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Abstract: This review aims to clearly explore how Discrete Event Simulation (DES) has been used to
optimize resource utilization and reduce patients wait times in a healthcare general, and more specifically,
with a focus on patients’ care. This review integrates all the present studies in which DES has applied to
simulate various healthcare activities, analyze the existing constraints, and optimize performance. The
findings suggest that DES is a useful mechanism for healthcare managers to leverage for decision making
purposes in relation to distributing resources, on the flow of patients and optimizing services. The review
demonstrates that DES can be used in emergency departments, outpatient clinics, and different integrated
systems of healthcare. Nevertheless, pointed issues like poor quality data, increased model complexity and
certain level of implementation barriers were discerned. This review provides suggestions for further research

direction and potential application of DES in the health care industry.
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1. Introduction

The healthcare sector has been facing challenges
concerning the efficient utilization of the limited
resources and at the same time maintaining the
quality of service delivered to patients. This
situation explains why heath care offices are
advocating for efficient usage of their resources
as patient population increase and care demands
go up. Discrete Event Simulation (DES) has
therefore been established to solve these
challenges since it provides strategies where
managers can model complicated systems and
both analyze flows and measure impacts of
different intercessions on patients’ care . New
research has also confirmed the applicability of
resource allocation in different forms of health
system through DES. The study by Mwanza et al.
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(2023) showed that integrating of DES with
simulated annealing proves to increase
maintenance workflows in healthcare facilities
and increase operational performance and cost-
effectivenes. In the same way, Simwita (2023)
adopted DES to consider a hew model of care,
including other personnel who are not surgeons
in operations to solve minor orthopedic issues
and reduce the waiting time for patients. These
results highlight the significance of DES as a tool
that can simultaneously improve efficiency and
optimize patient satisfaction by reducing delay in
healthcare service delivery.

Further, the integration of DES with advanced
analytics and other Machine Learning algorithms
has taken the application of this to healthcare
resource  management to the next level.
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According to  Atalan et al.2022, explored
integrating machine learning algorithms into DES
to forecast the true cost of healthcare resources to
enhance decision making in resource usage. This
integration of DES and data analysis
methodologies is essential to not only create
adaptive healthcare solutions to ever-changing
patients” needs and irregular and unpredictable
availability of resources, but also for progressing
within the healthcare system as a whole
(Adeyemi et al., 2023; Ordu et al., 2023). After
COVID-19 pandemic, the challenges have
intensified the importance of implementing
effective resource management solutions in
health sectors. Studies have shown that more
extensive applications of DES include using it to
model patient flow and, more importantly, to
assess bed capacity during crises; this marks the
goal of the study by Bae et al., which sought to
evaluate bed demands due to the effects of a
pandemic (Bae et al., 2020). The like applications
demonstrate the relevance of DES is not confined
to the normal routine operations but also in
emergency disaster management and response.

The purpose of this systematic review is to
examine scholarly works of literature on how
Discrete Event Simulation has been used to
optimize allocation of resources and reduce
patient waiting times within healthcare facilities
over the last five years. This paper focuses on
analyzing recent development and use of DES to
understand its ability to enhance patient care
outcomes as well as organisational performance.
The findings shall help in the understanding of
how DES could be used in coping with ongoing
problems in healthcare systems worldwide
especially in resource management and patient-
centred care (Forbus & Berleant, 2022; Monks &
Harper, 2023). In conclusion, as the delivered
healthcare farther develops, Discrete Event
Simulation might be considered among the most
effective ways in improving the existing
approaches to the distribution of resources, the
reduction of the time that patients spend waiting,
and the increase of the quality of their treatment.
These are themes will be expanded on in this
review, with regards to the transfomations that
DES has brought to the management of
healthcare.
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Overview of Discrete Event
Simulation (DES)

Discrete Event Simulation (DES) is a powerful
modeling methodology that helps identify the
discrete nature of events corresponding to the
functioning of a complex system in time. This
approach is particularly applied in fields such as
health, production, transportation, and computer
networks, where systems are thought to be in a
state of evolution and contain stochastic
processes. The literature review emphasizes the
modern development and use of DES techniques
and methods with an emphasis on their
applicability and performance when solving real-
world challenges.

Components of DES in Health care

Model Development: DES models in healthcare
embrace entities, such as patient and resources,
events including patient arrival and task
accomplishment, as well as activities like
treatment and consultation. The first process in
model development is data collection process of
the healthcare system under consideration. Such
data might be gathered through direct
observation, chart reviews, or interviews of the
staff (Harper, et al, 2019). It will be succeeded by
modeling the healthcare system according to the
elucidated entities, events, and activities, and data
collecting and analyzing.

Model Simulation: Once the model has been
created, it is used to simulate data. The DES
software usually run the system for a fixed period
of time and gather all the ration metrics including
the waiting time, the use of resources, and the
patient status. It provides simulated environment
that can be used to examine and troubleshoot the
system’s outcome based on potential scenario and
interim actions or interventions (van Lent et al.,
2017).

Model Analysis: The simulated data collected
are then used to performance assessment of the
system and to determine any changes required.
For this wvarious statistical methods and
visualization techniques can be wused. For
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instance, histograms, scatter plots or box plots
may be used to present performance measures
according to Hollingsworth and Skeen (2020).

Role of DES in Healthcare
Applications

DES has been increasingly applied in the
healthcare organizations mainly to manage the
patient flow and resources. For example, Taleb et
al. (2023) combined DES with machine learning
to manage the number of ICU beds in response to
covid-19 and showed great success in the
reduction in patient waiting times (Ortiz-Barrios
et al., 2023). One more research demonstrated the
use of DES for studying clinical trajectories,
which may enhance the treatment time and
patient’s effects (England et al., 2021). Discrete
Event Simulation (DES) has emerged as an
essential tool in healthcare applications, such as
designing a robust infrastructural framework for
simulating health care systems and actual
healthcare strategies. This summary highlights
the extent of work done through DES in different
healthcare settings , emphasizing its role in
improving  operational efficiency, resource
allocation, and patient care.

A. Operational Efficiency and
Resource Management

DES has been widely applied to optimize and
improve decision making in care delivery in all
specialized areas of health services delivery. It
has been demonstrated that DES can be used to
show that emergency department patient flow and
resource use can be optimized to decrease
waiting  time and increase  patients’
throughput(Fun et al., 2022; Shakoor et al.,
2020). Accurately, by simulating different
possible situations, such as rise in demand,
increases in difficult cases, changes in
epidemiological patterns or the addition of new
methods, healthcare managers can identify
bottlenecks and how resources can be allocated in
ways that will allow a facility to meet patient
expectations without comprise in quality patient
care(Mistarihi et al., 2023; Singla, 2020).
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B. Patient Flow Optimization

The application of DES in optimizing patient
flow has been particularly demonstrated. It is
proven that DES can analyze and enhance the
process of medical consultation in the
rehabilitation cardiology units as well as provide
main points of focus for improvement (Improta et
al., 2022). Further, research on outpatient
departments has shown that synchronizing
consultation start times with the pattern of
delayed patient arrival can help signifaicantly in
reducing wait times(Fun et al., 2022).

C. Impact on Healthcare

Delivery During Crises
Importance of DES was further demonstrated
during the COVID-19 pandemic, where it was
used for planning and response. Several studies
used DES to analyze the effect of the pandemic
on the number of hospital beds and patient flow
(Bae et al., 2020; Garcia-Vicufia et al., 2020). For
example, data-embedded DES was utilized to
forecast the number of beds and staff needed
depending on variations in patient admission due
to the pandemic(Lay et al., 2020).

D. Integration with Other
Technologies

New developments have shown usage of DES in
combination with other modeling approaches,
including Agent- based modeling and Machine
Learning, to improve the prediction and decision
making(Anagnostou et al., 2022). The combined
nature of this approach often proves to be a more
effective way of understanding healthcare
systems, stakeholders can model different
interventions and consider the effects they may
have (Harper and Mustafee, 2019) .

E. Cost Analysis and Financial
Implications

DES has also proved valuable in the execution of
cost evaluations within  the healthcare
organizations. It has been used in a range of
studies to assess the efficiency and feasibility of
various staffing and resource distribution
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strategies to serve as a guide in implementing
cost-efficient yet effective spending at healthcare
facilities (Atalan, 2022; Atalan et al., 2022).
Additionally, one study discussed the variability
in costs of staffing with differing numbers of
healthcare employees in emergency department
settings and showed how DES may be used to
can inform financial decision-making (Atalan,
2022).

F. Future Directions and
Research Opportunities

From the review of literature , it can be seen that
there is a growing trend on the use of DES in
various healthcare sectors, and this paper
suggests further directions for the research in
challenging fields, including the telehealth and
chronic disease care, and integrated care
paths(Taleb et al., 2021; Vazquez-Serrano et al.,
2021). In the future with the increased focus on
complexity, growth and development of
healthcare, the flexibility and scalability of DES
will be very crucial in solving these emerging
issues (Vazquez-Serrano et al., 2021

2. Methodology

The process of selecting articles for this
systematic review included accessing different
databases such as PubMed, Scopus, IEEE Xplore
and similar with articles published in the last five
years. The search terms included; Discrete Event
Simulation, healthcare, resource allocation, and
wait times. The criteria regarding inclusion of the
studies were set up in order to identify all studies
that apply DES as the major modeling approach
in the healthcare context. An initial search
returned 311 articles and based on the initial titles
and abstracts; irrelevant studies were filtered out
resulting to 75 articles for detailed analysis. The
selected studies were organized according to the
area of application, the method used in the
studies and the identified outcomes which are
linked to the efficient use of resources and
enhanced patient care.
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3. Results and Findings

Discrete Event Simulation (DES) has emerged as a
powerful tool in healthcare for optimizing resource
allocation and reducing wait times, ultimately
improving patient care. The systematic review of
literature from 2019 to 2024 reveals a growing body
of evidence supporting the effectiveness of DES in
various healthcare settings, including emergency
departments, outpatient clinics, and surgical units.

The findings of the review revealed several key
insights as mentioned below.

i More research has pointed out that the
adoption of DES can help to reduce the
patient turnover times and reduce
patient wait times. For instance, a study
at the British Columbia Cancer Agency
found that through simulation-based
interventions, the average wait time for
outpatient services have been decreased
to as much as 70% . In the same way,
agreeing on Virtual Rapid Access
Clinic in neurology meant a 15 day
decrease in average wait time.

ii. Improved Resource Utilization: It has
been also demonstrated that DES can
improve the effectiveness of service
delivery in health sector. For instance,
when analyzing the case of infusion
centers, it was discovered that DES
enhances patient movements by 8.5 per
cent as patterns of work flow are
optimized. It is for this reason that DES
has been proven effective in the
management of health resources in that
it has a double advantage.

iii. Patient Satisfaction: In integrating
DES, not only does it target operating
factors, but the mean adjacent to
emphasizing  patient  satisfaction.
Available literature shows that the
reduction of wait time enhances the
patient satisfaction rating. For example,
a quality improvement project of
oncology revealed an improvement in
patient satisfaction when measured
from the time they began chemotherapy
treatment and the amount of time they
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have to wait before they are
administered.

iv. Application Across Various Settings:
To that effect, this paper examines how
DES is used in multiple related
domains of healthcare. Research has
applied DES in the emergency
departments, particularly to the issue of
patient throughput.

V. Cost-Effectiveness: HI also highlighted
that implementing DES has also been
linked with cost saving. Healthcare
industries can, therefore, diminish their
operational expenses by eliminating
avoidable hospital admissions and
efficiently utilizing available resources
to provide care that is at least as
efficient as before.

4. Discussion

The findings from the systematic review underscore
the critical role of DES in transforming healthcare
delivery. The ability of DES to model complex
healthcare processes allows for the identification of
bottlenecks and inefficiencies, enabling targeted
interventions that lead to tangible improvements in
patient care.

i. Integration with Technology: They also
found that the effectiveness of DES is
improved with the implementation of other
related technologies including telemedicine
and electronic health records. For instance,
eConsult in rheumatology have proved to
reduce working wait times and increase the
healthcare access. Such a combination of
DES and technology can also improve the
outcomes of patients and make several
processes more efficient.

ii. Challenges and Limitations: Nevertheless,
the successful use of DES is not without
limitations and this section seeks to briefly
expound on them. Some of the limitation
that may arise while using DES are; Data
availability, model complexity and
interdisciplinary collaboration challenges.
The realization of these challenges
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therefore calls for a one joint effort from
the administrators in the health sector,
policy makers and the practitioners.

iii. Future Research Directions:
Recommendations based on the study
include a need for further studies that
extend pursuit of the use of DES into other
domains of healthcare that includes mental
health services and chronic disease
management. Further, future research on
the effectiveness of the implemented DESs
in the primary objectives of patient care
and cost savings will be crucial in
understanding the utility of DESs across a
spectrum of healthcare systems.

5. Conclusion

The review highlights the enormous potential of
Discrete Event Simulation in optimizing resource
allocation and reducing wait times in healthcare
sectors. By enhancing operational efficiency and
improving patient satisfaction, DES serves as an
important tool in the ongoing efforts towards
improvement of healthcare delivery.. As the field
continues to advance, ongoing research and
application of DES will be essential in shaping
the future of healthcare delivery. The recent
advancements in Discrete Event Simulation
reflect its growing importance across various
sectors. DES has been improved and
complemented by such technologies as machine
learning, process mining, and the use of new
simulation approaches. Paying attention to the
future development of industries, it is possible to
further enhance the significance of DES as a tool
to enhance business operations and decision-
making in the researchers’ and practitioners’
context.

6. Recommendations
i.Enhance Data Quality: It is recommended that
healthcare organizations start working on
enhancing the quality of the data provided as the
input to DES models.

ii.Simplify Model Complexity: Future
researchers and practitioners should consider
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working on building uncomplicated models of the
DES that will operationalise only basic variables.

iii.Stakeholder Engagement: Its equally important
to involve healthcare staffs and decision makers
in the whole process of simulation.

iv.Future Research Directions: Subsequent
studies should consider combining DES with
other approaches like machine learning as well as
optimization algorithms with a view of improving
the development of prediction models on query
response for operations in the healthcare domain.

v. Policy Support: Policy makers should know
the importance of simulation in health care and
endorse any endeavors that can help foster its
application, including providing support for
training and other resources needed to implement
the described evaluation method, DES, in health
care organizations.
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