4.2 Data sheet information for the ambulance transfer process

Item number Item name Data source

1 Sex Gathered from survey

2 Age Gathered from survey

3 Nationality Gathered from survey

4 Where do you currently live? Gathered from survey

5 Ambulance response time to patient location (min) Gathered from survey

6 Ambulance transfer time from patient location to
emergency unit (min)

Gathered from survey

7 Ambulance utilization percentage Simulation data

8 Successful transfer Simulation data

9 Transfer in the field or stuck in traffic Simulation data

10 Min number of transfers Simulation data

11 Max number of transfers Simulation data

12 Utilization percentage Simulation data

13 Patient average transfer time (min) Simulation data

14 Average number of patient calls to request an ambulance
(patients picked up)

Simulation data

15 Average number of patients served (patients dropped off) Simulation data

16 Average number of patients not-served (patients stuck in
traffic)

Simulation data

17 Lower ambulance failure range Simulation data

18 Upper ambulance failure range Simulation data

19 Ambulance operations (min per week) Simulation data

20 Patient overall experience Gathered from survey

articles in the literature published between 1882 and 2018. A total of 1,759,073
articles were identified through this search, and only 2994 publications were from
the Middle East. Only ten articles were excluded from the study because they were
found to be irrelevant. Hence, while this study is original and unique, it can be re-
evaluated and validated. The same search results were generated by using the IEEE
database.

4.3.2 ED KPIs and Performance Model

Factor analysis was carried out, and items were grouped to draw a unique conceptual
model for the patient pathway from the time that they started feeling ill to their
discharge time from the ED after receiving the required services, in this case, quality
healthcare. The conceptualmodel incorporates the keyperformance indicators (KPIs)
as shown in Fig. 4.3.
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Fig. 4.3 Conceptual model of emergency department and ambulance transfer: a quality KPIs

4.4 Result

The results of this studywere divided into three sections. Each section includes inten-
sive analyses (descriptive, diagnostic, predictive and prescriptive analyses). The first
section is the survey results. The second and third sections are the simulation experi-
ment results, including ambulance transfer and EDprocessing simulation experiment
results.

4.4.1 The Survey

4.4.1.1 Descriptive Analysis

The characteristics of the respondents in terms of sex, age, education, marital status,
employment status, and nationality are presented in Figs. 4.4, 4.5 and 4.6. Figure 4.4
demonstrates the respondent characteristics (n = 348) in terms of education, marital
status, employment status, and nationality.
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Fig. 4.4 Characteristics of patient attended an ED

Figure 4.5 represents the sex distribution of the respondents. As shown in Fig. 4.5,
54.9% of respondents were male. Figure 4.6 represents the age distribution of the
respondents. As shown in Fig. 4.5, 28.7% of respondents were between 25 and
34 years old. Table 4.3 details the distribution of the respondents according to ED
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Fig. 4.5 Sex distribution

Fig. 4.6 Age distribution

type, patient arrival time, patient severity level, area after admission, and patient
overall experience.

A total of 58.5% of emergency departments visited by patients were public, and
41.5% were private. A total of 29.2% of patients visited the ED in the morning,
24.6% in the afternoon, 32.3% at night, and 13.8% at midnight. A total of 12.3% of
patients visited the ED with a nonurgent severity level, 16.9% with a low severity
level, 38.5% with an urgent severity level, 26.5% with an emergent severity level,
and 6.2% with a high severity level. After admission, 33.8% of patients stayed in
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the waiting area, 23.1% went to the triage room, 36.9% stayed in an emergency bed,
and 6.2% of patients went to a doctor’s room. Overall, 7.7% of patients rated their
ED visit as very poor, 20% rated their ED visit as poor, 30.8% rated their ED visit
as acceptable, 24.6% rated their ED visit as good, and 16.9% rated their ED visit as
very good.

4.4.1.2 Diagnostic Analysis

To investigate the factorial structure of the survey, factor analysis was performed
using principal component analysis estimation methods with orthogonal rotation
(varimax) and Kaiser normalization. The rotation converged in 14 iterations. Table
4.4 shows the results of the factor analysis for the final survey with kappa values and
corrected item-total correlations. The items accumulated in six factors (Fig. 4.3):
general quality, wait time and service time, ED layout and operations, ED and
patient characteristics, ambulance time and ED environment. All items showed high
and significant correlations (p < 0.01) with the total instrument score. Five experts
assessed the instrument items, and according to their evaluation of each item, kappa
statistics were calculated (see Formula 4.1). The kappa statistics showed excellent to
fair content validation of the instrument. The factor analysis (principal components)
of the instrument items showed moderate to high loading, as shown in Table 4.4. In
addition, the instrument items showed high internal consistency, with a Cronbach’s
alpha of 0.827.

The kappa statistic calculation is presented in Eq. 4.1, where Po is the relative
observed agreement among raters, and pe is the hypothetical probability of chance
agreement. The reliability calculation is presented in Eq. 4.2, where n is the number
of items, Vt is the variance of the total scores and Vt is the variance of the item
scores.

Kappa Theorem:

K = Po − Pe

1 − Pe
(4.1)

Reliability Theorem:

∝= n

n − 1

(
1 −

∑
i V i

V t

)
(4.2)

Figure 4.3 represents a conceptual model operationalized from the factor analysis
results. As shown in Fig. 4.3, six factors were extracted from the patient responses:
general quality (represented by items 11, 12, 19, 22, and 26), wait time and service
time (represented by items 23, 25, 29, and 31), ambulance time (represented by items
13 and 14), emergency department layout and operations (represented by items 15,
20 and 21), emergency department environment noise and pollution (represented
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by items 16, 17, and 18), and emergency department and patient characteristics
(represented by items 24, 27, 28, 30).

A structural equation analysis model was specified using emergency department
and patient characteristics as exogenous variables, general quality as mediating
variables and wait time and service time as endogenous variables.

RMSEA Model fit:

RMSEA = √
max

([((
χ2/df

) − 1
)
/(N − 1)

]
, 0

)
(4.3)

The RMSEA calculation is presented in Eq. 4.3, where N is the sample size, and
df is the degrees of freedom.

CF I = i f D = X2 − d f, then :
D(Null Model) − D(Proposed Model)

D(Null Model)
(4.4)

TLI = X2/d f (Null Model) − X2/d f (Proposed Model)

X2/d f (Null Model) − 1
(4.5)

The model was adequate with RMSEA = 0.07, TLI = 0.95, and CFI = 0.95. The
equations for RMSEA, TLI, and CFI are presented above.

4.4.1.3 Predictive Analysis

A multiple regression analysis was performed, where the overall patient experience
was used as an outcome variable, and all the other instrument variables were used as
independent variables to explore which variables were highly related to the patients’
emergency department experience. Only one variable showed a significant relation-
ship with the outcome (patient experience), which was “How long did you wait until
you saw the doctor from the time you entered the emergency department? “(β = −
0.48, t = 3.13, p < 0.01). The coefficient of determination (R2) was equal to 0.52
(F = 2.07, p < 0.05). This indicated that as the time that the patient spent before
seeing the doctor increased, the impression that patients had about their emergency
department visit was less positive.

4.4.1.4 Prescriptive Analysis

Table 4.5 shows significant sex differences using the independent samples t-test
for the equality of means. Five variables showed significant differences in favor of
females: traffic congestion impact, noisy admission desk or registration area, patient
resistance that caused a delay, seen by a doctor and given full service, and length of
stay in the area following admission.
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Table 4.5 Independent samples T-test for the equality of means by sex

t df Significance
(2-tailed)

Mean
difference

95% confidence interval of
the difference

Lower Upper

Traffic
congestion
impact

−2.500 63 0.015 −0.435 −0.783 −0.087

Were the
admission desk
or registration
areas noisy?

−2.884 63 0.005 −0.440 −0.745 −0.135

Did you notice
any patient
resistance that
caused a delay?

−2.658 63 0.010 −0.385 −0.674 −0.096

Were you been
seen by a doctor
and given full
service?

−2.169 63 0.034 −0.375 −0.721 −0.029

How long did
you stay in that
area?

−2.980 63 0.004 −1.300 −2.172 −0.428

Table 4.6 shows significant differences related to nationality (US versus KSA)
using the independent samples t-test for the equality of means. Three variables
showed significant differences in favor of US nationality: noisy admission desk or
registration area, patient resistance that caused a delay, and length of stay in the area
following admission.

Table 4.7 shows differences among the participants’ responses for 9 selected

Table 4.6 Independent samples T-test for the equality of means by nationality

t df Significance
(2-tailed)

Mean difference 95% confidence Interval of
the difference

Lower Upper

Were the
admission desk
or registration
areas noisy?

2.616 63 0.011 0.414 0.097 0.731

Did you notice
any patient
resistance that
caused a delay?

2.703 63 0.009 0.409 0.106 0.712

How long did
you stay in that
area?

3.928 63 <0.001 1.685 0.826 2.544
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Table 4.7 Responses of the participants for variables with statistically significant differences (n =
65)

Item number Item content Rarely (%) Most of the time
(%)

Always (%) Chi-square

11 Traffic congestion
Impact

20 (30.8) 32 (49.2) 13 (20.0) 8.52*

12 When you enter the
emergency unit and
before you were
seen by a doctor,
did you notice any
delay caused by
bystanders or
family members?

11 (16.9) 39 (60.0) 15 (23.1) 21.17**

13 Were the admission
desk or registration
areas noisy?

22 (33.8) 36 (55.4) 7 (10.8) 19.42**

14 Were the admission
desk or registration
areas busy?

27 (41.5) 27 (41.5) 11 (16.9) 7.88*

15 Did you notice any
patient resistance
that caused a delay?

14 (21.5) 42 (64.6) 9 (13.8) 29.20**

16 Was the impression
of patients and their
family about the
admission or
registration process
unfavourable?

14 (21.5) 32 (39.2) 19 (29.2) 7.97*

17 Did legal issues or
litigation
proceedings
interfere with the
efficiency of
admission?

15 (23.1) 36 (55.4) 14 (21.5) 14.25**

18 Were the staff at the
admission or
registration desk
friendly, and did
they have trust and
confidence when
working with you?

45 (69.2) 9 (13.8) 11 (16.9) 37.79**

21 Were you seen by a
doctor and given
full service?

49 (75.4) 8 (12.3) 8 (12.3) 51.72**

*p < 0.05, **p < 0.01
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Fig. 4.7 Probability density of the ambulance transfer variable 1

variables using the chi-Square test of homogeneity.

4.4.2 Ambulance Transfer

4.4.2.1 Descriptive Analysis

Figures 4.7, 4.8, 4.9, 4.10, 4.11, 4.12 and 4.13 show the probability distributions of
the ambulance transfer simulated data. As shown in Figs. 4.7, 4.8, 4.9, 4.10, 4.11,
4.12 and 4.13, most variables tended to be normally distributed. A typical normal
probability distribution was found for the transfer failed or stuck in traffic variables.
Ninety percent of the simulations had an ambulance response time to the patient
location between 19.2 and 57.5 min. Ninety percent of the simulations indicated
successful transfer of between 130 and 355 patients.Ninety percent of the simulations
had ambulance operations of between 256 and 388 cases per minute per week.

4.4.2.2 Diagnostic Analysis

Table 4.8 shows the minimum values, maximum values, means, and standard devi-
ations for the ambulance transfer variables. In addition, Table 4.8 shows the bias
statistics and bootstrap 95% confidence intervals for each variable. The bootstrap
results are based on 1000 stratified bootstrap samples selected from the simulated
dataset. The bias statistics showed small mean values and small standard deviations,
indicating the accuracy of the simulated data. According to the bootstrap results,
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Fig. 4.8 Probability density of the ambulance transfer variable 2

Fig. 4.9 Probability density of the ambulance transfer variable 3

95% of the time, ambulance response times to the patient location were between
18.9 (SD = 8.0) and 24.92 (SD = 19.7) minutes; 95% of the time, between 234 (SD
= 71) and 280 (SD = 106) patients were successfully transferred, and ambulance
operation was between 282 (SD = 64.4) and 321 (SD = 96.7) patients per minute
per week.
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Fig. 4.10 Probability density of the ambulance transfer variable 4

Fig. 4.11 Probability density of the ambulance transfer variable 5

4.4.2.3 Predictive Analysis

Multiple regression analysis was performed shown in Table 4.9 with ambulance
operations per minute per week used as the outcome variable and all the other simu-
lation variables used as the independent variables. Four variables showed significant
prediction: ambulance transfer time from patient location to emergency department
(minute) (β = 0.92, t = 10.93, p < 0.001), number of successful transfers (β = 0.92,
t = 8.28, p < 0.001), transfer failed or stuck in traffic (β = 0.86, t = 7.82, p < 0.001),
and utilization percentage (β = −0.33, t = 3.90, p < 0.001).
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Fig. 4.12 Probability density of the ambulance transfer variable 6

Fig. 4.13 Probability density of the ambulance transfer variable 7

4.4.2.4 Prescriptive Analysis

Table 4.10 shows the analysis of sex differences using the independent samples
t-test for the equality of means. As shown in Table 4.10, no variable showed signifi-
cant differences. Table 4.11 shows the analysis of differences among US, KSA, and
Malaysia with regard to ambulance transfer variables.

According to Table 4.11, there were differences in favor of US with regard to
ambulance response time to the patient location (minutes), average number of patients
served (patients dropped off), and utilization percentage.
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Table 4.9 Regression analysis for ambulance transfer data

Variable Standardized coefficients (beta) t Significance

Ambulance transfer time from
patient location to emergency unit
(min)

0.923 10.928 >0.001

Number of successful transfers 0.915 8.283 >0.001

Transfer failed or stuck in traffic 0.862 7.820 >0.001

Utilization percentage −0.328 3.900 >0.001

4.4.3 ED Processing

4.4.3.1 Descriptive Analysis

Figures 4.14, 4.15, 4.16, 4.17, 4.18, 4.19, 4.20 and 4.21 show the probability distribu-
tions of the simulated ED processing data. As shown in Figs. 4.14, 4.15, 4.16, 4.17,
4.18, 4.19, 4.20 and 4.21, the variable distributions tended to be almost perfectly
normal. For example, wait time was normally distributed, with 90% of simulations
having a wait time from emergency department admission to the first contact with a
doctor between 5.99 and 279.08 min in the most extreme cases.

4.4.3.2 Diagnostic Analysis

Table 4.12 shows the minimum values, maximum values, means, and standard devia-
tions for the emergency department variables. In addition, Table 4.12 shows the bias
statistics and the bootstrap 95% confidence intervals for each variable. The bootstrap
results are based on 1000 stratified bootstrap samples selected from the simulated
dataset.

The bias statistics showed small mean values and small standard deviations, indi-
cating the accuracy of the simulated data. According to the bootstrap results, the
wait time after admission ranged from 2.5 (SD = 1.3) to 3.2 (SD = 1.8) 95% of the
time, the wait time from emergency department admission to the first contact with a
doctor was between 4 (SD = 1.3) and 4.8 (SD = 1.6) minutes 95% of the time, the
emergency department processing time ranged between 2.6 (SD = 1.2) and 3.3 (SD
= 1.6) 95% of time, the estimated number of patients in the admission area ranged
from 18 (SD = 12) to 25 (SD = 15) 95% of the time, and the average door-to-door
service time was estimated to be between 297.6 (SD = 189.8) and 404.3 (SD =
235.4) minutes 95% of the time.
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Fig. 4.14 Probability density for the ED processing variable 1

Fig. 4.15 Probability density for the ED processing variable 2

4.4.3.3 Predictive Analysis

Amultiple regression analysis was performed with patient door-to-door service time
used as the outcome variable and with all the other simulation variables used as
independent variables. Two variables showed significant prediction: average wait
time of patients at admission (β = 0.96, t = 23.88, p < 0.001) and time spent in the
admission area (β = 0.56, t= 13.96, p < 0.001). The results of the regression analysis
for the emergency department processing data are presented in Table 4.13.
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Fig. 4.16 Probability density for the ED processing variable 3

Fig. 4.17 Probability density for the ED processing variable 4



94 4 Ambulance Transfer and Emergency Department Processing …

Fig. 4.18 Probability density for the ED processing variable 5

Fig. 4.19 Probability density for the ED processing variable 6
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Fig. 4.20 Probability density for the ED processing variable 7

Fig. 4.21 Probability density for the ED processing variable 8
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Table 4.13 Regression analysis for ED processing data

Variable Standardized coefficients (beta) t Significance

Average wait time of patients at
admission

0.964 23.884 >0.001

Time spent in the admission area 0.563 13.964 >0.001

4.4.3.4 Prescriptive Analysis

Table 4.14 shows the analysis of sex differences using the independent samples t-test

Table 4.14 Sex differences for ED processing

Variable Sex N Mean SD t df Sig

Wait time after
admission

Male 40 2.75 1.50 0.856 63 0.395

Female 25 3.14 1.70

Wait time from ED
admission to first
contact with a
doctor

Male 51 4.47 1.42 0.733 63 0.466

Female 14 4.14 1.70

Time spent in the
admission area

Male 51 1.73 0.98 2.75 63 0.008

Female 14 1.00 0.00

ED processing time Male 51 2.76 1.38 2.28 63 0.026

Female 14 3.71 1.38

Utilization of ED Male 51 85.60 20.95 2.487 63 0.016

Female 14 99.61 0.32

Average wait time
of the patients at
admission

Male 51 47.16 29.72 1.746 63 0.086

Female 14 62.42 25.90

Total number of
patients who arrived
at the ED

Male 51 105.92 60.87 0.694 63 0.49

Female 14 94.57 0.85

Total number of
patients served

Male 51 115.71 120.29 2.717 63 0.008

Female 14 27.71 12.98

Total number of
patients who
remained in the
system

Male 51 73.24 116.86 1.251 63 0.216

Female 14 33.93 6.44

Number of patients
in the admission
area

Male 51 19.08 14.26 3.106 63 0.003

Female 14 31.14 4.62

Average
door-to-door service
time

Male 51 319.51 218.82 2.367 63 0.021

Female 14 468.10 160.17
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for the equality of means. As shown in Table 4.14, there were significant differences
in the time spent in the admission area and the total number of patients served in favor
of males; there were significant differences in ED processing time and utilization of
the ED in favor of females.

Table 4.15 shows the analysis of differences among the US, KSA, and Malaysia
with regard to the emergency department processing variables. According to Table
4.15, there were significant differences in thewait time fromED admission to the first
contact with a doctor, the ED processing time, the average wait time of the patients
at admission, the average door-to-door service time, and the total number of patients
who remained in the system in favor of Malaysia.

Table 4.15 Differences in ED processing variables among countries

Variable Country N Mean SD F Significance

Wait time after admission US 15 3.20 1.66 2.40 0.10

KSA 38 2.95 1.56

MY 12 2.00 1.04

Wait time from ED admission to the first
contact with a doctor

US 15 4.80 1.66 4.38 0.02

KSA 38 4.58 1.45

MY 12 3.33 0.78

Time spent in the admission area US 15 1.60 0.83 0.48 0.62

KSA 38 1.63 1.05

MY 12 1.33 0.49

ED processing time US 15 2.60 0.83 11.07 <0.001

KSA 38 3.53 1.50

MY 12 1.67 0.49

Utilization of the ED US 15 92.41 12.16 0.79 0.46

KSA 38 88.91 20.21

MY 12 82.97 23.97

Average wait time of the patients at
admission

US 15 45.29 12.63 7.50 <0.001

KSA 38 60.05 33.54

MY 12 26.48 8.48

Number of patients in admission area US 15 18.00 12.09 1.85 0.17

KSA 38 24.39 14.38

MY 12 17.67 12.31

Average door-to-door service time US 15 267.83 142.45 9.47 <0.001

KSA 38 436.00 223.01

MY 12 188.57 117.11

(continued)
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Table 4.15 (continued)

Variable Country N Mean SD F Significance

Total number of patients who arrived at
the ED

US 15 112.00 64.57 2.40 0.10

KSA 38 109.63 52.92

MY 12 73.33 32.00

Total number of patients served US 15 74.60 80.82 1.35 0.27

KSA 38 91.00 110.50

MY 12 142.67 145.74

Total number of patients who remained
in the system

US 15 19.40 12.79 4.19 0.02

KSA 38 61.87 97.51

MY 12 130.67 154.60

4.5 Discussion

Emergency departments may experience different problems such as long wait times,
inefficient use of ED resources, an unbalanced healthcare workforce and scheduling
difficulties. This paper applied Arena simulation [18] as a first effort to model the
operations of emergency departments the Saudi Arabian healthcare system and the
Malaysian healthcare system. The model was based on real world data collected by
a well- developed survey designed specifically for the purpose of the current study.
Analysis of the responses to this survey revealed that public emergency department
usage was higher than that of private emergency departments. The survey results also
showed that the use of the EDwas almost even during the day and night, with slightly
more visits at night and slightly fewer visits atmidnight.Urgent and emergent severity
cases accounted for most of the cases received by the EDs. In addition, most patients
stayed in the waiting room area or an emergency department bed after admission.
Furthermore, most ED patients rated their experience as acceptable or good.

Factor analysis revealed that the evaluated items loaded onto six factors: general
quality, wait time and service time, ambulance time, emergency department layout
and operations, emergency department environmental noise and pollution, and char-
acteristics of the emergency department and patients. Structural equation modeling
analysis revealed that characteristics of the emergency departments and patients
could predict wait time and service time with general quality as a mediating vari-
able. This result directed our attention to the importance of the emergency department
and patient characteristics and the essential role of service quality in the emergency
department systems.

Furthermore, using multiple regression analysis, result showed that the overall
patient experience was predicted by wait time (how long a patient waited until he/she
saw the doctor from the time he/she entered the emergency department). This result
draws our attention to the importance of wait time as an operationalization of service
quality in emergency room departments. In addition, significant sex differences were
found in favor of females in some variables, such as the impact of traffic congestion,
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environmental factors related to the admission desk or registration areas (noisiness),
service delays due to patient resistance, receiving full service in the emergency
department, and time spent receiving the healthcare services. These results assured
the importance of sex variables in simulating and modeling emergency department
systems (ambulance transfer and emergency room processing).

Differences related to country were also present for some variables. US emer-
gency departments provided better service according to the patients’ responses to the
survey, especially with regard to factors such as those related to the admission desk
or registration areas (noisiness), service delays due to patient resistance, and time
spent receiving the healthcare services. Again, these results reflect the importance of
the country variable in the modeling and simulation processes. Patients reported that
the following items happened most of the time in the emergency departments: traffic
congestion; service delays caused by bystanders, patients, or family members; nois-
iness and unprofessional behavior at the admission desk or in the registration areas;
negative impressions of patients and their family about the admission or registration
process; and interference of legal issues and litigation proceedingswith the efficiency
of the admission process. However, patients reported that the following two factors
happened rarely: friendly behavior of the staff at the admission or registration desk
and patients left before being seen or receiving healthcare services.

Given that wait time was the main factor affecting the quality of services in the
emergency departments, as revealed by patients’ responses, a model was developed
to help emergency department mangers understand the hidden causes of excessive
wait times. This model served as a tool for assessing the impact of major output
variables on key performance indicators and was also used as an effective method
for testing different scenarios for possible system improvement based on real data
collected from the emergency department sites. The quality of the ambulance transfer
and emergency department processing simulated data were assured using probability
density and bootstrap methods. The multiple regression analysis showed that four
variables could predict ambulance operations per minute per week using the ambu-
lance transfer simulated data. These variables were ambulance transfer time from the
patient location to the emergency department (minutes), number of successful trans-
fers, number of failed transfers or transfers stuck in traffic, and utilization percentage.
No significant differences related to sex were found in the ambulance transfer data;
however, there were differences in favor of the USwith regard to ambulance response
time to patient the location (minutes), average number of patients served (patients
dropped off), and utilization percentage. On the other hand, the emergency depart-
ment processing simulated data analysis revealed that itwas possible to predict patient
door-to-door service time with the average wait time of the patients at admission and
time spent in the admission area. Sex differences were found; significant differences
in the time spent in the admission area and the total number of patients served favored
the males, and significant differences in ED processing time and utilization of the ED
favored the females. Finally, there were significant differences in wait time from ED
admission to the first contact with a doctor, ED processing time, average wait time
of patients at admission, average door-to-door service time, and the total number of
patients who remained in the system in favor of Malaysia.
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4.6 Conclusion

Simulation models were used to examine the utilization of ED resources in various
settings to analyze the average performance of ED systems. It is imperative to conduct
additional simulation studies in developing countries in the future. This experiment
involved the simulation of practical data with the help of a basic ED model (10%).

This study is the primary and principal ED simulation study in Kingdom of Saudi
Arabia and Malaysia. The simulation models represented the exact real-world ED
settings and thus offered convenient and clear analyses,whichmakes themanefficient
mathematical model to improve decision-making in emergency departments. In the
industrial sector, simulationmodeling explains complex systems and offers solutions
to significant issues.

Simulation models are also used to design real-world systems that provide prac-
tical views. Hence, it becomes easy to predict the resources required by the actual ED
and the performance of the actual EDprior to its deployment. The application ofmore
simulation models has been recommended by ED experts. The results of the current
study show a feasible 38.76% reduction in wait time for door-to-door service based
on ED layout, available resources, daytime patient ambulance transfers and patient
ED processing, and the overall capacity of the emergency departments mid-normal
mode in Saudi Arabian healthcare systems.
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Chapter 5
Conclusion

5.1 Conclusion

In this book on EDs, the cost is the one factor that stands out. Cost reflects many
areas not only in terms of money but also time. The high costs have a negative impact
on the use of existing health care by patients, which means that more regulation is
expected in this area. Emergency management has several complex factors, which
should be used to test a health technology [1] on its quality by way of an objective
decision-making process. This analytical system should be frequently updated as
simulation processes are critical for the management of physician, personnel, and
patient pathways care in hospitals. The ED and the problems that occur are compli-
cated and thus this research is very important. In contrast, some experiments have
used mathematical models, although only a few studies have adapted ED structures
to mathematical models.

Reassessment of the research objective and answering the research questions was
developed in this research regarding the EDs current EDs problem and methods
were used, an abstraction one of the data mining processes was used to create
momentum on answering these questions. From 2000 to 2019 a table of data extrac-
tion was created in Appendix and furthermore discussion in [2] and [3] and Chap. 3.
Answering the research question regarding the optimal way to harness our knowl-
edge and improve EDs was covered in Chap. 4. All research objective was achieved.
Each article cover the objective that was planned to achieve. Current knowledge on
the area was fulfilled and satisfied.

Feasibility and focus and effect on focused and definitive results such as profes-
sional skills and professional practice [4], lessened the acute in-patient care, was the
greater health system savings factor [5]. ED advises themanagement and preparation
of emergency services and provides an insight of the publics’ health, the growing
importance of EDs in the delivery of medical care in complex cases, along with
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the evolving nature of the disease in the population in need of immediate medical
attention [6]. The initiative of $167 million was intended to provide leadership in
the implementation of evidence-based clinical practices to the Front-Line Registered
Nurses (RN) at the bedside [7]. The cost model and the metrics of this model for
EDs are the cost optimization of the process; Value, organizational performance,
time, cost assessment, hospital stay and preparation for discharge [8]. A sustainable
connection essential to the transformation of the healthcare system [9]. A new health
care administration educational environment to help emerging new staff [10] requires
more research to verify the researchers’ results. Increased use of care management
processes analysed to influence patient experience and healthcare quality positively
[11]. There has been some progress in clinical outcomes and process indicators [12].
Extreme importance of patient satisfaction to guarantee a better care quality [13].
Reducing the variability in the Emergency Department hospital admissions results
in savings. For different emergency departments the uniform thresholds of admis-
sion to risk are very significant [14]. The goal of generating savings for patients
joining services should be to ensure that qualified patients who are involved can
be enrolled promptly [15], with both increased service quality and reduced costs.
Profile innovation is new tool to provide hospitalist reviews to improve collaboration
and patient development. Teamwork is an important competency in the health sector
[16]. Patients with short-stay can save $3.1 billion a year [17]. A shift in the process
would encourage employees to take up more of their time in direct patient care to
achieve optimum performance, thereby reducing the overall cost and the patient’s
total time in the hospital. Management may have to redistribute resources to improve
the quality of operations [18]. The health information exchange (HIE) is thought to
increase performance, reduce the cost of healthcare and improve patient satisfaction
by exchanging electronic information such as laboratory reports, clinical summaries
and prescription lists [19]. Public health, hospital system and service management
need to consider high-reliability systems of patients requiring zero result defects
[20].

The options in this analysis are as follows. Continuous preparation and exercises
with detailed data analysis is needed for emergency preparedness programs. Themain
factors are the people involved, the officials and equipment to be used in emergency
situations. The emphasis should be on patient experience, degree of patient satis-
faction, productive processes, patient safety and fast response systems. Health care
systems are rather weak in developing countries, so it is important to address prob-
lems and the demands for emergency health care in hospitals. The implementation
uncertainties for activity-based funding also need to be handled.

To maintain informed decision-making and an efficacious handling of emergen-
cies in regular or emergency circumstances with reduced and managed crowding,
it is important to manage EDs and give personnel information of the ED policy,
structure, power, network, etc. Analyses and use of the correct technique to execute
emergency procedures is successful. Researchers need to analyse the current scenario
and the work holes for ED simulation modelling [21]. Case studies for multi-label
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health care personnel should be undertaken to recognize skills and abilities in the
workforce [10]. In order to ensure command in EDs [22] EDs need leadership inside
management [23].

Quality standards in hospitalsmust be updatedwith Chaps. 3 and 4, characteristics
and observations into the research subject to be undertaken in the emergency and risk
management field in the future [24]. Based on the findings of this report the following
approaches are recommended: Emergency preparedness programs and comprehen-
sive information analyses require ongoing training and simulations. It continues to
be a challenge to Evidence based Practice in EDs and their effective and efficient
participation in medical and administrative leadership. It is necessary to use a scien-
tific classification-based structure, framework, process and results to identify existing
barriers to EBP adoption. The operation of EDs and the processes involved should be
overseen by an experienced management team with knowledge, skill and experience
in improving quality, modelling, simulation and process reengineering. Instead of
handling tasks and procedures in the healthcare system, especially for EDs, a greater
number of doctors should thus remain just doctors. For this reason, it is important
that technicians with a history in six-sigma and quality assurance be included in the
leadership team in order to oversee health care workers and their facilities. The terms
are listed in this report as components of EDs, ED organizational leadership, staff
competencies and expertise, emergency preparedness, technology performance and
use and simulation of education, even though ED is the whole term and describes
the ranking tree by each definition. Health systems are severely deprived of medical
services in developing countries; hence it is important to address the remaining issues
and to meet the essential healthcare requirements for the hospital. There must also
be control of the risk of introduction of activity-based financing.

Primary and secondary evidence must be collected by interviews, polls, literature
reviews and analysis at both medical and national level by the managers. Data should
be interpreted and processed by the Managers by meta-analysis and should be able
to highlight similarities, disparities and deficiencies of waiting time, registration
process, costs, visits to patients, and other aspects. Ultimately, the problems faced
by ED can be overcome when service risks are adequately tracked and handled,
and patient information is properly recorded. In particular, ED administrators are
required to prevent overpopulation and prolonged waits by monitoring patient stays
and using their staff’s skills and expertise.

If the administrator prevents conclusions, provisional inference, data collecting
with a single phase and selection of the meta-analysis for the primary data-analysis,
data collection froma specific data source or costingmethod and information tracking
mistakes, such as in the case of self-reporting patients, the quality of the health
services can also be assured. In order to analyse factors such as waiting time,
patient registration, costs, number of visits and others, the director is required to
conduct interviews, assessments, research reviews and meta-analysis, and to iden-
tify the comparisons, various types of analysis and the median discrepancies. The
ED manager must be mindful of the standard of health services, treatment costs,
service times, patient satisfaction, and duration of stay, quality of ED performance,
healthcare access, patient admission, and demographics.
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5.2 Future Research Directions

The successful application of real-time analysis of information in EDs and quality
evaluation in emergency systems should be focussed in future research. The impli-
cations of this work can be used to improve healthcare standards. The work on crises
and risk management that should be carried out in future is addressed in Chaps. 3
and 4.

In comparison, emergency response, patient satisfaction, waiting time and
hospital-based overcrowding; issues, challenges and strategies will be identified in
upcoming regional organizational research studies along with national healthcare
skills and competencies. The findings must be treated as true and confirmed. The
feasibility of real time data collection, quality assessment of emergency systems,
organizational control, process reengineering and the use of modelling in EDs should
also be the subject of future research.

Research on the performance of emergency systems and ensuring that practices
are continued to collect patient data in EDs in real time are required for the hour.
Studies are needed to assess the quality of emergency departments with respect to
the demographic characteristics of patients, patient movement through an ambulance
and ED time in order to carry out clinical criteria as well as ED time simulator
management tests. When undertaking multi-label research, the skills and talents of
the personnel involved in health care canbe foundout [2]. Toorder to facilitate smooth
operations within EDs, emergency departments require management [3] which gives
leadership [2] to the followers. ED management must ensure better and revised
quality of care and services over time [3].

5.3 Research Recommendations

This thesis has its general research recommendations and specifics as shown in the
following:

• Effective E-Systems, ERP systems or standard governmental databases (i.e.
healthcare databases) possess great capability may provide for the more effective
decision-making process [1].

• Services should concentrate on ensuring that qualified patients are timely
registered [15].

• Additional research to verify the findings of the researchers is needed. Facility and
priority and the influence of the associated interventions ondesired and established
performance like professional competence and professional practice [4].

• Quality standards for health care, regulations, architecture, efficiency, network,
etc., must be updated accordingly [3].

• The main factors are people, agencies and emergency management equipment
and the focus should be on the experience of patients, rates of engagement, effec-
tive procedures, patient safety and quick response programmes. The activity of
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EDs and the associated systems should be managed by a professional project
management teamwith expertise, skills and know how to improve quality, design,
simulation and engineering [2] and [3].

• System for training advancement of the emerging new health services adminis-
tration workforce [10].

• Reducing variance in the Emergency Department’s hospital admissions [14].
• Analysed procedures to have a positive impact on patient experience and

healthcare quality [11].
• Leadership has to reallocate resources and increase the efficiency of operations

[18].
• Extreme flexibility in achieving better quality of care for patients [13].
• New tool for providing feedback on better inter-professional collaboration and

patient care to hospitalists. Health care role in communities is critical [16].

5.3.1 Other Specific Recommendations

TheEDs scenerywithin the healthcare is quite complex and the amount of data gener-
ated is complex too therefore, a datamining technique is essential to analyze and draw
conclusions. Furthermore, considerations to Quality Care; Management (Patient
Record) along with continues quality Improvement tools: “Lean Six Sigma” and
eHealth: “Admission-Discharged Process” are highly important to improve quality
care and beneficiary to healthcare systems in short- and long-term strategy planning.
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