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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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26 3 Decades Trend of Emergency Department System Operations

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. Although mathematical
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 enhance ED 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?
RQS8: 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:

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

e Set2: Search terms related to strings (e.g., emergency medical care and emergency
clinics).

e 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
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Fig. 3.1 Comparison of EDs three strings worldwide by time



3.3 Material and Methods 29

Fig. 3.2 Comparison of EDs three strings worldwide by region
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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



30 3 Decades Trend of Emergency Department System Operations

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

THERE IS NO HISTORICAL DATA FOR THIS SEARCH TERM

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)

(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)

(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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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 analysis method. The data obtained were 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-
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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]
2,3,7,17,23,37,87, 125, 132, 135, 154]

9, 89, 151]

Simulation

[
[
[
[

Case study

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 during ED 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 are more 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



41

3.5 Discussion

[TS1 *8¥1 ‘LTl ‘€Tl ‘LS ‘111

sonsLdorIRyd drydeidowaq

[op1 *€€T “ST1 “vT1 “611 ‘601 “LOT “TOT ‘TS ‘¥E 9]

UOISSTWPY

[osT “Tvl 29 “1v ‘01 ‘Tl

duBULIOJIR_R]

[9€T 91111 ‘9011

Q1D [)[BaY 0} SSAIY

[bP1 ‘6€1 ‘€11 ‘€t

S901AIOS (T4 JO Aouaroyyg

[7ST “8%1 ‘SP1 P11 ‘8L ‘TS ‘6¥ ‘¥T 9]

Keys Jo 3ua|

[STTEIT ‘801 “LOT *LL ‘9L ¥S ‘911

uonoejsnes

[6¥1 *8¥1 ‘SP1 “v¥1 ‘9Tl ‘TCI ‘0TI ‘L1 911 ‘IS ‘b ‘LT ¥T ‘0T 61 ‘L1 ‘ST “L]

ouwn Surssa001d $901AIS

[6v1 ‘OF1 ‘6€1 “LET €€T ‘6T TIT “TTT ‘601-901 ‘001 “86 ‘L6 “¥6 ‘88 “¥8 ‘L ‘69 ‘€9 ‘8S “¥S TS ‘I ‘6€ ‘LE ‘SE—€€ ‘€]

1500 [BOIPOIA

[6€1 “9€T 801 ‘901 “S6 ‘68 ‘88 ‘S8 ‘P8 “LL ‘S9 ‘19 ‘SS ‘I ‘8¢ O “¥€ ‘€€ ‘8T ‘81 ‘8]

Ajrenb ared yireoy

SQ0UAIRJOY

SIdA

sad£y S| sAd 6°€ AqBL



42

3 Decades Trend of Emergency Department System Operations

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]

THEMES/ SUBJECTS

VOLUME OF STUDIES PER SUBJECTS

HOSPITALS

STATISTICAL ANALYSIS
HEALTH SERVICES

DECISION MAKING
HEALTHCARE INDUSTRY
EMERGENCY PREPAREDNESS
HEALTH CARE

MODELS

PATIENTS

RISK ASSESSMENT

QUALITY OF CARE
EMERGENCY MEDICAL CARE
PATIENT SATISFACTION
OPERATIONS RESEARCH
INFORMATION SYSTEMS
EFFICIENCY, ORGANIZATIONAL
QUALITY OF SERVICE
EMERGENCY SERVICE, HOSPITAL
PERFORMANCE EVALUATION
ORGANIZATIONAL BEHAVIOUR

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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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].

3.5.14 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 and major issues has increased by 32% from 1999-2009 [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
of management 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 emergency departments in the U.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-analysis was used as a methodology
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
regression was mainly 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

The emergency system KPI 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.

3.54.1 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 of medical 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

Researchers were also concerned with measuring the time of medical 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” performance measures 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



50 3 Decades Trend of Emergency Department System Operations

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 not meet the U.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 ED patient flow led to the acknowledgment that ED diversion
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 costing method was 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.

The ED manager 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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