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Abstract 

Emergency departments are the most important units of the hospital network, which present daily problems in their 

system due to inefficient resource management. The objective of this research is to study the various problems 

presented by emergency departments and how they have been solved using optimization and simulation models. 

Based on the implemented methodology, 52 publications (books and articles) were collected, which allowed the 

investigation of the problems generated in the emergency departments and the models that helped to reduce or 

improve these problems. The most applied quantitative methodology is the simulation of discrete events and the 

most used software is the Arena simulator. Finally, the performance indicators used in the modeling of the system 

are the length of stay, arrival at the provider's door (doctor's door), rate of patients leaving without being attended 

and total waiting times. It is concluded that the application of the different models helps to improve the ED system, 

such as decreasing waiting times and reducing overcrowding. 
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1. Introduction 

Emergency departments are units belonging to hospital centers, responsible for providing medical care to patients 

whose pathologies or situation requires immediate care at any time (Lopez & Fernandez, 2017) .These services 

reflect the policy of universal coverage, in particular the obligation to provide health care, regardless of the 

economic capacity of the users (Elalouf & Wachtel, 2015).Emergency services around the world are showing a 

substantial increase in the demand for the service, including in countries with a strong health care network and 

coverage (Humberto, Jaen-Posada, Espinal Piedrahita, & Zapata Florez, 2018). This increase is due to different 

factors such as: older adults, high numbers of patients with chronic diseases, and behavioral changes related to the 

way people choose to access health services, i.e., people with primary care problems using emergency and urgent 
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care services to access medical care (Evan Berg, 2020). This situation is leading to increased total costs (Mason, 

Mountain, Turner, Arain, & Weber, 2014), shortage of bed availability, occupancy rates exceeding 85% of the 

maximum efficiency level, and increased overcrowding (Gardner, y otros, 2018). This last problem is generating 

multiple consequences on system performance such as: reduced hospital service quality, low performance 

standards, adverse health outcomes such as mortality (Joanne E Coster, 2017); increased waiting time and length 

of stay (Jimenez-Barragan, y otros, 2021). 

 

The events that are occurring in emergency departments have led managers to implement strategies and 

management models for risk minimization in decision making, optimization of healthcare resources in the patient 

care process and exploration of new opportunities for improvement in the system (Burns, 2017) . These strategies 

arise with the purpose of making healthcare institutions autonomous, highly sustainable and improving the quality 

of service and, in turn, satisfying the needs of users (Varney, Weiland, & Jelinek, 2014). 

The following are literature reviews that studied the problems presented by hospital emergency departments 

and the development of operational research models that allowed the improvement of management 

(Velásquez-Restrepo, Rodríguez-Quintero, & Jaén-Posada, 2011)  .One of the reviews identified the problems 

and areas for improvement in the ED, in order to design a strategic plan with needs and resources analysis 

involving a better distribution and utilization of healthcare resources (WaleedAbo-Hamad & AmrArisha, 

2012). Green and Liu (2015) use queuing theory to study the capacity of an obstetric unit in New York City. 

They conclude that a large fraction of obstetric units could probably reduce their bed capacity without 

sacrificing timely access to care. Noyes (2008) develops a simulation model that represents the activities in 

the emergency department at Deaconess Israel Beth Medical Center, a Harvard teaching hospital, with the 

goal of evaluating patient flow. With the application of the model, new policies are proposed to improve 

service times such as: increasing the number of beds, reducing downtime between patients, among others 

(Pérez-Ciordia, F, C, Fernández-Martínez, & Aguinaga). Finally, mixed methods study identifying the factors 

that cause bottlenecks in patient flow and prolonged ED stays (Farzane Asgaria, 2021). 

2. Background 

Lean Manufacturing, is known as lean, which refers to productive improvement and optimization, whose 

focus is to make them more efficient, reduce costs and waste (Orozco, Cuervo and Bolaños, 2016). This term 

was initially used by "...John Krafcik", when explaining that "lean" refers to concrete, precise or lean 

production, because it uses fewer resources, comparing it to mass or large-scale production (Vargas, 

Muratalla, & Jiménez, 2018, p.5). 

 

In the vicinity of the twentieth century it was evident the development in various sectors of the economy, the 

concept of mass production, conceived and developed in the automotive sector, which found in Taylorism 

and Fordism, its maximum exposure. But this not only referred to the manufacture of products in large 

volumes, but also encompassed a fairly broad system of markets, technologies, economies of mass production 

or scale and inflexible rules. Taylorism, according to Bounine, was the proponent of the scientific method of 

division of labor, chain production, and the elimination of control or autonomy that the worker had over how 

to develop his work, but that, in the long run, did not get the expected sales because it increased production 

cycles and inventories. 

3. Method 

As a search strategy, articles were selected that met the following criteria: 1) those that address the problems 

presented by emergency departments based on the application of operations research methodologies; 2) those 

that implement simulation and optimization models (qualitative and quantitative) in the search for optimal 

solutions; and 3) those whose publication date does not exceed 10 years.The databases Scielo, Science Direct, 

Redalyc, Dialnet, PubMed and Google Scholar were consulted using keywords such as Discrete Events, 

Patient Flow, Overcrowding, Emergency Department, Simulation. Finally, the selection was made by 

reviewing the title, abstract and conclusions of the articles. 
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Finally, 52 publications were selected, research and review articles (92%) and books (8%). Graph 1 lists the 

articles according to the country where they were published. 

Figure 1. Number of articles by country of publication. 

 

4. Results 

The search for information made it possible to identify the problems to which emergency departments 

are constantly exposed (Pryce, Unwin, Kinsman, & McCann, 2021). These problems, in general, have been 

associated with the absence of timely intervention in the management of services, and have an impact 

on different factors such as timeliness, continuity, quality and costs (Estrada-Atehortúa & Zuluaga-Gómez, 

2020) . 

 

The research articles that provided optimal solutions for the improvement of service delivery considered 

the following objectives: 1) To analyze the benefits of the application of quality improvement methods 

in emergency departments (Paloma Martínez & Cavazos, 2015); 2) To design a model for decision making 

in the presence of changes in the system [19]; 2) To design a model for decision making in the presence 

of changes in the system (A.Hussein, F.Abdelmaguid, S.Tawfik, & G.S.Ahmed, 2017). The objectives made 

it possible to consider certain decisions for the improvement of the emergency department, such as the 

incorporation of medical personnel when a certain number of patients are reached during peak demand 

hours, an increase in the number of beds in the observation area, the creation of a priority policy for 

care, and the elimination of activities that generated reprocessing. 

 

As for the performance indicators (Kpis) (Chinchilla, Oliveros, & Forero, 2017), it is observed in Table 1, 
those most frequently used to evaluate the system were: length of stay (LoS), total waiting time (TWT), 
arrival time at the doctor's door (ATP), degree of congestion (NEDOCS) and highest rate of patients 
leaving without being seen by a medical professional physician (LWBS), etc (Konrad, y otros, 2017). 

Table 1. Performance indicators used to evaluate the emergency department system. 

 

Indicador Reference % 

Degree of congestion (NEDOCS) [18] 
7% 

Length of stay (LoS) [18], [21], [22], 
[24] 

27% 

Arrival at provider's time ("door to doctor") (APT) [20], [22]  

13% 

Loss of accumulated time (processes) [21] 
7% 

Rate of patients leaving without being seen (LWBS) [21], [25]  

13% 

Number of concurrent patients (WP) [21] 7% 

Variability of the length of stay of patients [22]  

7% 

Total waiting time (TWT) [26], [27] 13% 

Adequacy of bed management [27] 7% 

 

Table 2 below shows the models used for solving emergency department problems. 
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Table 2. Optimization and simulation models 

 

Modelo Referencia % 

Discrete event simulation 
[13], [19]–

[21][28]–[34] 
46% 

Queuing theory [35] 4% 

Cumulative priority queue [24] 4% 
 

Mixed integer programming [36] 4% 
 
 

Pragmatic and cluster randomized trial. [37] 4% 
  
 

Process facilitators [25] 4%  

Descriptive statistics [38] 4%  

Lean manufacturing [17] 4%  

Six sigma [18] 4%  

Retrospective analysis 
[27], [39], 

[40] 
13%  

Genetic algorithm [41], [42] 8%  

 

Table 3 shows the software used in the optimization, simulation, statistical and mathematical modeling 

models. Although several software tools were used, the Arena software is presented in greater frequency. 

 

Table 3. Software used in the models 

 

Software Referencia % % 
Total 

Optimización IBM 

ILOG 

CPLEX 

[36]  

6,25% 
 

6,25% 

Simulación ARENA [17], [20]– 

[22], [24], 
[28]–[30], 
[35] 

 
56,25% 

 

 

 

 
 

75,00% 

SIMIO [19] 6,25% 

SIMUL8 [18] 6,25% 

Microsoft 
Excel 

[38] 
6,25% 

Estadístico IBM 

SPSS 
Statistics 

[25]  

6,25% 
 

 

 

 
18,75% 

STATA [40] 6,25% 

SAS 

(Statistical 

Analysis 

System 

[39]  
6,25% 

 

5. Discussion 

Discrete-event simulation occurs when the equipment, modification in scheduling policies, process 

design, distribution redesign, and the impact of changes in demand (Oh, y otros, 2016). Applications of 

discrete event simulation Chongsun Oh et al (2016), applied discrete event simulation to decrease length 

of stay to less than 3 hours for 80% or more of patients, maximize productivity, and reduce operating 

costs. Simulation modeling allowed ED managers to make decisions about operational changes using 

quantitative information on the impact of hypothetical scenarios on key performance measures (Yang, 

WeiLam, M.W.Low, & HockOng, 2016) David Hernandez, Camacho & Duarte (2017), implemented a 

discrete event simulation model that will represent the system and its variables (patient arrival, length 

of stay, delays in care and required staffing), based on a new population segmentation (days of stay and 

pathology); This allowed a better causal analysis of the days of stay in the system, achieving a 14% 
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improvement in length of stay and a decrease in queue waiting time (Ratnovsky, Rozenes, Bloch, & 

Halpern, 2021). System variables change value instantaneously, corresponding to the occurrence of an 

event that generates alternation in the state of the model (Cildoz, Ibarra, & Mallor, 2019).  

The simulation considers the variability in the time of the system in the analysis, the randomness of the 
possible events that may occur in the progress of the simulation and the ability to animate the movement 
of the entities (patient or staff) that flow within the model, which allows studying the behavior of the 
system during the course of the simulation period (Taype-Huamaní, Chucas-Ascencio, Cruz-Rojas, & 

Amado-Tineo, 2019). Also, the model is shaped by rules that govern the movement of the entities, the 
processing activity of the resources and the state variables collected by the user, allowing to capture the 
uncertainty related to the arrivals to the system and the interactions between the human resource and 
equipment (Stanford, Taylor, & Ziedins, 2013). Several researchers have implemented discrete event 
simulation in emergency departments to model patient flow. Their goal is to identify problems that cause 
long waiting times or customer dissatisfaction, in order to improve the quality of service (Antoni Juan, y 

otros, 2010). The improvement changes that are commonly made to emergency services with the 
application of discrete event simulation are: addition of staff, beds or Delgado & Mejía (2010), 
developed a simulation model in which the types of patients admitted to the emergency department were 
identified; after several analyses, the best alternative obtained was the modification of the physicians' 
schedule of care to reduce the patient's length of stay (Allyson M Best 1, Kelton, Lindsell, & 5, 2014). 

Queuing theory makes basic assumptions about a system to perform mathematical formulations 

describing the flow of service in order to predict waiting times. A central tenet of this model is that 

variability in the arrival process is unpredictable or predictable but unmanageable. Arrivals are generally 

assumed to be "Markovian" or random, so they do not probabilistically affect future arrival patterns; the 

arrival pattern is also assumed to be constant, although the actual realization of arrival times can be 

highly variable. The system is designed based on queuing disciplines (priorities) that describe the order 

in which service is provided. Some commonly used disciplines include first come, first served (FCFS), 

where patients are stratified and patients are stratified and the highest priority class that has been waiting 

the longest (Palomera, Ángeles, & León, 2010). Some research articles show that queuing model can be 

used efficiently in healthcare. Where emergency department performance (patient flow) and available 

resources can be studied. This model considers the emergency medical system as a network of queues 

and different types of servers where patients arrive, wait for a service, receive outcome and then go 

home or are admitted to a hospital unit (Encina & Puente, 2011). 

Rodriguez et al (2017), proposed a strategy that allows understanding the relationship that exists 

between service demand, number of physicians and patient care priority. Applying queuing theory 

allowed calculating the minimum number of physicians needed to satisfy the current and future service 

demand, with the same service times and the same service discipline. 

Priority queuing in systems has been used under the assumption that customer classes have fixed 

priorities, that no customer of a given class is admitted to service as long as there are customers present 

from higher priority classes. However, this logic does not work for all systems, hence comes the 

cumulative priority queuing theory, where users accumulate priority as a linear function of their time in 

the queue: the greater the urgency of the client class, the greater the rate at which that client accumulates 

priority. When the server becomes free, the client with the highest accumulated priority at that time is 

the one selected for service (Blake, Carter, & Richardson, 2016). 

Cildoz, Ibarra & Mallor (2019), because the established objectives were not being met when 

overcrowding was present, decided to implement cumulative priority queue management policies in the 

emergency department. In which four priority rules were proposed: PR-1C, (prioritizes the first 

consultation) PR-2C (prioritizes the second consultation) PR-AI (prioritizes patients according to their 

disease acuity index, and within each priority prioritizes the first consultation over the second) and PR-

HN (combines PR-AI for high priority patients with PR- 2C for medium and low priority. The results 

showed that for emergency departments with low demand, the PR.2C policy works better than the other 

rules and for higher demand, the PR.2C policy works better than the PR.2C policy rest of the other rules 

and for higher congestion the PR-1C policy. 
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Lean manufacturing studies the process for the elimination or reduction of agents that do not generate 
value (waste). Thus, Lean principles are divided into value-added and non-value-added activity; the 
former contribute to satisfy the user's needs and the other takes time, space or resources that does not 
meet the customer's requirements (Luo, y otros, 2018). In healthcare 95% of operations are non-value-
added and only 5% are value-added. The eight wastes that can occur in this service are the following: 
Defect: time spent looking for something missing in the supply room; overcrowding: unnecessary 
diagnostic procedures or too much laboratory testing; transport: unnecessary movement of patients, 
specimens or materials throughout a system, often as a result of poor design; Wait for service; inventory: 
excess inventory, storage, movement, spoilage or waste all have a cost: movement: moving: moving 
employees from one room to another; Excessive processing. Describes work not valued by patients or 
caused by rules that are not aligned with patients' needs; and Human potential: employees are not 
engaged due to physical exhaustion from long workdays. 

Martinez et al. (2015), To improve patient care time, Lean manufacturing was applied, First, the current 

state of the processes is established and subsequently the factors that generate delays are identified. The 

results of the improvement proposal show a 54% decrease in the cycle time, 96% improvement in the 

generation of the output order and 20% improvement in the admission to consultation. Lean becomes a 

viable and low-cost practice in emergency departments. 

Six Sigma is a management system that seeks to improve the efficiency of processes, reducing defects 

to achieve improved quality and customer satisfaction. Its philosophy is based on reducing variation and 

activities (without added value) that result in long cycle times, high cost and poor results. Six Sigma 

uses the "Define, Measure, Analyze, Improve and Control" improvement cycle of traditional continuous 

quality improvement techniques. Of traditional continuous quality improvement techniques in order to 

achieve variance reduction objectives. A process operating under true Six Sigma levels produces 

acceptable quality levels more than 99.99% of the time. 

The development of this model in emergency departments has achieved optimal results such as reduced 

errors and cycle times, improved quality of service and patient flow, and decreased costs. Hussein et al. 

(2017), used six sigma methodology to improve emergency department performance by reducing the 

degree of congestion and patient length of stay. Software was used to analyze and evaluate the impact 

of the suggested system redesign implementations on ED performance. The results indicate that the Six 

Sigma-Simulation presented has proven to be versatile in providing guidelines, developing and 

evaluating different improvement scenarios. It provides a more systematic improvement methodology 

rather than relying on personal intuition and judgment in proposing improvement scenarios and 

evaluating their results through simulation experiments. This approach can also be used to improve the 

performance of other healthcare management systems, taking advantage of their potential to 

substantially improve and develop medical services, particularly considering their low investment cost 

. 

The retrospective analysis study is a type of study in which researchers search for patients and collect 

information about their medical history. In this study, the researcher uses historical data to analyze 

patient outcomes and review whether they have suffered from any disease, also observing the current 

health status of individuals. 

Chaou et al. (2016) To collect the requested data are extracted by the administrative staff of the 

emergency rooms, where there is a database control. On the other hand, the arrival time of the physicians 

is divided into 8-hour shifts, leading to not generate idle time among the medical staff and that all 

patients can be attended in their entirety. In addition, the triage classification triage classification for a 

better coverage of patients by level. 

In the retrospective study, analyses are performed using statistical methods such as standard deviation 

and mean. Through these methods it can be observed that most patients can be discharged from the 

emergency department, because they do not have a serious illness to move to the next phase, which is 

hospitalization. Finally, it is considered that the retrospective analysis study is extremely important to 
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identify patients who need more advanced care in order to reduce overcrowding in the emergency room 

and to discharge patients who do not have a chronic disease . 

Daldoul et al (2018), to cope with the remains of the emergency department, proposed an approach to 

optimize human and material resources and minimize patient waiting times. A mixed-integer 

programming model is planned, which can be solved using a sample mean approximation approach. 

sample approximation. For this purpose, the ILOG CPLEX Optimization Studio software was used. The 

performance obtained from the optimization model was compared with what currently exists in the ED. 

The results of the experimental study show that the proposal improves the average patient waiting time 

by up to 23.24% . 

The genetic algorithm is an adaptive method that can be used to solve optimization problems and works 

to determine the allocation of resources in emergency rooms. On the other hand, the genetic algorithm 

is capable of creating solutions to everyday problems. This method has 16 variables, which it can 

effectively recognize and identify the optimal allocation of resources. These algorithms have as their 

starting point a set of random solutions. 

Azadeh et al (2014), patient scheduling is required in emergency laboratories according to the priority 

of treatment in order to minimize the total waiting time, genetic algorithm (GA) was proposed to provide 

a solution to this problem, response surface was applied to adjust the GA parameters. In order to 

demonstrate the superiority In order to demonstrate the superiority of the proposed approach, it has been 

applied to a real emergency in the department. A full computer simulation of the application case has 

been performed. Simulation experiments reveal that the proposed approach improves the performance 

of patient scheduling in the emergency department and makes efficient use of available resources. 

6. Conclusions 

Several researchers are interested in improving the performance of the emergency department in the 

United States, Canada and Europe, where the largest number of studies is evident. The articles show 

that the most common problems affecting the emergency department system are: overcrowding, long 

waiting and stay times, lack of bed availability and inadequate management of resources; factors that 

generate poor quality of service and user dissatisfaction. 

To counteract the aforementioned problems, different optimization and simulation models have been 

applied, the most predominant of which is the discrete event simulation model with 46%, since it adjusts 

to the system variables, which change instantaneously due to the occurrence of an event (higher demand, 

high staffing, limited resources, etc.). This model has made it possible to study the behavior of the 

system, allowing managers to make appropriate decisions in the management and control of the service. 

During the modeling of the system, simulation (75%), statistical (18.75%) and optimization (6.25%) 

software was used, considering that the most widely used was the Arena simulator. In addition, 

performance indicators that allow evaluating the evolution of the system were taken into account in this 

modeling, such as length of stay (26%), arrival at the provider's door (doctor's door) (13%), rate of 

patients leaving without being attended (13%) and total waiting times (13%). 

With the application of the different models, optimal results were obtained that allowed improving the 

performance of the emergency system, reducing waiting and stay times, and optimizing resources, in 

order to provide a quality service that meets the objectives and organizational policies of the entity. 
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