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INTRODUCTION

ABSTRACT

The Emergency Department (ED) frequently encounters operational
challenges such as overcrowding, prolonged waiting times, and
inefficient patient flow, which negatively impact healthcare service
delivery. Therefore, several efforts can be made to improve efficiency
and service quality through systematic events improvement. The
Discrete Event Simulation (DES) could be a promising effort to
effectively alleviate the patients’ Length of Stay (LOS). This study aimed
to assess the role of DES in reducing patient LOS and improving ED
efficiency. A literature review was conducted by analyzing peer-
reviewed articles published in the past five years from databases
including Google Scholar, PubMed, and ProQuest, using specific
keywords related to DES and ED performance. The selected studies were
synthesized to evaluate the effectiveness of DES interventions. Findings
indicate that DES models, particularly when applied through scenario-
based simulations, consistently demonstrate significant reductions in ED
LOS. These outcomes suggest that DES is a valuable decision-support
tool for optimizing resource allocation and patient flow. However,
implementation requires careful consideration of institutional needs
and further validation through real-world trials. Future research should
focus on context-specific applications and long-term impact assessment
to support sustainable improvements in emergency care.

Hospital plays significant roles in the health sectors through various health services to improve the
client’s health (Triana et al., 2024). Hospital services are represented through various services,
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including emergency services. Emergency services play a fundamental role in hospitals. They are
characterized by high-pressure conditions, rapid patient assessment requirements, and the
provision of immediate medical action (Labrague, 2024). This condition also involves several ER
processes that require high dynamics, such as fast response times (Imam et al., 2024), triage
processes (Fekonjaetal., 2023), examinations and treatment delivery (Sartini et al., 2022), admission
(Mostafa & El-Atawi, 2024), or inter-unit transfer or discharge (Mamalelala et al., 2022). This
condition will be directly proportional to the increasing of ED visits.

The rise in ED visits is associated with prolonged patient stay in the ED and is regarded as a major
concern for the hospital’s frontline services. This situation also highlights limitations in hospital
capacity to deliver efficient care, reflecting systemic and resource constraints, and contributes to
extended LOS for patients.

LOS in the ED refers to the duration from a patient’s arrival until subsequent processes occur, such
as inter-unit transfer, hospital admission, or further diagnostic evaluation (Harahap et al., 2022). LOS
has the characteristics of a normal time range. For instance, in Australia, which stated the reasonable
limit of LOS has to be below 4 hours (Forero et al., 2019). However, it is found differently in many
other areas, such as Canada and the United Kingdom (Lauque et al., 2022). The prolonged LOS in ED
is characterized by an inappropriate extension period before final discharge from an in-hospital bed
or inter-facility transfer, which adversely affects clinical outcomes (Lauque et al., 2022). Due to its
significant effect, supporting the ED’ efficiency and effectiveness is essential.

Enhancing the effectiveness and efficiency of emergency departments can be achieved through
multiple approaches, such as Al (Moulik et al., 2020; Triana et al., 2024), process improvement
approaches (Volochtchuk & Leite, 2022), and discrete event simulation (Baril et al, 2019;
Castanheira-Pinto et al,, 2021; Easter et al,, 2019; Ofori et al., 2020; Savioli et al., 2022; Tian et al,,
2023).

The implementation of DES in hospitals, especially in ED, has been documented in previous studies.
A study evaluates the operational efficiency of the ER by combining the Agent-Based Simulation
(ABS) and DES approaches equipped with an anomaly detection system. The study highlights the
challenges of the ED, such as the increasing number of patients and resource constraints, and how
simulation can help in the effective planning and management of resources (Effendi et al,, 2024) .
Another study conducted in Italy also employed DES and was intended as an input effort in
organizational change to improve the key performance indicator related to patient satisfaction, LOS.
This simulation model is based on historical data, observations of the current situation of the ED, and
information from the ED staff. The results help to evaluate the impact of various remediation
scenarios (Dosi et al., 2023).

The DES model is defined as a simulation approach that represents a real system and its environment
through simulated scenarios, enabling the exploration of specific concepts, principles, or processes
(Pooch & Wall, 2024). The process is employed to imitate the system and describe it in general terms
by considering the key characteristic properties of the system’s activities. Simulation does not
produce an answer to a problem but a way to overcome it (Mourtzis, 2020).
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DES model is frequently adopted to evaluate and identify optimal solutions for improving healthcare
service systems. This method has been widely applied to enhance production capacity, cost
efficiency, timeliness, quality of performance, energy efficiency, safety, and overall productivity.
Moreover, DES contributes to reducing failure rates in meeting standard targets, minimizing
unexpected events, optimizing resource allocation, and improving system performance (Ouda et al,,
2023). By simplifying the process, the goal is to achieve a faster response to urgent medical situations
and reduce patient wait times (Triana et al., 2024). This condition means ensuring that resources,
from medical staff to equipment, are used optimally to improve the overall ED readiness (Igra et al.,
2024). These initiatives have the potential to substantially enhance the efficiency and effectiveness
of the ED (Triana et al., 2024).

Several studies have been conducted related to the implementation of DES in ED and were known to

have massive results. However, there is a research gap in understanding the application of DES in
EDs, especially to improve efficiency in reducing LOS. This study was conducted to examine the role
of DES and its implementation in the ED to reduce LOS. The primary objective was to assess the
impact of DES on mitigating LOS in the ED.

RESEARCH METHODS

We conducted a literature review by analyzing peer-reviewed research articles retrieved from
Google Scholar, PubMed, and ProQuest, using defined keywords over the past five years (January
2019-January 2024). The search was limited to articles published in English or Indonesian, focusing
on DES and LOS in ED. The search strategy employed specific keywords and Boolean operators,
including ‘DES’ OR ‘Discrete Event Simulation’ OR ‘Modeling’ AND ‘Emergency Department’ OR ‘ED’
OR ‘ER’ AND ‘Length of Stay’ OR ‘LOS.’ Studies were included if they examined DES as an intervention
and reported positive outcomes in reducing LOS in ED. No journal accreditation appraisal was
conducted for this review (see Diagram 1)

During the search strategy, we employed inclusion criteria such as (1) Peer-reviewed journal articles;
(2) Published between 2018 and 2023; (3) Focused on the use of DES in ED settings; (4) Reported on
outcomes related to patient length of stay, throughput, or resource optimization; (5) Full text
available in English or Indonesian. The exclusion criteria namely (1) Conference abstracts, editorials,
commentaries, and theses; (2) Studies unrelated to ED or that used simulation methods other than
DES (e.g., system dynamics or agent-based modelling without DES components (3) Articles without
sufficient methodological detail or outcome data. The study titles and abstracts were screened
independently by three reviewers (L.T. V.P., & R.S). Full-text articles were then retrieved for
potentially eligible studies. Discrepancies during screening were resolved through discussion or
adjudicated by a third reviewer to ensure consistency (E.D.Y).
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A total of 352 articles
were initially
identified from the

databases Articles were excluded based on
relevance and characteristics, including
books and conference proceedings (n =
80), retracted articles (n = 9), and
inaccessible full texts (n = 27).

v

After excluding articles
based on characteristics,
retracted status, and
accessibility, 236 articles
remained for further
screening

Articles excluded due to duplication (n =
72).

v

After removing
duplicates, 164
articles remained for
screening

Articles were excluded after relevance
review, primarily because they did not
specifically examine DES in relation to

p LOS in emergency departments, focused
on unrelated interventions or settings,
not a case study, and failed to report
measurable outcomes (n=156).

A total of 8 articles
met all eligibility
criteria and were
included in the
review

Figure 1. Research Flow Diagram
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RESULTS

Table 1. Reviewed Relevant Articles

Outcomes

No Author Design Wait Specific Findings

LOS Flow .
times

1. Zamani Case Study [1] LOS was reduced by 16%.
(2022) X X [2] LOS wasreduced by 32% on all
Emergency Severity Index
levels.
2. Gabriel et  Case Study [1] LOS was 2213.7 and reduced
al. (2020) to 461.2 minutes

3. McKinley  Case Study [1] Differences in length of stay
et al. (LOS) were observed, ranging
(2021) from 19.1 minutes for patients

with  Emergency Severity
Index (ESI) level 4 to 10.9
minutes for those with ESI
level 5

[2] Mean waiting time differences
were also identified,
decreasing from 8.9 minutes
at ESI level 4 to 7.4 minutes at
ESI level 5

4, Easteret  Case Study [1] Both  simulation  models
al. (2019) demonstrated statistically
significant results
[2] Length of stay (LOS) was
reduced by 10.6 to 21.8
minutes
[3] Bed utilization increased by
X X X 0.23 to 0.40 patients per bed
per day
[4] Door-to-physician (D2P) time
decreased by 1.3 to 4.8
minutes
[5] Left without being seen
(LWBS) rates were reduced by
0.66% to 2.0%
5. Hamzaet Case Study [1] The 1st simulation known to
al. (2021) have higher efficiency to
reduce waiting time other than
the four alternatives model
applied.

[2] The overall average waiting
time performance of the 1st
simulation is higher 74,58%
compared to the four models
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Outcomes
No Author Design : Specific Findings
& LOS Flow  \vait P s
times
[3] The LOS significantly
alleviated by the greater
waiting time compared to
other 4 models by 85.6%

6. Ferreira Case Study [1] Showed an improvement
et al. X X X regarding patient flow as well
(2023) as LOS with a decrease of up to

30 minutes.

7. Baril etal. Case Study [1] By implementing collective

(2019) prescriptions at the ED’s triage
X X reduces LOS by 30%

[2] Adding a professional nurse’s

practitioner per shift could
reduce LOS by 29%.

8. Valipoor,  Case Study [1] The Hallway care Scenarios
etal. resulted to Lowering the LOS
(2021) X X X significantly

[2] Both combined scenarios can
reduce LOS and exam room
time

DISCUSSION

ED encounter significant challenges due to high workload and dynamic environments, including
growing demands to deliver efficient care while addressing issues of overcrowding, prolonged LOS,
safety concerns, delays, and staffing constraints (Triana et al.,, 2024). Those highlighted in a study
(Bal etal., 2017), which stated that excessive overcrowding in the ER can lead to adverse effects such
asincreased LOS, which is associated with higher mortality rates. However, non-urgent patients were
admitted to the ED, which made it even more crowded (Allen et al., 2021; Baykan et al., 2021). This
condition will lead to an increasing workload and, on the contrary, will contribute negatively to
performance (Triana, 2017).

Efforts to improve the performance of Eds require targeted solutions. Optimizing patient flow,
alleviating congestion, and balancing workload are key priorities in this process. DES serves as a
modeling approach that replicates real systems and their environments through simulated scenarios,
enabling the exploration of specific concepts, principles, and operational strategies (Pooch & Wall,
2024). When focused on the emergency ED, DES can significantly improve operational efficiency by
reducing the LOS by simplifying workflows and optimizing resources (Srinivas et al., 2021).

Our literature review identified several applicable scenarios for emergency departments aimed at
reducing patients’ LOS. Some of these scenarios vary from the rapid admit protocol and results
pending protocol (Zamani, 2022) to the ED’s flow and physical design (Easter et al.,, 2019), triage and
hallway care (Valipoor et al., 2021), exit ped and bed turnover scenarios (McKinley et al,, 2021), and
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employed varies (Baril et al.,, 2019; Ferreira et al., 2020; Gabriel et al., 2020; Hamza et al., 2021)
(Table 1).

Our study revealed that several DES-related interventions, as reported in the literature, have
contributed substantially to positive advancements in ED performance. A study by Valipoor et al,,
(2021), through their research by applying protocols (see Table 1), has been proven to reduce
patients’ LOS by a significant percentage (Valipoor et al., 2021). The simulation model offers the
possibility of assessing the value of potential alternatives in an economically feasible and timely
manner (Pooch & Wall, 2024).

DES is a valuable approach for assessing congestion in ED using data-driven evaluation. It has been
widely applied in prior studies to elucidate underlying conditions and barriers within the ED, thereby
offering critical insights into potential improvement strategies and enabling the assessment of their
impacton LOS. (Srinivas etal., 2021). By utilizing DES, ED gets a better view of a more optimal system
through the application of design suggestions and alternative improvements that lead to positive
outcomes such as waiting time efficiency (Baril et al., 2019; Easter et al., 2019; Ferreira et al., 2020;
Hamza et al.,, 2021; McKinley et al., 2021; Valipoor et al., 2021), simplifying patient’s flow (Easter et
al,, 2019; Ferreira et al.,, 2020; McKinley et al., 2021; Valipoor et al., 2021; Zamani, 2022) and the LOS
alleviation as shown on the table 1.

The successful implementation of DES in the healthcare sector requires careful consideration of
multiple success factors, including financial resources, human capital, and technological capacity, all
of which are essential for optimizing hospital processes, as outlined by Olajide et al. (2019). In
addition, integrating DES modelling frameworks or scenarios offers a promising solution to
efficiently allocate workloads between resources economically (Srinivas et al., 2021). DES’ modelling
provides an effective approach to evaluating potential process improvement strategies, enabling
healthcare professionals to perform effectively in the ED’s.

The majority of study findings consistently demonstrate the effectiveness of DES in optimizing ED
operations and reducing patient LOS. Evidence shows that targeted resource reallocation and
improvements in triage flow can significantly decrease average LOS without necessitating major
structural changes. In contrast to earlier studies that relied primarily on assumed or literature-based
service time distributions, most of the reviewed literature employed real-world hospital data and
stakeholder input, thereby enhancing both accuracy and applicability. Furthermore, while prior
research has often been constrained by limited validation, the models examined in our review were
cross-validated against historical performance metrics and refined through staff engagement
workshops, strengthening their credibility and contextual relevance. These comparisons underscore
not only the robustness of DES as a strategic planning tool but also the importance of tailoring
simulation parameters to institutional contexts. Accordingly, this review contributes a more
validated, data-driven application of DES with practical implications for ED operations management

DES also offers a promising strategy to broadly improve operational efficiency in emergency
departments. Based on a literature study conducted, a case study by Zamani (2022) explained that
the implementation of DES improves service quality through a decrease in LOS by 16.32 minutes,
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respectively. This condition resulted in significant outcomes. By rethinking and redesigning core
processes, ED can better manage patient flow, reduce patient overcrowding, and improve service
quality (Baril et al., 2019). Systematic implementation of DES allows for improved patient outcomes
and operational performance, addressing the complexity of emergency department operations
(Valipoor etal,, 2021). Hospitals can significantly improve outcomes and resource utilization through
innovative approaches, ensuring timely and effective patient care. Overall, DES functions as a catalyst
to achieve a comprehensive improvement in emergency departments, setting an example for
improving healthcare delivery.

CONCLUSION

This study underscores the potential benefits of DES in emergency departments (EDs). Our findings
suggest that DES should be considered a key intervention for alleviating patient length of stay (LOS).
By modeling alternative scenarios, DES offers valuable solutions for enhancing the quality of ED
services. However, prior to implementation, an initial analysis is essential to determine the most
suitable scenarios for system modification. To establish a comprehensive approach, further research
is warranted to examine and evaluate each scenario in greater depth.
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