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Abstract 

Emergency departments in Sweden are usually struggling with long waiting times, delays and 

bottlenecks in the system. The National Board of Health and Welfare and the County Council 

of Västra Götaland have established to decrease the average time a patient stays in an 

emergency department as important priority as well as the waiting time to be seen by a 

nurse and by a physician.  

Healthcare systems are usually characterized by its complexity because of the variability and 

stochastic nature of the different processes involved in the flow of patients, staff and 

resources. In order to increase the use of the existing resources and to reduce the waiting 

times of patients, a system improvement methodology involving discrete-event simulation 

and process analysis has been used. In this project a computer-based simulation tool was 

applied at the emergency department of the hospital Kärnsjukhuset in Skövde, which 

belongs to Skaraborgs Sjukhus and is one of the largest emergency departments in the 

region of Västra Götaland. A three-dimensional model was created to help visualize and 

understand the problems, as well as to identify improvements by the different stakeholders 

involved. Continually, the simulation model was modified to test possible improved 

scenarios with the aim to increase the service level of the system.   

The design, implementation and analysis of these scenarios have provided decision makers 

of the emergency department with the necessary information to implement or reject the 

ideas of the different improved scenarios. Some of these scenarios had a significant impact 

with small changes so they were implemented in the real system; some others had non-

significant impact in the results so they were not implemented. The main result of this 

project has been to identify which system changes will lead to a reduction of the different 

waiting times of patients. In addition, the simulation and experiments of future solutions 

show a more efficient use of the existing resources. This design of a better configuration of 

the system gives Kärnsjukhuset the possibility to increase the service level of the system and 

to meet some of the requirements established by the County Council. This project shows 

that the use of simulation tools provides enormous benefits for healthcare system analysis 

and improvement; new ideas and scenarios can be designed without disturbing the normal 

activities of the hospital, saving considerable time, money and resources. 
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1 Introduction 

Emergency departments (EDs) in Sweden are usually struggling with long waiting times, 

delays and bottlenecks in the system. Healthcare services and especially EDs are highly 

complex, often safety critical and both the supply and demand sides involve millions of 

people, costing trillions of dollars around the world (Young, et al., 2009). The National Board 

of Health and Welfare has established new priorities for the Swedish healthcare system. 

Important priorities for all the EDs of the region of Västra Götaland are to decrease the time 

patients stay in the system as well as the waiting time for triage and to meet a physician. The 

actual average waiting times and length of stay at the ED of the hospital of Skövde 

Kärnsjukhuset are way over the maximum objective values imposed by National Board of 

Health and Welfare and the regional County Council. 

Hence, it is necessary to reduce the different patients´ waiting times and length of stay at 

the ED in order to increase the service level of the ED and to achieve the established 

priorities of the Swedish healthcare. With the help of system analysis and improvement 

tools it is usually possible to increase the service level of healthcare systems reducing the 

waiting times of patients and the idle times of physicians and nurses.  

 Background 1.1

Healthcare facilities and specially ED are very complex systems to design, maintain and 

improve mainly due to the stochastic behaviour of many processes involved in the system. 

There are many reasons that make these kind of systems so complex and stochastic but the 

main reasons are: the huge amount of different resources involved in the process flow, the 

uncertainly of these processes occurring at the different moments of time and the high 

possibility of resources to be needed at the same time (Young, et al., 2009). There are many 

people associated with many resources in the flow of the ED; including patients, physicians, 

nurses, auxiliary nurses, ambulance staff and administrative staff. 

Common problems in healthcare systems are the flow of patients, staff schedules, facilities 

capacity and design, admission/scheduling, appointments, logistics and planning. 

“Healthcare problems are specially complicated by the fact that “people serve people”, 
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meaning people are both the customer and the supply” (Roberts, 2011). It is commonly 

assumed that waiting is a part of healthcare processes and therefore, waits, delays and 

cancellations are usually expected both by patients and staff. Lately though, this view has 

been questioned and good reasons have been presented suggesting that delays and 

cancellations could be reduced or even eliminated from healthcare systems (IHS, 2003).  

Due to these reasons common improvement approaches applied in the industry have to be 

adapted to the healthcare sector. Usually, in healthcare systems there is much more 

variability and stochastic behaviours occurring in most of the processes. Therefore, to 

implement an improvement approach in a healthcare systems without the appropriate tools 

can become a really complex and tedious task. Simulation tools are one example of this 

adaptation of improvement approaches to healthcare facilities. 

Simulation is an analytical tool to obtain the results needed to create, maintain, evaluate or 

improve a system or process. The application of simulation technologies has increased 

considerably for the improvement of healthcare systems (Roberts, 2011). Simulation applied 

in healthcare has grown in a huge manner from the last 50 years. Since the early 1990s the 

level of work has grown rapidly (Robinson & Worthington, 2010). Discrete-Event Simulation 

(DES) is the main simulation tool applied for improving healthcare services even though 

there are also other tools e.g. system dynamics, Lean, agent-based simulation, and 

hybrid/combined methods that are also applied in the improvement of healthcare systems 

(Zulkepli, et al., 2012; King, et al., 2006; Pidd, 2012; Dickson, et al., 2007).  

Simulation software tools although often designed for industrial use, have been increasingly 

adapted to healthcare systems through enhanced visualizations and modelling (Roberts, 

2011). The most common use of simulation applied in healthcare and ED systems is to 

analyse what-if scenarios. New ideas, proceedings and behaviours can be evaluated without 

disturbing the real system or be developed even before a system is constructed (Ferrin, et 

al., 2007).  



Improvement of the service level of an emergency department using DES 

 

  

Enrique Ruiz Zúñiga  3 of 88 

 Problem description 1.2

Emergency departments in Sweden are struggled with long patients’ waiting times and 

bottlenecks in the system. The National Board of Health and Welfare has established new 

priorities in order to solve this problem. The priorities established in all the EDs of the region 

of Västra Götaland are to offer better treatments and services, to give more information and 

counselling to patients, activities to tailor staffing, to improve the flow and the logistics of 

the system and to get target figures for the business. The goals are very ambitious and a 

great deal of pressure is put on the different EDs to reach these goals (Delningen, 2009; 

Swedish Institute, 2012; Västra Götalandsregionen, 2012). 

 90% of the patients should get a triage within ten minutes from arrival (a triage is 

defined as the first examination of the patient when he arrives to the ED). 

 90% of the patients should see a physician within one hour. 

 90% of the patients should have a lead time through the system that is less than four 

hours (lead time is defined as the time from the arrival of the patient at the ED to the 

time when the patient leaves it). 

One of the most common problems at EDs are the patients’ long waiting times. These 

waiting times are often above the targets and are specially a problem for patients who are 

not severely ill and therefore not prioritized. These low priority patients usually stay in the 

waiting room while more severely sick patients arrive after them and go into the flow of the 

system before them. This is how the queue system of the ED is structure and usually patients 

are prioritized depending on the degree of illness and the time they have been in the waiting 

room. When a patient has been waiting for more than four hours, his priority level is 

increased according to the time he has been waiting. 

In the specific case of emergency department of Kärnsjukhuset (KSS ED), the flow of patients 

is under the objective values established by the County Council. The time from the patient 

arrival at the ED to the time he meets a nurse in the triage should not exceed ten minutes 

(Delningen, 2009). The reality of the ED of KSS is that it can in some cases take up to an hour. 
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The same occurs with the time to meet a doctor and the length of stay of patients; the 

values at the ED were far away from the established objectives. 

 Aim and objectives 1.3

The main aim of the project is to maximize the service level of the KSS ED. The objectives are 

to find the optimal configurations of physicians, personnel and work schedule, patient 

volumes, process flow characteristics and room type setup and number. More specifically, 

the aims of this project are to: 

 Define a conceptual model of the ED KSS. 

 Build a suitable detailed simulation model with a DES software tool to attain the 

different objectives of the ED. 

 Define a better configuration of the ED, in order to reach or narrow the gap between 

the ED figures and the County Council’s requirements. 

The conceptual model of the system is a detailed description of all the processes involved in 

the flow of patients. It is necessary to fully understand the system before a simulation model 

of KSS ED is built. The model has to include all the parameters that can become part of a 

better configuration of the system. Once the model is built, verified and validated it is 

possible to perform an exhaustive analysis of which parts of the system could be modified in 

order to improve different processes and waiting times of patients to increase the service 

level of KSS ED.  

 Methodology 1.4

In this section the steps used to develop this project are described, this include steps such as 

the conceptual model, the simulation model and the improved scenarios to increase the 

service level of the ED KSS. This project is a part of a larger study that is still running (2014).  

To be able to increase the service level of the ED through simulation, a virtual model of the 

real system has to be designed and built according to the necessities of the improvement 

approach. In order to build this simulation model, an analytical tool as DES is necessary due 
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to the high complexity and variability of healthcare processes. This model has to be built, 

verified and validated in order to design and test some improved scenarios at the ED with 

the aim to improve the system. Verification and validation are necessary to ensure that the 

model properly represents the real system as it is. 

With methodologies as DES it is possible to analyse the system and to increase its efficiency 

and the satisfaction of the patient in easier manner. For this purpose a computer-based 

simulation tool is applied at KSS ED, which is one of the largest ED in the region of Västra 

Götaland. In this project a 3D model of the system is created to visualize all the processes at 

this ED in a realistic way being able to involve the different staff of the system in the 

improvement process. 

In Figure 1 it is possible to see how the general tasks of this project are performed. Every 

step has to be necessarily developed in order to reach the correct performance of the 

improvement methodology of the ED.  

 

Figure 1: Project implementation steps. 

As shown in Figure 1, the first step in this project is the definition of the objectives. They 

have been defined based on the requested goals and tasks of the project according to the 

necessities of the KSS ED and the requirement of the National Board of Health and Welfare 

and the County Council of Västra Götaland. With these objectives it is possible to get a 

general idea of the mission of this project. An important issue is to consider what processes, 
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resources and staff are strictly necessary to take into account in the simulation model and 

which of them can be omitted because they are unnecessary for the improvement 

methodology.  

The next step is the construction of the conceptual model; it requires an important 

consideration in order to try to avoid possible future changes in the model afterwards. 

Applying changes in the construction of the model at this level is usually much easier than 

doing it in later steps. For this reason, when the conceptual model is carefully studied, built 

and checked; it is possible to continue with the general purpose and go to the next step: to 

build the simulation model. 

Building the simulation model, all the necessary processes are represented to understand 

the system. The insight of how the ED works is obtained and the features where the system 

can be improved are found. The model has to be validated and verified to check that the 

simulation represents the system as it is, without any failure and with all the aspects needed 

to build up new scenarios to increase the service level of the system. 

The next step is to perform a system analysis. The model has to be revised in order to find all 

the possible weaknesses of the real system. It is done checking the simulation, analysing the 

results and trying to find bottlenecks and shifting bottlenecks of the processes (Roser, et al., 

2002). These bottlenecks create the delays on the flow of the whole system, increasing the 

waiting times and reducing the throughput of patients. In this part of the project “what-if” 

scenarios are defined to check possible improvements in the existing configuration of the 

ED. 

 Limitations 1.5

One of the most important challenges when applying simulation tools over a real existing 

system is to know when to stop modelling. The programmer has to always keep in mind the 

question “how good is good enough?”. The challenge in this field is to know how deep the 

details of a model should be to yield helpful findings for the decision-making tasks of a 

system (Young, et al., 2009).  
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In this project, different assumptions have to be considered to facilitate and simplify the 

realization of the conceptual model and the simulation model of the KSS ED. Otherwise, it 

would be impossible to represent every single process related the patients at the ED in a 

simulation model.  

Due to this reason a list of assumptions to simplify the data collection and the modelling 

process of the system has to be defined. This list has to include different assumptions made 

at the beginning of the project as well as some assumptions that will be necessary during its 

development. Appendix 1 shows a table containing the list of considered assumptions. For 

instance, one of these assumptions is to do not include in the model the administrative staff 

due to that they are not related directly with the objectives of this project. Similar 

assumptions have been considering during the realization of this project to make it feasible. 

 Ethic and social impact 1.6

This project has a major impact in the healthcare sector of the society. Nowadays the 

implementation of similar procedures in healthcare systems is increasing every day 

(Brailsford, et al., 2009). This kind of implementation of simulation projects can follow 

different goals. There are two main application fields of simulation projects in healthcare 

regarding the end benefit.  

On the one hand, some healthcare simulation projects are applied in order to increase the 

service level of the end user, the patient. This one is the case of this project which has been 

developed to reduce the waiting times of patients. Consequently, the service level of the 

patients is increased. Others healthcare simulation projects can be applied to quantify or to 

ensure that some specific changes or ideas to apply in the system will achieve the expected 

results. These results could be the increase of capacity of some healthcare units or the 

reduction of times to develop some procedures. In this way the service level that the patient 

receives is also usually increased. 

On the other hand, there is another way to implement simulation studies in healthcare 

systems. This happens when the major priority of the goal of a project is the cost reduction 

regardless the service level received by the patient. The improvement of production or 
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throughput and cost reduction has been the most common goals for the implementation of 

simulation projects in manufacturing systems. Applying the same criteria in healthcare 

systems, it could end in a chaos for any patient needed of healthcare. Thus, it is necessary to 

ensure a minimum service level that the patient should receive when developing simulation 

project at any healthcare system.  

Due to the implementation of this project in the real ED, the waiting times and length of stay 

for all the patients in general at KSS ED will be decreased in a considerable way, hence, the 

major benefit of this project is the increase of the service level and satisfaction of the 

patient. 

 Thesis structure 1.7

Here follows a brief description of the different parts of the thesis report, summarizing the 

main topics of its chapters. 

The first chapter of this thesis covers the definition of the problem description, objectives, 

the methodology to develop the project and the limitations. Chapter 2 presents the previous 

work in the field of simulation of healthcare systems. After that, chapter 3 gives a brief 

description of the Swedish healthcare system, an explanation of the processes of KSS ED and 

describes every step to accomplish the simulation and the improved scenarios to increase 

the service level of ED KSS. Following, all the results of the simulation and the scenarios are 

introduced in chapter 4. The obtained results are discussed in chapter 5 where the 

conclusions and the future work subchapters are also included. Finally, chapter 6 contains 

the discussion of the results and development of this project, chapter 7 contains the 

references and different appendixes are presented in chapter 8. These appendixes are the 

assumptions considered to build the model, the occupation charts of the staff of the ED, all 

the different charts of the data analysis and the executive summary of the project. 
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2 Literature review 

Emergency departments (EDs) of healthcare systems are characterized by the variability, 

complexity and stochastic nature of its processes. The modelling of healthcare processes is 

almost always characterized by the need of complex logic due to the seemingly endless 

variety of patients and activities (Denney, 1997). In order to improve ED systems, different 

approaches have been studied and applied during decades with different results. The 

correlations of the different processes occurring at the same time in a healthcare system are 

very complex and even more when talking about emergency departments. Due to this 

reason, simple improvement approaches are not usually valid for an overall and significant 

improvement of a system.  

Lean techniques have been implemented in healthcare systems with more or less successful 

results but the application of these Lean techniques differs a lot from manufacturing 

processes to these kinds of systems. In order to improve healthcare systems the stochastic 

behaviour and the satisfaction of the patient have to be considered. To complement the 

lacks of some improvement approaches, simulation tools can be applied in healthcare 

systems obtaining successful results. 

The objective of simulation applied in EDs is the improvement of the healthcare service 

level. The performance of healthcare systems is usually measured in terms of its access, 

costs, and quality. The improvement of the service level of an ED consists in different ways; 

for example, in order to increase the efficiency of the system, a simulation project of an ED 

to reduce the amount of patients who “leave without being seen” can improve the access to 

that ED increasing the patient flow (Roberts, 2011). Other approaches are more focus in the 

increase of the patient´s satisfaction or reducing the patient’s waiting times. 

In this chapter the literature review of different approaches for system improvement applied 

in healthcare and emergency departments are explained. It starts defining some 

improvement approaches from a more generic perspective, continues with the specific 

issues to take into account when improving emergency departments and ends with the 
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literature review of this specific case, the application of discrete-event simulation to increase 

of the service level of an ED and its barriers. 

 Emergency departments 2.1

Emergency departments are becoming the main entrance of patients to hospitals. It is 

reported by many institutions that around 50 per cent of the patients admitted to the 

hospital come from the ED (Harrell, 2011). Emergency care unit are characterized by its 

complexity and the stochastic behaviour of the patient arrivals and the care needed by them 

(Gunal & Pidd, 2006).  

The timely access to emergency care is a high priority for patients and healthcare providers 

(CIHI, 2007). Waiting for emergency healthcare, especially during peak periods, has been in 

the headlines during many years in many countries (CIHI, 2007). This kind of healthcare 

systems are usually intended to deal with critical or life threatening patients instead of 

dealing with patients presenting low acuity injuries or illnesses (Gunal & Pidd, 2006). 

Due to these reasons, EDs have always been considered as a department apart of the 

hospital owning its specific resources and staff. Some countries such as U.S., UK, Australia 

and Japan recognize emergency medicine as an independent specialty, with professional 

associations and structured training programs (CIHI, 2007).  

There are some specific issues applying improvement approaches in EDs that differ from 

other kinds of systems; these issues have to be considered during the improvement process 

of this kind of healthcare systems.  

One of them is the patient’s priority classification to be seen by a doctor depending of the 

acuity. Patients with low priority conditions would wait much more than patients with higher 

priorities; a patient could wait interminably if there is always a patient with higher priority in 

the system unless the priority is correlated to the waiting time; this is a key point to take into 

account when modelling an ED (Hay, et al., 2006).  

Another complex issue present in EDs is the working way of physicians. Usually doctors and 

nurses are scarce resources at EDs and usually they treat different patients at the same time 
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while performing other tasks (Gunal & Pidd, 2006). The medical staff working at an ED is 

classified by a skills hierarchy with senior and junior doctors. Senior doctors are supposed to 

work less time with the patients of the ED in order to have consulting time for junior doctors 

and to attend other duties when necessary at other wards of the hospital. Hence senior 

doctors are capable of performing any clinical task but usually they do not so unless the ED is 

really busy (Hay, et al., 2006).  

Senior doctors also often perform their tasks in a faster way than junior doctors. Physicians 

usually know how to apply the distinction between junior and senior tasks; they do it by 

balancing the use of the different levels of clinical expertise against the complex needs of 

patients (Hay, et al., 2006). These ED patients have a wide range of clinical priorities 

depending on the stochastic arrival pattern of patients, its acuity and the occupation of staff 

and resources of the ED and correlated departments (Hay, et al., 2006). 

A specific issue that also characterizes EDs is the reception of patients. Many EDs have a 

poorly conceived first encounter system; usually the triage areas are too small or without 

enough capacity to face the stochastic pattern of patient’s arrivals (Harrell, 2011). This 

common fact combined with the priority sorting due to patient´s acuity results in patients 

lining up to be triaged experiencing long waiting times and acting as a bottleneck of the 

system (Harrell, 2011). Admission scheduling is considered an important strategy to match 

supply and demand in emergency departments (Gemmel & Dierdonk, 1999).  

Finally a more general but not less important issue when improving an ED through a 

simulation model is the importance of providing convincing representations in the model of 

the behaviour of the department at high levels of variable clinical demand (Hay, et al., 2006). 

This issue is a key point to develop a good approach for the improvement of the system. In 

this high variable behaviour the working methods of physicians, nurses, technical staff and 

resources have to be considered in correlation with the load of patients and the different 

working periods of the ED (such as morning, evening and night shifts, weekends and holiday 

periods). 

There are many factors that influence the patient throughput of these emergency healthcare 

systems; clarity in the layout and simply procedures are the keys to obtain a streamlined 
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flow (Harrell, 2011). However this is not an easy goal to achieve. There are many examples 

of not well designed facilities where the walking distances to get an X-ray exam, supplies, lab 

results or to perform administrative tasks are excessive. This leads to common delays in 

treatments and to a systematic increase of the waiting times and length of stay of patients 

(Harrell, 2011).  

  Simulation 2.2

A simulation is the imitation of the operation of a real-world process or system over time. 

“Whether done by hand or on a computer, simulation involves the generation of an artificial 

history of a system and the observation of that artificial system to draw inferences 

concerning the operating characteristics of the real system” (Banks, 1998). During the 21st 

century simulation started to be a key technology to support and improve many different 

kinds of systems. Hence, simulation presents a huge potential for product and 

manufacturing process development and improvement (Tempelmeiera, 2003). 

Each time the availability of special-purpose simulation languages, the massive computing 

capabilities at a decreasing cost per operation and the advances in simulation methodologies 

make simulation one of the most widely applied and accepted tools in operation research 

and system analysis (Banks, et al., 2005). Simulation models are usually analysed by 

numerical methods instead of applying analytical ones; “analytical methods employ the 

deductive reasoning of mathematics to “solve” the model; numerical methods employ 

computational procedures to “solve” mathematical models” (Banks, et al., 2005). 

Nowadays there are different techniques for process improvement. All of them have 

different applications for a big variety of more specific purposes such us different process 

improvement and design or feasibility studies. Some examples of process improvement 

approaches are linear programming, Markov chain analysis, Discrete-Event Simulation (DES), 

System Dynamics, Montecarlo Simulation or Value Stream Mapping (VSM) and some other 

Lean approaches. It has been demonstrated that simulation techniques are the most suitable 

approach for process improvement of complex systems with high variability (Ramis et al., 

2008). 
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2.2.1 Simulation applied in healthcare 

Simulation applied in healthcare systems has grown and developed a lot in the last decades. 

During the fifties simulation started to be applied in hospitals in order to obtain more 

efficiency using resources (Denney, 1997). Nowadays simulation programs can be one of the 

most powerful tools to analyse and improve healthcare systems (Denney, 1997). It also has 

to be considered that simulation applied in healthcare systems demands more complicated 

approaches than those adopted in the conventional industry (Hay, et al., 2006). 

Since the early 1990s the level of work applying simulation in healthcare has grown rapidly 

(Robinson & Worthington, 2010). It is estimated that there are as many as 30 papers being 

published every day on simulation and modelling in healthcare; a search carried out on June 

21, 2007 using the Ovid search engine (www.ovid.com) with the search string “(healthcare 

or health care) and (modeling or modelling or simulation)” resulted in 176320 hits 

(Brailsford, et al., 2009).  

Much of this work, however, has little impact on practice. Key barriers to the 

implementation of simulation in healthcare are cost, time and stakeholder engagement 

(Robinson & Worthington, 2010). It has been demonstrated that a key success factor for the 

improvement of healthcare systems is to take the management on a subordinate role to 

solve flow issues; hence, more benefits are obtained letting the frontline staff identify 

problems and come up with their own solutions to improve the system (Dickson, et al., 

2007). This will led to a more empowered staff motivated to generate and implement ideas 

to improve the processes they perform in the system (Dickson, et al., 2007). 

Simulation models applied in healthcare help to understand how different factors affect the 

performance targets which nowadays are often evaluated at every healthcare system (Gunal 

& Pidd, 2006). The ability of simulation to provide both high-level strategic (system-wide) 

value as well as a tool for operational performance improvements expands the use of 

simulation in the improvement of healthcare systems all around the world (D. Roberts, 

2011).  

Simulation software tools have been increasingly adapted to healthcare through enhanced 

visualizations and modelling making them more understandable for everyone involved in the 

http://www.ovid.com/
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improvement of healthcare processes (D. Roberts, 2011). It has been demonstrated that 

combined optimization and simulation tools allow decision-makers to quickly determine 

optimal system configurations, even for complex integrated facilities (Jacobson, et al., 2006). 

One of the most important capabilities of applying simulation tools in healthcare systems is 

the facility of finding bottlenecks of the process to increase the flow of patients (Ferrin, et 

al., 2007). Bottlenecks in the process occur when the number of entities surpasses the 

system’s ability to store and process them. In healthcare systems this means there are no 

enough beds, resources or staff to move the patients through from the arrival to the 

discharge (Ferrin, et al., 2007).   

Other capabilities of healthcare simulation projects have been focused in the development 

of domain specific tools to aid productivity when building simulation models of healthcare 

systems (Hay, et al., 2006). The search worldwide to increase the cost effectiveness and 

efficiency in the delivery of healthcare has introduced simulation models into the wide 

healthcare systems world (Hay, et al., 2006).  

Simulation studies implemented in healthcare systems are really useful for policy makers to 

set healthcare priorities and for hospital managers to drive the healthcare services in a more 

effective and efficient way (Gunal & Pidd, 2006). 

2.2.2  Discrete-Event Simulation applied in healthcare 

Almost all the systems can be categorized as discrete or continuous. Few of them are 

entirely defined as discrete or continuous, but usually this classification is made according to 

the more predominant category of the both mentioned before, discrete or continuous. (Law 

& Kelton, 2000). When the state variables of a system change only at a discrete set of points 

in time, the system is considered a discrete system (Banks, et al., 2005). 

A discrete-event system is one in which the state of the system changes at only discrete, but 

possibly random, set of time points, known as event times (Banks, 1998). An event is a 

change in system state. A simulated clock, provided by the simulation software, records the 

time points at which events occur on a discrete-event simulation (Banks, 1998). 
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The variability and complexity of the processes within healthcare systems demand the 

analytic power of Discrete-Event Simulation (DES) (Hay, et al., 2006; Ramis, et al., 2008). DES 

is really necessary in order to manage the common complex and stochastic flow of patients 

that usually go through healthcare clinics (Jacobson, et al., 2006).  The potential of DES 

simulation technologies is impacting in the development of healthcare specific modelling 

applications to increase modelling productivity of healthcare systems (Centeno, et al., 2010; 

Hay, et al., 2006). 

One of the more suitable highlighted characteristics of DES studies implemented in 

healthcare systems is the possibility to apply “what-if” questions or scenarios to the existing 

healthcare delivery systems. This characteristic results really useful to evaluate changes or 

variations in the processes, facilities or procedures of the staff in order to increase its 

efficiency in a simpler and more effective manner. 

DES is the most reported technique in healthcare in the literature followed by Montecarlo 

Simulation and System Dynamics (Young, et al., 2009). DES has become a popular tool for 

healthcare decision-makers to support their efforts to improve the efficiency of healthcare 

operations in a significant way and to reduce delivery costs (Jacobson, et al., 2006). DES can 

be used as a forecasting tool to assess the potential impact of changes on the patient flow, 

to examine asset allocation needs (such as in the number of staff and resources, the capacity 

of the facilities and/or to investigate the complex relationships between the different system 

variables such as the rate of patient’s arrivals or the rate of patient service delivery) 

(Jacobson, et al., 2006). 

2.2.3 Discrete-Event Simulation applied in emergency departments 

As established before, it is well known that the variability and complexity of the processes 

within healthcare systems demand the analytic power of Discrete-Event Simulation (DES) 

(Hay, et al., 2006; Ramis, et al., 2008). In order to manage the services that EDs offer in a 

more effective and efficient manner and taking into account the previously exposed key 

points of EDs, different simulation projects and studies have been implemented around the 

world.  
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Some examples of these projects have been developed in “accident and emergency 

departments” in UK. They have been carried out by the National Health Service in 

collaboration with some universities of this country. The main goal of these projects is to 

exam the effect of some performance targets such as patients’ length of stay and waiting 

time reductions on UK hospitals as well as to reflect more realistically the way emergency 

care is actually delivered (Gunal & Pidd, 2006; Hay, et al., 2006).  

These projects have been mainly based in the multitasking behaviour and experience level of 

the medical staff which not only affect EDs but also the overall performance of hospitals 

(Hay, et al., 2006). Hence, the simulation models used in these projects, built with the 

simulation software Arena or Micro Saint Sharp, were focus on increasing the precision of 

simulation models in order to perform a posteriori generic simulator to predict the hospital’s 

performance and to serve as a generator of inpatients for a typical hospital (Hay, et al., 2006; 

Gunal & Pidd, 2006). Some results of these projects showed the significant direct impact of 

the doctors’ experience and the length of the X-ray processes in the length of stay of 

patients and in the performance of the system (Gunal & Pidd, 2006). 

Another example of simulation applied in emergency departments has been implemented in 

Tucson, Arizona by the Ascension Health Operations Resource Group and FDI Simulation to 

improve the flow of the emergency department and to increase the access to care (Ferrin, et 

al., 2007). This project was developed by implementing process improvements based on DES 

tools. Some of the results were the reduction of the patient´s length of stay by 7%, the 

increase of the monthly volume of patients by 5% and the impatient daily census by 20% 

(Ferrin, et al., 2007). The conclusion of this project was the demonstration of simulation´s 

unique ability to improve directly the parameters to maximize the operational and financial 

impact and the benefit of the patients of an ED (Ferrin, et al., 2007). 

A simulation project implemented in an ED that reduces waiting time experienced by the 

patient improves the quality of care that the system delivers to the patient simply by 

attending more efficiently to that patient (D. Roberts, 2011). It is also known that simulation 

applied in EDs usually results in the use of the staff more effectively and reduces the cost of 

the care delivered since the throughput of patients can be increased (D. Roberts, 2011). 
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Applying simulation analytical tools in EDs, the weakness of the system can be found easily 

and the system can be improved to be more efficient. 

 Lean applied in healthcare 2.3

Lean thinking, developed from the Toyota Production System, has been applied in many 

competitive sectors (Wynne, 2011). “Lean is a set of principles and techniques that drive 

organizations to continually add value to the product they deliver by enhancing process 

steps that are necessary, relevant, and valuable while eliminating those that fail to add 

value” (Dickson, et al., 2007).  

Taichi Ohno, the founder of Toyota Production System distinguished processes from 

operations. In Lean thinking an operation is any specific step or activity in the transformation 

of a raw material into a finished product. In the case of healthcare, the raw material is the 

patient’s presenting complaint; the finished product is that the presenting complaints of 

patients are resolved in the best way it can be (King, et al., 2006). A process is the complete 

sequence of operations required to transform the raw material into the finished product. 

The patients of any healthcare system require many different steps or operations to 

complete their process care (King, et al., 2006). 

Over the past decade Lean thinking has emerged as an approach for improving healthcare 

systems (Robinson & Worthington, 2010). Current healthcare processes are designed with a 

focus on the physicians and how to make them more efficient and minimize their waste. This 

approach is contradictory to Lean: it is like designing a process with a focus on the factory 

workers rather than the product they make (Dickson, et al., 2007).  

An example of Lean thinking is the way workers have to improve the quality and flow of the 

system. This thinking applied to a healthcare system means that physicians should have two 

jobs: to take care of patients and to find a better way to take care of patients (Dickson, et al., 

2007). 

Healthcare systems that recognize the patient-oriented focus in healthcare must embrace 

transparent external reporting of quality and safety information to all interested patients 

(Dickson, et al., 2007). It is necessary to develop, implement and sustain process 
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management systems to add innovative and creative solutions to the healthcare delivery 

processes (Dickson, et al., 2007).  

Nowadays Lean is being successfully applied in healthcare systems, increasing the quality of 

the service and reducing waiting times and length of stay of patients whilst using no more 

resources (Wynne, 2011). The improvements applying Lean in healthcare are usually 

obtained through implementing small and specific process changes or procedure 

modifications in the system. These small changes or modifications in the system usually have 

a slightly impact in the general improvement parameters such as in the patient’s length of 

stay and a more significant impact in the satisfaction of the patient (Dickson, et al., 2007). 

2.3.1 Lean applied in emergency departments 

There are many successful implemented cases of Lean applied in emergency departments 

around the world. The implementation of several US studies was motivated due to the high 

mortality of patients at American´s healthcare systems. According to the Institute of 

Medicine’s landmark report, To Err Is Human, from 44.000 to 98.000 patients die every year 

from medical errors in this country. Hence, the government, patients and third party payers 

demanded a more efficient and safe healthcare service with highest quality (Dickson, et al., 

2007).  

In several cases the Lean implementation at the healthcare system followed the normal 

industrial approach. This was a big challenge due to few people involved in healthcare is 

trained and experience in process improvement methodologies (Dickson, et al., 2007). EDs 

were good candidates to begin implementing Lean in the United States due to unlike 

hospitals, the physician practice plan and the facilities of EDs are usually owned by the same 

parent company (Dickson, et al., 2007).  

This implementation of Lean to improve EDs followed a six-step process: Lean education, ED 

observation, patient flow analysis, process redesign, process testing and implementation 

(Dickson, et al., 2007). The results of implementing small changes in the procedures of 

simple processes of some American EDs were a slight decrease of the patient’s length of 

stay, a significant increase in the patient’s satisfaction and also in the visits of patients 

(Dickson, et al., 2007). These small changes applied in these cases were for example to 
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standardize and mark the spot where the ultrasound machine goes, to put the chairs of the 

waiting room for triage closer to it so the nurse would walk a shorter distance when picking 

up patients, to reduce the number of questions asked in the registration process and to 

perform the registration and/or triage processes in the room if there are available rooms 

instead of performing it in the triage room while there are available doctors waiting for 

patients (Dickson, et al., 2007).  

The Lean process evaluates operations step by step to identify waste and inefficiency and 

then creates new solutions to improve operations, increase efficiency and reduce expenses 

(Dickson, et al., 2007). The difficulty to implement these steps in an ED increases with the 

size and complexity of it. By focusing on the flow and reducing work-in-progress inventory, 

Lean plants tent to take up much less space. This idea applied in the ED means that much 

space required for patients waiting to be seen could be reduced and used for other 

application to increase the service level of the system (Dickson, et al., 2007).  

In healthcare systems and especially in EDs, this utilization of the space is not only 

subordinated to the different tasks and flow of staff, patients and resources; it is also 

subordinated to the different departments correlated to the ED such as X-ray and laboratory 

departments, intensive care units, operation theatre and other wards of the hospital. When 

the number and complexity of the correlations between the different processes, flow of 

patients, staff and resources interact all together, the complexity of the system increases in 

a huge manner. At this stage and considering so many variables, other tools would be 

necessary for the improvement of complex and stochastic healthcare systems. 

Simulation is an improvement approach that can coexist and help to apply Lean 

improvement processes in different systems. Simulation and Lean are improvement 

methodologies that appear to be rarely discusses together in the healthcare context. Both 

approaches are oriented for the improvement of processes and service delivery (Robinson, 

et al., 2012). The application of Lean approaches in healthcare systems becomes more 

complex due to the complex correlations between the different flows of patients, staff and 

resources. With the current focus on the efficiency of healthcare services there has been a 

growing interest in both simulation and Lean improvement methods (Robinson, et al., 2012).  
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For the overall improvement process of an ED, the lack of one approach can be covered by 

the benefits of the other one and vice versa. To improve the service level of an ED and 

increase its efficiency Lean thinking and simulation tools are very convenient approaches to 

apply in the system independently or at the same time. 

 Healthcare system modelling obstacles 2.4

Modelling and improving healthcare systems has similarities with similar approaches in 

industry, but also a number of differences of which some have already been discussed. Two 

main differences are, firstly, the importance on including many more stakeholder and staff 

categories in order to gain credibility for the work and its corresponding results. Secondly, 

getting hold of qualitative data and its importance. 

2.4.1 Coordination and common view 

There are many barriers that difficult the improvement process of healthcare systems. A 

hard issue in trying to increase the service level of an ED is to coordinate and get a common 

view for the different staff and resources involved in the improvement process of the 

system. Often there are different kinds of personnel such us administrative staff, 

technicians, auxiliary nurses, nurses and doctors working in the same facilities and sharing 

the same resources and patient flow. Usually all of them have different opinions in how to 

improve or to model the processes.  

Stakeholders are also involved in the simulation process of the system, contributing with 

their ideas and decisions to improve the processes prioritizing their own objectives (Young, 

et al., 2009). Sometimes it can be difficult to engage with the personnel to make a successful 

simulation. Modelling and simulation are often sold as useful for operational improvement 

and redesigning processes but the challenge here is to be able to understand the system, to 

collect and analyse the data, to build the model and to perform the simulation and 

experiments taking into account and engaging the different personnel involved in the project 

(Young, et al., 2009). 

Modelling these kinds of systems, it is common to find some typical barriers which have to 

be considered to perform a proper simulation project. Typical barriers are the lack of clear 
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incentives for healthcare managers who do not rely on deterministic analytic techniques, 

have resistance to the unfamiliar and the dehumanizing nature of simulation and do not 

engage with modellers or do so to overcomplicate their models (Eldabi, 2009). A key issue in 

the success of healthcare simulation projects is the careful formulation of the problem 

statement and the buy-in of all stakeholders (Ratcliffe, et al., 2001). 

2.4.2 Get hold of qualitative data 

One of the most important and complex tasks in the field of simulation of healthcare 

systems is how to get high quality data to make an accurate model. Usually this data is not 

easy to get or it is not available, i.e., some EDs do not have any distinction in the collected 

data to know if the patient’s visits were planned or unplanned (CIHI, 2007). Many hospitals 

have not worked out properly in the scheduling processes and how the information on the 

availability of the resources can be recorded (Gemmel & Dierdonck, 1999). 

Standard time data of every single process has to be necessarily known in order to be able to 

model the flow of the ED (Freivalds & Niebel, 2009). However, in some cases, historical 

record methods based on the record of similar, previously performed jobs can be applied in 

order to get an estimation of the needed times if they are not available in the system to 

model (Freivalds & Niebel, 2009). High quality data is really necessary to perform an 

accurate model but also quite difficult to get from a stochastic system as a healthcare ED is. 

Developing a validated simulation model involves three basic entities: the real-world system 

under consideration, a theoretical model of the system and a computer-based 

representation of the model, the simulation program (Banks, 1998). Arguably, the most 

difficult aspect of simulation input modelling is gathering data of sufficient quality, quantity, 

and variety to perform a reasonable analysis (Banks, 1998). 

In manufacturing simulation projects, modelling and data errors may lead to unexpected 

costs and poor performance. However, in healthcare simulation studies, such errors can 

ultimately lead to lives lost and the associated liabilities surrounding such events (Jacobson, 

et al., 2006). Therefore, the tolerable margin for error in the design and application of 

healthcare simulation models is significantly more limited. Such restrictions provide 
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obstacles and barriers that can only be overcome through the highest attention to detail and 

accuracy, as well as fluid communication between all stakeholders (Jacobson, et al., 2006).  

A major difference that should be highlighted when performing improvements in healthcare 

systems compared to manufacturing systems is that measuring the value in healthcare is 

extremely difficult: the patient is usually unaware of the price of the product and cannot 

quantify the quality of the service; also it is extremely difficult to measure the expense that 

goes into delivering the service (Dickson, et al., 2007). 
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3 Emergency department process flow analysis and 

modelling 

In this chapter a brief description of the Swedish healthcare system and the hospital 

Kärnsjukhuset is presented. Moreover, the general flow and processes of the ED KSS and 

every step to accomplish the simulation and the improvement of ED KSS are described. 

 Kärnsjukhuset: the hospital of Skövde 3.1

Kärnsjukhuset is the regional hospital of Västra Götaland. This region, which capital is 

Gothenburg, is the second biggest one in Sweden. It has a population of 1,590,000 

inhabitants (17% of Sweden’s population) (Västra Götalandsregionen, 2012) . Work on public 

health issues in Västra Götaland region is controlled by the elected Committee for Public 

Health in collaboration with other actors in the society. The Health Committee, which is 

under the provincial council, is the responsible for the region-wide health issues (Västra 

Götalandsregionen, 2012). 

In the Swedish healthcare system, responsibility for health and medical care is shared by the 

National Board of Health and Welfare, county councils and municipalities. The Health and 

Medical Service Act (Hälso- och sjukvårdslagen, HSL) regulates the responsibilities of the 

county councils and municipalities. The role of the National Board is to establish principles 

and guidelines for care and to set the political agenda for health and medical care. They do 

this using laws and ordinances or by reaching agreements with the Swedish Association of 

Local Authorities and Regions (SALAR), which represents the county councils and 

municipalities (Swedish Institute, 2012). 

Health Committee's task is to prepare matters for long-term development, investment, 

structural issues and strategies for the region's healthcare. The committee also prepares 

matters concerning joint regional priorities, health guarantee, choice questions and patient 

fees (Västra Götalandsregionen, 2012). 
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Kärnsjukhuset (see Figure 2) is one of the largest EDs in the region of Västra Götaland and it 

belongs to Skaraborgs Sjukhus (SkaS). The hospital has around 44,000 patient visits per year 

and is one of the eight regional hospitals of the country (Swedish Institute, 2012). 

 

Figure 2: Kärnsjukhuset, hospital of Skövde. 

The central government, in consultation with the SALAR (Swedish Association of Local 

Authorities and Regions) has decided to allocate an extra SEK 1 billion (USD 140 million) each 

year from 2010 to 2012 to improve service times in healthcare systems. The hospitals must 

meet some requirements of service time (90 per cent of their patients must receive care 

within the allotted time) in order to get the extra financial support from the County Council 

(Swedish Institute, 2012). 

 Emergency department’s process description 3.2

The following flowchart (Figure 3) presents all the necessary processes of the ED’s and 

serves as an aid to understand the entire system.  

As it is represented in the flowchart, the inputs of the system are the patients arriving at the 

ED of the hospital. The patients are divided into three groups: patients arriving by 

ambulance (there are five ambulances), patients arriving by foot (walk-in patients) and 

patients who are referred from other departments of the hospital to the ED. It is supposed 
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that the patients who arrive from the hospital and those who arrive by ambulance already 

have pre-information of the cares and resources they will need at the ED; for this reason 

they do not need a triage process when they arrive to the ED. The triage process is the first 

examination of the patient and it is performed by a nurse (just for walk-in patients). 

The next step in the process is to decide which patients come due to an extreme emergency.  

This is already known in the case of patients arriving by ambulance either from the hospital 

but not in the case of walk-in patients. For that purpose there is an emergency button at the 

entrance of the ED to push in case of extreme emergency. If this button is pressed, the 

patient will be attended as soon as possible by the staff. If there is not an extreme 

emergency, the patient should take a ticket at the entrance and sit down in the waiting room 

until they are called by the staff. 

In the case of an extreme emergency, it is checked if there is any available emergency room. 

There are two emergency rooms next to the ambulance parking. At ED KSS, it is always tried 

to have at least one emergency room available. In the case there is not any available one, 

another patient is moved to another room or to the buffer of beds in the corridor (there are 

12 beds acting as a buffer). Then the patient with critical illness is transported to the room 

and the registration and triage are done. At this point, depending on the diagnosis made in 

the triage, the patient could stay in the room or be sent to another unit of the hospital (OP, 

UCI or radiology). After this point, the patient follows the same procedure as a normal 

patient. 
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Figure 3: ED KSS process flowchart. 
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Commonly, when it is the turn of the patient to meet a doctor, a triage has previously been 

done by a nurse. A triage consists of quickly examining the patient in order to see what kind 

of care he needs. It is performed in one of the two triage rooms for walk-in patients. Then, 

the necessary samples are taken, the priority regarding other patients waiting is established, 

the necessary documentation is filled and the routine each patient needs before he is seen 

by a doctor is established. After this triage process, the patient is registered in the system 

and sent back to the waiting room or to a specific type of room.  

 

Figure 4: Map of KSS ED. 

The rooms of the ED KSS are divided into four sections: surgery, orthopedics, children and 

medicine. As it is possible to appreciate in the map of the ED (Figure 4), the installation is 

divided into two main corridors. In the first main corridor, containing the rooms from 3 to 

15, are placed the medicine and children rooms. In the second main corridor, including the 

rooms from 16 to 26, are placed the orthopedics and surgery rooms. When the triage is 
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done, if there is an available room in the selected section, the patient is accompanied by a 

nurse to that room. The patient waits in the room until the doctor arrives.  

Once the doctor is in the room he or she examines the patient and decides on sending the 

patient home or on laboratory analysis or X-rays scans. If tests are needed the patient stays 

in the room until the results are received and the doctor evaluates them. 

The samples of the patient to be analysed are sent from the ED to the laboratory by a 

vacuum pipe system. The results are often ready before an hour. They are sent back to the 

ED through the internal network of the hospital. Just in the case of X-rays or scans needed, 

patients have to go (usually accompanied by a nurse) to the specific department of the 

hospital where the X-rays and scans are done and then come back to the ED to wait for the 

results. At this stage, the patient is already finished in the ED or more tests are needed. If the 

care at the ED has finished the doctor decides the destination of the patient, sending him 

home or to different departments of the hospital (usually KAVA or MAVA). After that, the 

required documentation is filled in. If more tests are needed the same process of waiting for 

results and meeting the doctor again will occur. 

This documentation process involves the administrative task that has to be done by the 

doctor. The documentation process includes filling in the KLARA (a list where the finished 

processes of patients are registered), getting the contact information of the patient, filling in 

the sent-home-list, printing the documentation, a diagnosis for the patient and looking for a 

transport if necessary. 

 

Table 1 and Table 2 summarize the information about the patients, processes and resources 

involved at ED KSS.  

Process Rooms or beds Observations 

Triage 2  

Surgery 9* *Shared with orthopedics 

Orthopedics 9* *Shared with surgery. Two of them for gynecology 

Medicine 11 Two of them for children 

Observation 6 + 6 Beds placed in the corridors 

Emergency rooms 2  
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Table 1: Distribution of the different rooms at KSS ED. 

 

Steps in the process % of 

patients 

Time 

(min)* 

Mode (min) Resources  

Patients arriving by foot 66.6 - - - 

Patients arriving by ambulance 33.3 - - Amb. staff 

Drawing sample in triage 6 – 88** - - 1 nurse 

Triage  5 -30 15 2 nurses 

Transporting patient to room 100 - - 1 nurse + 1 
room 

Patients leaving after 1st doctor’s 
meeting 

18 - 60 3 - 40 8 - 20 1 room + 1 
doctor 

Patients leaving after 2nd doctor’s 
meeting 

27 - 52 1 - 45 4 - 20 1 room + 1 
doctor 

Patients leaving after 3rd doctor’s 
meeting 

 1 - 45 4 - 9 1 room + 1 
doctor 

Drawing sample  5 5 1 nurse 

X-ray 60 - 70*** 3 - 10 5 X-ray room 

Lab results  10 -120 46  

X-ray results  30 - 90 45 - 60  

Administrative task  4 - 60 8 - 12 1 doctor 

 
*Minimum and maximum values or mode. 
**Depending on patient’s classification. 
*** % of orthopedic patients. 

 
Table 2: Steps in the ED process. 

The first table represents the number of rooms or beds of KSS ED. It is possible to see in the 

“observation” column that some rooms are shared by more than one department, i.e., there 

are nine common rooms to be shared by surgery and orthopedics. The second table 

represents the number of patients going through each step of the process, the maximum, 

minimum and mode time-values in minutes of the process and also the resources needed for 

implementing each part of the process. Each process was modelled according to data of 

these tables in order to represent the real ED system in an accurate manner.  
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 Data collection and data analysis 3.3

One of the most difficult steps in a simulation project is data collection. High quality data is 

really necessary to perform an accurate representation of a real system. A time study and 

time standards have to be applied. The needed data can be obtained by using historical 

records,  work measurement procedures or estimations from subject matter experts 

(Freivalds & Niebel, 2009). 

In the case of Kärnsjukhuset, all the data recorded from the process flow, registration, 

analysis and documentation of patients is stored on a common data base for the hospital. 

With this system and a program which retrieves all the information of the patient, it is 

possible to obtain almost all the needed data of the patient to develop the simulation 

model. This data consists on the arrival times to the different activities and the duration of 

the different processes every patient went through. With this system it is also possible to 

record the historical data times regarding to the staff flow such as nurses’ and doctors’ 

activities, lab-analysis and X-ray exams requested. 

The needed data was retrieved to some Microsoft Excel data sheets. These data sheets had 

the data of around 50.000 patients, the total number of patients who visited the ED in 2011 

from January to December. In this data of patients it was necessary to apply a time 

consuming data analysis in order to eliminate non-reliable values.  

Non-reliable data is generated automatically by the system when the data of a patient is not 

introduced correctly by the staff or when some activities are missing. Therefore, some 

boundaries, previously specified by the doctors of the ED, were established in the different 

processes and classifications of patients. An example of this kind of data can be a patient 

waiting 23 hours to meet the first nurse of the triage; it is a case that cannot happen at the 

real ED.  

Once the data analysis was done, it was possible to obtain the representation of the 

processes in charts and also classifications and times of all the patients who arrived to the 

ED during a year. From the data all the possible classifications of patients were obtained. The 

following charts summary different patient’s classification of KSS ED.  
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Figure 5: Patients’ classification per category. 

In Figure 5 it is possible to appreciate the number of patients’ arrivals (Y axis) classified in the 

four main categories of patients (X axis) at KSS ED of a total of 50.514 patients during the 

year 2011. 

Figure 6 shows the number of patients (Y axis) arriving each hour of the day (X axis) and 

classify by acuity (different colours) during the year 2011.  

 

Figure 6: Acuity classification per hourly arrival. 
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Each hour of the day shows the percentage of patients classified by the five acuity levels (red 

the highest acuity, blue the lowest one). In Figure 6 it is not possible to appreciate the 

number or percentage of patients classified by each acuity level clearly. In the following chat, 

Figure 7, it is more clearly  shown the percentage of ambulance patients (Y axis) classified by 

its acuity arriving at the different hours of the day (X axis). More charts are presented in 

Appendix 3, data analysis charts. 

 

Figure 7: Patients´ acuity percentages of the classification per hour. 

Analysing this chart, it was considered to take an average percentage of acuity levels for the 

classification of ambulance and walking patients. The average values of the acuity levels for 

the different patients are shown in Table 3. 

Acuity level Ambulance patients (%) Walking patients (%) 

Blue 0,12 4,39 

Green 6,54 27,71 

Yellow 48,35 55,42 

Orange 35,62 11,61 

Red 9,37 0,87 

Total 100 100 
 

Table 3: Acuity levels percentage of patients. 

Some more charts used to build the simulation model are described below. For more 

detailed information see Appendix 3. 
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Figure 8: Patients’ arrivals per month. 

In Figure 8 it is represented the number of patients arriving each month of the year 2011. 

Analysing this chart, because of the similarity of the monthly arrivals, it was decided to 

obtain an average value of all the months; this average is 4168 patients arriving to KSS ED 

every month. 

The weekly patient’s arrival pattern during the year 2011 is shown in the two figures below 

(see Figure 9), one chart for ambulance patients and another one for walking patients.  

 

Figure 9: Patients’ arrivals per week-day. 
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The statistical distributions for modelling these weekly arrivals were applied in three 

different groups of week-days for the walking patients and in two groups of weekdays for 

the ambulance patients. Due to the similarities between some days regarding the number of 

patients’ arrivals, the same statistical distribution for weekdays (but Mondays), another one 

for weekends and another one for Mondays were applied for walking patients. For the 

ambulance case the same statistical distribution for weekdays was modelled as well as 

another one for weekend days. 

The hourly-arrivals (X axis) chart of walking patients (number of patients in Y axis) organized 

per weekday (colours) is shown in the following figure, Figure 10: 

 

Figure 10: Walking-patients’ arrival times per week-day. 

Patients were mainly classified depending on the kind of arrival to the ED, walking or by 

ambulance. Each of the previous classifications has an arrival pattern depending on the day 

of the week and the arrival time. After that, patients are classified depending on their 

healthcare category: medicine, orthopedic, surgery and children. Following that 

classification, patients are organized by the acuity of their illness. There are five different 

acuities, starting with the lower one: green, blue, yellow, orange and red. In the next 

flowchart (Figure 11) it is possible to see the representation of this classification explained 

above. 
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Figure 11: Patients´ arrival data classification. 

The main problem of the data collection procedure was the lack of some specific data which 

was not available. When collecting data to build a simulation model, it usually happens that 

some data are missing, are too expensive to gather or the data are based in a process that 

does not exist (Banks, 1998). In this case, the process times of the doctors and the time to 

obtain back the results of the analysis or samples were missing. Hence, a method to measure 

the times that doctors spend with the patients and the time doctors are waiting for the 

analysis results was implemented. Complementary information from the doctors was also 

gathered in order to compare and validate the data obtained with the previously mentioned 

method. 

To measure the missed times that doctors spend with patients, a program running in two 

tablets and two laptops was used. The software used, developed by the University of 

Skövde, was Schedule Stopwatch (see Figure 12). With this software, it was possible to 

measure the needed times for the different category of patients and for the different 

doctors of each category. 
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Figure 12: Schedule Stopwatch software interface. 

When analysing the data obtained using this method, a lot of non-reliable measurements 

were detected. Some boundaries of the maximum and minimum possible time values were 

obtained from the doctors in order to be able to reject the non-reliable values. 

Once the data from the real ED was analysed, it was possible to start the next step, building 

the 3D model of KSS ED. In this model, statistical distributions and probabilities have been 

used to model the different processing times in order to achieve in the virtual model the 

same behaviour of patients, staff and resources as in the real ED. This is explained in the 

following sub chapter. 

  Modelling 3.4

When all the objectives were defined and once the conceptual model of ED KSS was made, it 

was possible to start modelling the KSS ED. All the information regarding the hospital and ED 

was obtained by different sources. Several visits to the KSS were made in order to meet all 

the different installations, resources and staff at the ED. Previous work, investigations and 

developments in simulation and optimizations of healthcare systems were at the same time 

studied to be applied in the simulation model of KSS ED. 

Using all this information collected from e.g. simulation, EDs, healthcare systems and 

especially about ED KSS, the conceptual model was built (see Figure 3). All the processes 
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represented in the conceptual model were revised by going through the system as a patient 

as well as the personal of the ED. Every relevant process for the simulation was reflected in 

the flowchart of the conceptual model. 

In the same way, irrelevant processes for the purpose of this project were rejected from the 

conceptual model. In order to explain why and which processes were rejected from the 

conceptual model, a list of assumptions was created (see appendix 1). These assumptions 

contain the information of all the specific cases that were rejected because of the lack of 

importance for the aim of this project. They also contain those cases in which the flow of 

patients and the activities involved in it were modified or simplified in order to avoid 

unnecessary processes that would not affect the simulation results and would make the 

simulation extremely complex without adding a considerable accuracy. 

As shown in Figure 133, a simulation is compound by several steps. These steps have to be 

carefully performed during the building process of the simulation model in order to obtain 

an accurate model providing accurate results.  
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Figure 13: Simulation steps (Banks et al., 2005) 

As it is possible to appreciate in the previous flowchart, the first step when building a 

simulation model is to have a clear problem formulation. The problem should be perfectly 

understood by the client and the simulation analyst. After this, it is possible to start with the 

setting of objectives and overall project plan (Simulation, 2011).  

The setting of objectives should be the answers that will be obtained by implementing a 

specific simulation project. Following this previous step, if simulation is the suitable method 

for developing the project, an overall project plan has to be done in order to study how the 

project will be developed and implemented depending on the available resources and time. 

It should be also considered if the model will be used in the future for other specific studies 

in the same system; thus, maybe other processes or resources should be taken into account 

when developing the model. 

Once the problem, objectives and project plan are clear, it is possible to start with the next 

steps: model conceptualization and data collection. These both steps are the “key steps” to 
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perform a good model in order to obtain accurate results. “The art of modelling is enhanced 

by an ability to abstract the essential features of a problem, to select and modify basic 

assumptions that characterize the system, and then enrich and elaborate the model until a 

useful approximation results” (Banks, et al., 2005). The data collection step is usually one of 

the tasks which need more time to be performed. A time study was developed and time 

standards were applied to obtain accurate data from the real ED (see chapter 3.3). 

Once the model conceptualization and the data collection are finished, it is possible to start 

with the model translation. This part involves converting the conceptual model into a 

computer-recognizable format. In this case was Flexsim Healthcare HC the simulation 

software selected to make the translation of the model to a computer program.  

At the beginning, a simple ED was built with Flexsim HC. The model was built with the 

simplest flow of patients of an ED: patients’ arrivals, waiting room, triage, draw sample, 

waiting room, lab results, meeting with doctor and exit. When that model was working 

properly, it was time to introduce the resources and staff involved in the real ED, additional 

tasks depending on probabilities, the classification of patients and the patients’ arrival 

patterns. 9 different kinds of patients in 9 different tracks were programmed. They are 

shown in Figure 14.  
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Figure 14: Patient classification. 

2 versions of 4 kinds of patients were programmed: patient arriving to the ED by ambulance 

and patients arriving to the ED walking. As shown in Figure 14, these 4 categories of patients 

are medicine, surgery, orthopedic and children. The ninth kind of patient is “nurse patients” 

which are the patients who leave the ED after the triage process, without been seen by a 

doctor. In the figure shown below (Figure 15) the activities which compound a track of 

orthopedic patients are represented as an example. 

 



Improvement of the service level of an emergency department using DES 

 

  

Enrique Ruiz Zúñiga  41 of 88 

 

Figure 15: Orthopedic patients track. 

These patients were the most difficult ones to model due to the fact of involving the X-ray 

department. Figure 16 represents the track of medicine patients which is similar to the 

children and surgery patients’ tracks. 
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Figure 16: Medicine patients track. 

It took long time to figure out how to model all the processes of every track for the different 

patients’ flows. Every track uses specific resources of its own patients’ category but also 

share other resources and staff with other tracks. It was hard to program the model without 

getting programming errors and blockage of patients, resources or staff.  

One of the crucial modelling points for building the model of this project was the modelling 

of the patients’ arrivals to the ED. The patients’ arrivals patterns were extracted from the 

real data obtained from the computer system of KSS ED. This pattern was modelled in the 

same way as the real one applying statistical distributions for the patients’ arrivals. It was 

modelled depending on the arrival method to the ED (ambulance or walking), on the arrival 

day of the week and the arrival time (hour). After modelling every case, the number of 

patients arriving each hour was spaced randomly within that hour. In order to imitate the 

behaviour of the real system, exponential statistical distributions have been applied to keep 

the average values of the real pattern of patients’ arrivals. Exponential distributions are 
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suitable for inter-arrival times of “customers” to a system that occur at a constant rate, time 

to failure of a piece of equipment (Law, 2007). 

Applying statistical methods it is possible to create a model which behaviour is almost 

exactly the same as the real system. When there are basic data about the system, statistical 

methods are a really efficient tool to simulate almost every process with not much effort and 

cost. 

More statistical distributions were also applied in different processes of the model of KSS ED. 

In some cases it was not possible to collect accurate data on the random variables of 

interest. In the cases as triage, draw sample, X-ray and labs results, doctors and nurses 

process times there were not available data. Therefore, suggested by the personal of the 

hospital, estimated values were applied (Engineering statistics handbook, 2012; Keisan 

Casio, 2012; Reliawiki, 2012; Law, 2007).  

Weibull distributions were applied for the triage time, with a mode of 15 minutes, a 

minimum value of 5 and a maximum of 30 minutes. Weibull distributions are suitable for 

representing the time to complete some task; used as rough model in the absence of data 

(Law, 2007). 

Exponential distributions were applied to model the draw sample and nurse meeting process 

times. These times are quite variable but they always have a fixed mean. Hence exponential 

distributions were applied in order to keep the average values obtained from KSS ED. 

For the rest of processes, as doctors, lab results and X-ray results process times, triangular 

distributions were applied. These triangular distributions can be used as rough model in the 

absence of data (Law, 2007). The personnel of the ED were asked for the most-likely values 

and the most optimistic and pessimistic values in order to build a suitable statistical 

distribution to model each of those mentioned processes. 

Another method for modelling the data collected from the hospital was to apply 

probabilities in the different processes patients must follow and to categorize the different 

patient classifications. For this purpose, some tables were created to simulate the steps that 

patients have to follow during their stay at the ED. These processes were the probability of 
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patients going to one, two or three meetings with the doctor and the probabilities of 

samples or X-ray needed by the patients of each department. These tables are presented in 

appendix 1. After introducing all the collected data in the model, it was possible to perform 

the verification and validation processes and also the design of experiments. These steps are 

explained in the next chapters 3.5, 3.6, and 4. 

 Verification and validation 3.5

Building the simulation model, the insight of how the ED behaves was obtained and some 

features where the system could be improved were found. Before running the simulations to 

obtain the same results as in the real ED and before starting with the scenarios, it was 

necessary to ensure that the model was correctly built. The model has to be an accurate 

representation of the real-world system (Banks, 1998). Therefore, the model had to be 

verified and validated to be able to consider that the simulation represents the system as it 

is. The model had to be built without any failure and with all the aspects needed to perform 

an increment in the service level of KSS ED. 

Verification is a determination of whether the computer implementation of the conceptual 

model is correct (Banks, 1998). It is to ensure that the computer program works properly 

representing the system in the same way as the real one is. The input parameters and logical 

structure of the model has to be correctly represented in the model to validate it (Banks, et 

al., 2005). Every process had to be performed in the model properly, using just the necessary 

staff and resources in each moment. In this case, to perform the verification, every different 

patient and staff of the model was followed during a few simulations to ensure they 

performed their tasks as they should. The number of resources and personnel involved at 

the ED was also revised. 

The next step was to evaluate the model. The length of each simulation was established in 

90 days. It was considered that running the model for 3 months would be enough to get 

accurate results. A replication analysis and the definition of the warm-up period were 

implemented, needed to avoid the variability of the output of the model and to know how 

accurate the obtained results were.  
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In order to determinate the warm-up period of the model, different calculations comparing 

the output data of the simulation model during the first simulated days were performed. 

The warm-up period is the time needed by the model to get the normal or usual working 

flow or activity of the ED without depending on the initial conditions. In this case, the warm-

up period was obtained making comparisons about the results of different simulations. 

Making comparisons of the first simulated days with the rest of them, it was possible to 

appreciate that the model was warmed-up after the ninth day of simulation. Hence, to avoid 

this variability, a warm-up period of 10 days was established. 

The replication analysis is done to determinate how many replications of the model would 

be necessary to obtain accurate data. In this case the data of the standard deviation and the 

mean of running the simulation a few times (with different number of replications) were 

introduced, trying to get as an output the smaller possible value of replications. Finally, the 

smaller deviation of the results was obtained running 10 replications of 90 days with a 

warm-up period of 10 days of simulation. At this point that the model was verified and giving 

accurate results, it was time for the validation process. 

Validation is a determination of whether the conceptual model can be substituted for the 

real system for the purposes of experimentation (Banks, 1998). It is usually one of the most 

difficult steps in a simulation project.  

In this project it was the most time-consuming task. Validate is to make sure that the model 

reflects the essence of the real-world system being modelled. Validation is especially critical 

in healthcare, since input data is often hard to obtain in a healthcare setting and 

assumptions can make the model invalid (Roberts, 2011). During the validation process, a 

constant communication between the programmer and the stakeholders of the hospital was 

established. During few meetings the results of the simulation were presented and 

requested for feedbacks in order to calibrate the model and to be able to obtain the desired 

accurate results which represent the behaviour of the real system. 

Analysing the results of the model comparing them with the results of the real system, it was 

possible to validate the model. The analysis of the results was done comparing the time till 

triage (TTT), time until doctor (TTL), length of stay of patients (LOS) and patients’ arrivals. 
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These comparisons are shown in the following figures. The rows of each table contain the 

classification of the different categories of patients. Besides that, they are classified by 

ambulance patients, walking patients and the total amount of patients. 

In table 4 the LOS results of patients are presented. The simulation results are compared 

with the data obtained from the real system. In the table, the maximum, minimum, mean 

(average) and 90 percentile values of the LOS of the different patients’ classifications are 

presented. 

 
Lenght of stay (LOS) (minutes)               

 
Real ED       Error Model       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 265.80 144.69 0 734 3.95 0.07 276.30 144.80 3.15 862.15 

Ambulance 263.00 146.25 0 701 6.20 -2.11 279.30 143.16 9.70 774.59 

Walk-in 267.00 143.96 0 734 3.10 0.97 275.29 145.36 3.15 835.04 

Med. amb 238.00 135.79 0 614 8.52 -0.98 258.27 134.45 11.58 579.72 

Sur. amb 264.00 147.60 0 569 8.65 -4.57 286.84 140.86 12.61 490.40 

Ort. amb 339.00 182.79 0 701 1.22 -2.85 343.12 177.59 11.17 748.05 

Chi. Amb 202.80 106.49 5 315 9.67 -0.17 222.41 106.31 17.11 308.18 

Medicine 274.00 164.10 0 704 4.83 -0.15 287.23 163.85 20.26 630.30 

Surgery 271.00 157.80 0 729 6.26 -0.95 287.96 156.29 19.74 659.67 

Orthopedic 290.00 155.57 0 734 -1.41 4.94 285.91 163.26 15.88 817.18 

Children 221.00 130.93 1 485 7.20 1.50 236.92 132.89 19.93 445.74 

Nurse patient 44.00 19.74 0 187 -6.92 9.64 40.95 21.64 3.15 116.51 
 

Table 4: Original model. Length of stay. 

The columns in green show the error between the results of the real ED and the simulated 

one. This error represents the difference between results, the real system and the model. It 

is calculated for the mean and 90 percentile with the following formula: 

𝐸𝑟𝑟𝑜𝑟 = 100 −
�̅�𝑚𝑜𝑑𝑒𝑙 ∗ 100

�̅�𝑟𝑒𝑎𝑙
 

This error was established to be lower than 5 % for the mean values and 10 % for the 90 

percentile values in order to get an accurate model. There are two exceptions, for nurse 

patients and for the TTT. These two cases represent low values, thus a 5 % of error would be 

a non-significant difference for them. 
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The TTT table 5 represents the time from the patient arrival (just for walking patients) until 

the patient enters the triage room. In this case, comparing the mean error, there is a 

difference bigger than the established maximum of 5 %. 

 
Waiting for triage (TTT) (minutes)              

 
Real ED       Error Model       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 21.00 7.85 0.00 139.00 8.45 -8.36 22.77 7.20 0.25 107.76 
 

Table 5: Original model. Time until triage. 

As explained above, this value has been considered as correct due to the low values which 

are being compared (between 7 and 8 minutes). 

The TTL table 6 shows the values of time that patients wait to be seen by a doctor from their 

arrival to the ED by ambulance or walking. 

 
Waiting for 1st Dr meeting (TTL) (minutes)           

 
Real ED       Error Model       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 141.00 63.77 1 562 -4.01 2.39 135.34 65.30 0.75 609.01 

Ambulance 109.00 46.48 1 412 1.59 -0.57 110.74 46.22 0.75 440.33 

Walk-in 151.00 72.05 1 562 -5.99 0.69 141.95 72.55 1.68 579.20 

Med. amb 121 51.04 1 412 3.52 2.60 125.26 52.37 1.32 426.69 

Sur. amb 89 38.32 1 239 0.42 -0.32 89.38 38.20 0.95 171.86 

Ort. amb 102 41.93 1 342 3.94 -4.12 106.02 40.20 0.78 310.92 

Chi. Amb 82.4 33.71 1 183 5.46 -4.08 86.90 32.34 2.83 156.25 

Medicine 169 79.89 1 399 -2.09 4.53 165.46 83.51 1.69 426.44 

Surgery 138 69.4 1 320 -6.82 2.07 128.59 70.84 2.14 402.78 

Orthopedic 161 70.58 1 562 -7.50 -4.55 148.93 67.37 2.40 579.20 

Children 130 63.43 1 265 -7.25 -0.56 120.57 63.08 2.15 291.82 
 

Table 6: Original model. Time until doctor. 

Table 7 shows the number of patient’s arrivals to the ED every day. It is divided in patients 

arriving by ambulance and patients arriving on foot. 
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Patient arrivals   

 
Real ED Error Model 

 
Mean % (mean) Mean 

Total patients 134,82 -0,04 134,88 

Ambulance 42,46 -2,35 43,46 

Walk-in 95,94 4,71 91,42 
 

Table 7: Number of patients' arrivals. 

As it is possible to appreciate in these four previous tables, the model of KSS ED represents 

the real system in accurate manner; all the obtained results from the simulation are very 

similar to the real values of the ED for all the different cases and kinds of patients. With 

these results the validation of the model was performed. Once the model was validated and 

verifies it was possible to start with the design of the improved scenarios. These scenarios 

are explained in the following sub chapter. 

 Design of improved scenarios 3.6

Once the simulation model was verified and validated, a system analysis of the model was 

implemented. Now it was possible to start finding possible weaknesses of the real system 

and to study the reasons why they occur. This analysis was done by going through the 

simulation trying to find bottlenecks and shifted bottlenecks in the processes. These 

bottlenecks are the ones which create delays in the system and reduce the throughput of 

patients. In this part of the project, previously documented and applied in other EDs “what 

if” scenarios were defined to check possible improvements in the existing configuration. 

They were performed some “what if” scenarios the stakeholders of KSS ED had in mind and 

some others that were thought during the development of this project. 

At the beginning four main scenarios were defined in order to increase the service level of 

KSS ED:  

- To increase the capacity of the X-ray department. 

- To model every doctor as a senior doctor (to eliminate junior doctors at the ED). 

- To eliminate surgery doctor’s exits to the hospital. 

- To reduce the disturbances of all the doctors (exits to the hospital). 
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The first scenario, to increase the capacity of the X-ray department, was compound by 

several scenarios. These scenarios were to reduce the waiting for X-ray results time, to keep 

open the X-ray department 24 hours a day (before, it closed from 1:30 to 8:00) and a 

combination of both scenarios. 

The second scenario was to suppose that there are no junior doctors working at the ED. 

There are two kinds of doctors working at KSS ED: junior doctors and senior doctors. Senior 

doctors have more skill level performing tasks than junior doctors. Hence, junior doctors are 

usually a 20 % slower performing tasks than senior doctors. They also have to frequently ask 

for advice to senior doctors to perform some tasks; this was modelled as interruptions (for 

both junior and senior doctors) of 10 % of their working time. On the contrary, senior 

doctors are interrupted more often with phone calls and exits to the hospital (in total around 

a 20 – 30 % of their working time). For more detailed information about the occupation of 

doctors see appendix 2, staff occupation charts.  

The third scenario was to eliminate the exits of surgery doctors to the hospital. Surgery 

doctors are frequently called from the hospital to perform other tasks outside the ED. The 

surgery department is the one with more doctor´s interruptions. 

The last scenario was compound by two scenarios: to reduce in a 50 % the disturbances of all 

the doctors and to totally eliminate them. It was done by eliminating the exits of doctors to 

the hospital but maintaining the phone calls disturbances. 

Implementing these scenarios the values of TTL and LOS of patients were reduced. In some 

cases these values decreased considerably; in other cases the improved scenario did not 

affect much to the patient flow. The results of these scenarios are presented and 

commented in chapter 4: results and analysis. 
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4  Results and analysis 

In this chapter, the results of the improved scenarios are presented clearly. Tables and 

graphs show the results of the analysis of the ED patients and staff flow. All the previously 

introduced improved scenarios are explained and its results compared with the original 

model. 

The results of the scenarios were analysed comparing different parameters. These are 

parameters usually measured at the hospital to evaluate the system performance. At KSS ED 

the objectives of the County Council were established over these parameters, TTT, TTL and 

LOS. The results of the model and every scenario have been compared in three different 

tables: TTT, TTL and LOS. The more relevant ones for each scenario are showed below. Each 

table contains a comparison of the 90 percentile (P90) and mean values for the different 

patients.  

 Improved scenarios 4.1

In this sub chapter the different improved scenarios are presented. There are four main 

different “what if” scenarios defined. The aim of these improved scenarios is to find a more 

optimal configuration of KSS ED in order to increase the service level of Kärnsjukhuset. As 

explained in the previous chapters it is done by reducing waiting times of patients and the 

LOS. Following the configuration of each scenario is explained and its results are shown and 

compared with the original model. 

4.1.1 Scenario 1: To increase the capacity of the X-ray department 

The first scenario, to increase the capacity of the X-ray department, is compound by three 

different versions of this scenario: 

- A. To reduce the waiting for X-ray results time to the half: The time orthopedic patients 

wait for results was modelled as a minimum value of 30 minutes, a maximum of 90 

minutes and a mode of 60 minutes during the day (8:00 -17:00). These values change 

during the night (17:00 -1:30): a minimum value of 30 minutes, a maximum of 60 minutes 

and a mode of 45 minutes. The rest of the night the X-ray department was closed. In this 
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improved scenario the result of these statistical triangular distributions were divided by 

two in order to reduce the waiting for X-ray results time to the half. In the next tables, TTL 

in Table 8 and LOS in Table 9, the obtained results of this scenario are compared with the 

ones of the original model. Since there is a major probability for ambulance orthopedic 

patients to need X-ray scans than for walking orthopedic patients, these X-ray scenarios 

have bigger impact for ambulance patients.  

In Table 8 the TTL results for orthopedic patients are highlight in yellow. It is possible to 

appreciate a reduction of 8-9 minutes in P90 and of 1-2 minutes in the mean values for 

orthopedic patients. Even though, these reductions for orthopedic patients have not a 

significant impact in the results of the total patients. 

 
Waiting for 1st Dr meeting (TTL) (minutes)           

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135,34 65,30 0,75 609,01 -1,30 -0,58 133,58 64,91 0,82 591,75 

Ambulance 110,74 46,22 0,75 440,33 0,05 -0,58 110,79 45,95 0,82 339,57 

Walk-in 141,95 72,55 1,68 579,20 -1,42 -0,58 139,94 72,13 1,70 591,75 

Ort. amb 106,02 40,20 0,78 310,92 -8,00 -5,50 97,54 37,99 0,86 262,78 

Orthopedic 148,93 67,37 2,40 579,20 -6,07 -2,02 139,89 66,01 2,19 550,08 
 

Table 8: Scenario 1a. Half time for X-ray results. TTL. 

In Table 9 there is a major impact for orthopedic patients in LOS. For the P90 values 

there are reductions of 47 minutes for ambulance patients and 29 minutes for walking 

patients. For the mean values there are reductions of 20 minutes for ambulance 

patients and 12 minutes for walking patients. These reductions of times for orthopedic 

patients are considerable due to these patients are the ones who are more far away of 

reaching the requirements of LOS established by the County Council of Västra Götaland. 

 
Lenght of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276,30 144,80 3,15 862,15 -2,00 -2,12 270,77 141,73 3,14 901,34 

Ambulance 279,30 143,16 9,70 774,59 -3,22 -3,17 270,32 138,62 10,26 681,14 

Walk-in 275,29 145,36 3,15 835,04 -1,57 -1,75 270,97 142,81 3,14 898,13 

Ort. amb 343,12 177,59 11,17 748,05 -13,75 -11,21 295,94 157,68 11,31 621,14 

Orthopedic 285,91 163,26 15,88 817,18 -10,08 -7,50 257,11 151,02 14,07 822,82 
 

Table 9: Scenario 1a. Half time for X-ray results. LOS. 
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- B. X-ray department is open 24 hours a day: This second version of the first scenario 

models the X-ray department opening 24 hours a day. In the original model the X-ray 

department is open from 8:00 to 1:30. Table 10 (TTL) and Table 11 (LOS) show the results 

of implementing this scenario: 

 
Waiting for 1st Dr meeting (TTL) (minutes)             

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135,34 65,30 0,75 609,01 0,53 0,45 136,06 65,59 0,76 605,99 

Ambulance 110,74 46,22 0,75 440,33 0,82 1,02 111,64 46,69 0,76 429,91 

Walk-in 141,95 72,55 1,68 579,20 0,46 0,31 142,61 72,78 1,69 576,18 

Ort. amb 106,02 40,20 0,78 310,92 0,92 0,67 106,99 40,47 0,78 315,38 

Orthopedic 148,93 67,37 2,40 579,20 0,39 0,61 149,52 67,78 2,06 576,18 
 

Table 10: Scenario 1b. X-ray open 24 hours. TTL. 

In this case the TTL values for orthopedic patients have increased in small percentages. 

This fact is due to the patients who were sent home because the X-ray department was 

closed now they go to X-ray before meeting the doctor. Hence, the LOS and TTL are 

increased although those patients receive their care in the same day. Otherwise, if they 

arrived during the night to the ED and the X-ray department was closed, they should to go 

home and go back to the ED next day. 

Table 11 shows that the values for orthopedic patients do not change in a significant way. 

The LOS of the patients who were going to the ED when the X-ray department was closed 

was very short since they were sent home. 

 
Lenght of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276,30 144,80 3,15 862,15 0,12 0,16 276,63 145,03 3,19 812,28 

Ambulance 279,30 143,16 9,70 774,59 -0,25 -0,41 278,62 142,57 10,54 753,55 

Walk-in 275,29 145,36 3,15 835,04 0,25 0,35 275,97 145,88 3,19 796,14 

Ort. amb 343,12 177,59 11,17 748,05 -0,55 -0,51 341,23 176,67 12,42 727,00 

Orthopedic 285,91 163,26 15,88 817,18 0,38 0,65 287,01 164,33 15,77 792,56 
 

Table 11: Scenario 1b. X-ray open 24 hours. LOS. 

Applying this scenario, orthopedic patients receive their treatment the same day; 

therefore their LOS is longer and they will not go back to the ED next day. This fact was 
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considered when modelling this scenario. The number of orthopedic patients going to the 

ED during the morning was reduced taking into account those patients who already 

received their care during the previous night and will not go to the ED during that 

morning. 

- C. Combination of the two previous scenarios: In this third version of the first scenario, 

the lab results for X-ray take half time than in the original model and the X-ray 

department is open 24 hours a day. The results of TTL are shown in Table 11 and the LOS 

in Table 12. 

 

 
Waiting for 1st Dr meeting (TTL) (minutes)             

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135,34 65,30 0,75 609,01 0,02 0,86 135,37 65,86 0,73 672,53 

Ambulance 110,74 46,22 0,75 440,33 2,21 2,17 113,18 47,22 0,73 421,57 

Walk-in 141,95 72,55 1,68 579,20 -0,38 0,53 141,42 72,94 1,67 627,99 

Ort. amb 106,02 40,20 0,78 310,92 -8,28 -4,23 97,24 38,50 0,75 267,30 

Orthopedic 148,93 67,37 2,40 579,20 -8,21 -2,68 136,70 65,56 1,91 610,20 
 

Table 12: Scenario 3c.  Half X-ray results and X-ray 24 hours. TTL. 

In this third version of the first scenario, Table 12 shows a more significant reduction of 

TTL for orthopedic patients than in the previous version of this scenario, on the contrary, 

this reduction is less significant than in the first version. This fact is due to the 

combination of both scenarios; the first version of this scenario reduces the TTL but the 

second increases it. 

 
Lenght of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276,30 144,80 3,15 862,15 -0,87 -0,57 273,89 143,97 3,15 834,74 

Ambulance 279,30 143,16 9,70 774,59 -1,65 -0,71 274,68 142,15 10,02 723,15 

Walk-in 275,29 145,36 3,15 835,04 -0,63 -0,52 273,56 144,61 3,15 815,49 

Ort. amb 343,12 177,59 11,17 748,05 -2,62 -2,25 334,14 173,58 11,19 678,76 

Orthopedic 285,91 163,26 15,88 817,18 -8,12 -5,56 262,69 154,18 15,95 788,60 
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Table 13: Scenario 3c. Half X-ray results and X-ray 24 hours. LOS. 

The LOS results also show a similar reduction of times due to same reason explained 

above, the first version of this scenario reduces the results but the second increases 

them. 

4.1.2 Scenario 2: Every doctor at the ED modelled as a senior doctor 

The second scenario is to model every doctor at KSS ED as a senior doctor. This is modelled 

increasing the skill level of junior doctors of the ED. On the one hand, implementing this 

scenario the disturbances due to exits to the hospital and phone calls of senior doctors are 

maintained. On the other hand, the asking for advice disturbances (10 % of the working time 

of both junior and senior doctors) are eliminated as well as tasks are performed a 20 % 

faster because of the increase of the skill level of junior doctors. In the following tables, 

Table 14 for TTL and Table 15 for LOS, it is possible to compare the results of this scenario 

with the results of the original model. 

 
Waiting for 1st Dr meeting (TTL) (minutes)             

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135.34 65.30 0.75 609.01 -1.54 -0.92 133.25 64.69 0.81 551.86 

Ambulance 110.74 46.22 0.75 440.33 -1.36 -1.47 109.23 45.54 0.81 429.36 

Walk-in 141.95 72.55 1.68 579.20 -1.50 -0.81 139.83 71.96 1.68 536.80 

Med. amb 125.26 52.37 1.32 426.69 -4.96 -3.63 119.05 50.47 1.31 422.56 

Sur. amb 89.38 38.20 0.95 171.86 4.16 3.71 93.10 39.61 0.95 179.79 

Ort. amb 106.02 40.20 0.78 310.92 1.43 0.07 107.54 40.23 0.85 292.37 

Chi. Amb 86.90 32.34 2.83 156.25 -4.64 -0.88 82.87 32.05 2.67 159.81 

Medicine 165.46 83.51 1.69 426.44 -4.86 -3.13 157.42 80.89 1.68 424.15 

Surgery 128.59 70.84 2.14 402.78 0.73 1.11 129.53 71.62 2.67 356.31 

Orthopedic 148.93 67.37 2.40 579.20 -2.18 -0.47 145.69 67.05 1.80 498.62 

Children 120.57 63.08 2.15 291.82 1.58 -0.21 122.47 62.95 2.68 249.29 
 

Table 14: Scenario 2. Just ST doctors. TTL. 

Table 14 shows a general reduction of the TTL values especially for medicine patients in a 

non-significant way. This is because of the availability of senior doctors is lower than the 

availability of junior doctors due to the major amount of disturbances that senior doctors 

have. The medicine department is the one with more junior doctors of the ED.  
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Lenght of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276.30 144.80 3.15 862.15 -0.84 -0.70 273.98 143.78 3.13 753.69 

Ambulance 279.30 143.16 9.70 774.59 -1.49 -1.43 275.13 141.11 9.82 709.13 

Walk-in 275.29 145.36 3.15 835.04 -0.63 -0.45 273.56 144.71 3.13 734.24 

Med. amb 258.27 134.45 11.58 579.72 -1.73 -2.53 253.79 131.04 10.71 574.59 

Sur. amb 286.84 140.86 12.61 490.40 -1.41 -0.86 282.81 139.65 13.06 506.00 

Ort. amb 343.12 177.59 11.17 748.05 -0.30 0.74 342.08 178.91 11.00 672.72 

Chi. Amb 222.41 106.31 17.11 308.18 -4.13 -1.39 213.23 104.83 18.16 334.36 

Medicine 287.23 163.85 20.26 630.30 -1.21 -1.97 283.77 160.62 18.13 646.02 

Surgery 287.96 156.29 19.74 659.67 0.59 0.09 289.66 156.44 18.51 610.24 

Orthopedic 285.91 163.26 15.88 817.18 -2.14 -1.47 279.79 160.86 16.56 673.88 

Children 236.92 132.89 19.93 445.74 0.98 -0.74 239.23 131.91 22.85 426.92 

Nurse patient 40.95 21.64 3.15 116.51 2.72 -2.30 42.07 21.15 3.13 111.57 
 

Table 15: Scenario 2. Just ST doctors. LOS. 

Table 15 shows similar results than the table below but with less difference between the 

original model and this scenario. This is due to the higher values of LOS comparing them with 

the TTL; this scenario has more impact in the TTL results due to the availability of doctors. 

4.1.3 Scenario 3: To eliminate exits of surgery doctors 

The third scenario is to eliminate the exits to the hospital for surgery doctors. Surgery 

doctors have to frequently leave the ED to perform other tasks at the hospital. The personal 

of KSS ED wanted to perform this “what-if” scenario in order to study if the results of LOS 

and TTL of surgery patients would be improved. In the following tables, Table 16 for TTL and 

Table 17 for LOS, it is possible to appreciate the difference between this scenario and the 

original modelled one.  
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Waiting for 1st Dr meeting (TTL) (minutes)           

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135.34 65.30 0.75 609.01 -5.10 -2.12 128.45 63.91 0.76 614.40 

Ambulance 110.74 46.22 0.75 440.33 -4.88 -1.40 105.33 45.57 0.76 369.42 

Walk-in 141.95 72.55 1.68 579.20 -5.07 -2.29 134.76 70.89 1.66 614.40 

Sur. amb 89.38 38.20 0.95 171.86 -9.62 -10.35 80.78 34.24 0.86 150.17 

Surgery 128.59 70.84 2.14 402.78 -11.43 -9.70 113.90 63.97 2.13 382.41 
 

Table 16: Scenario 3. To eliminate surgery doctors’ exits. TTL. 

In this case, as shown in Table 16, there is a significant reduction of TTL for surgery patients. 

There are reductions of 9-15 minutes in the P90 values and 4-7 minutes in the mean values.  

 
Lenght of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276.30 144.80 3.15 862.15 -1.91 0.63 271.01 145.71 3.14 817.70 

Ambulance 279.30 143.16 9.70 774.59 -3.51 0.43 269.49 143.79 10.46 719.00 

Walk-in 275.29 145.36 3.15 835.04 -1.38 0.70 271.49 146.38 3.14 802.48 

Sur. amb 286.84 140.86 12.61 490.40 -10.11 -6.14 257.83 132.21 11.09 464.49 

Surgery 287.96 156.29 19.74 659.67 -5.53 -3.42 272.05 150.94 19.74 684.85 
 

Table 17: Scenario 3. To eliminate surgery doctors’ exits. LOS. 

For the LOS values of surgery patients it is possible to appreciate that there is also a 

significant impact applying this scenario at the ED. There are reductions in P90 of 29 minutes 

for ambulance patients and 16 minutes for walking patients. For the mean values there are 

reductions in 9 minutes for ambulance patients and in 5 minutes for walking patients. This 

scenario has a major impact for ambulance patients than for walking patients due to the first 

ones have more probability to go to a second or even third meeting with the doctor. 

Nevertheless, the results of this scenario are far away of reaching the objectives established 

by the County Council of Västra Götaland. 

4.1.4 Scenario 4: To reduce doctor´s disturbances 

The last scenario, to reduce the disturbances for all the doctors at the ED, is compound by 

two different versions. The first one consists in reducing doctors’ disturbances to the half; 

the second one consists in totally eliminating them. The disturbances to be reduced are the 

exits to the hospital of doctors (around a 20 -30 % of the working time). These disturbances 
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occur when a doctor is called from the hospital to perform other tasks outside the ED. Here 

are presented the two versions of this scenario: 

- The first version, to reduce in a 50 % the disturbances, means to reduce just the exits to 

the hospital for all the doctors in general. In the following tables the results of this 

scenario are compared with the results of the original model. 

 

Waiting for 1st Dr meeting (TTL) (minutes)             

 

Original model     Difference Scenario       

 

P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 132,21 65,38 0,78 596,27 -3,90 -3,57 124,28 62,60 0,77 541,16 

Ambulance 109,36 46,73 0,78 409,57 -6,65 -6,21 99,27 44,06 0,77 363,25 

Walk-in 138,83 72,47 1,69 580,3 -3,28 -2,88 131,24 69,65 1,67 530,62 

Med. amb 118,71 51,38 1,32 403,78 -9,05 -7,84 107,17 49,95 1,35 343,71 

Sur. amb 93,95 40,47 0,93 160,05 -3,23 -4,40 82,36 36,11 0,92 146,76 

Ort. amb 109,96 43 0,79 329,36 -5,79 -2,57 103,96 38,74 0,81 294,44 

Chi. Amb 83,37 33,14 2,78 153,6 0,69 -0,62 83,34 31,38 2,77 147,41 

Medicine 154,38 81,35 1,69 377,85 -6,81 -4,79 147,92 80,37 1,68 384,09 

Surgery 129,3 72,22 2,03 376,3 -1,87 -2,17 116,30 65,73 2,05 399,79 

Orthopedic 145,43 67,07 2,39 566,2 -4,94 -2,77 143,23 65,91 1,88 530,62 

Children 122,4 64,35 3,26 287,46 0,20 -0,04 121,16 63,71 3,26 304,38 

Table 18. To reduce doctor´s disturbances to the half. TTL. 

The TTL results in  

 

Length of stay (LOS) (minutes)             

 

Original model     Difference Scenario       

 

P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 277,54 148,92 3,07 795,73 -2,22 -1,99 268,80 144,65 3,26 790,77 

Ambulance 276,61 146,65 9,9 674,77 -2,70 -2,71 264,92 140,96 9,92 674,55 

Walk-in 277,85 149,71 3,07 794,21 -2,07 -1,75 270,08 145,93 3,26 783,32 

Med. amb 257,92 136,52 11,62 550,75 -4,05 -4,42 247,68 133,99 10,86 510,22 

Sur. amb 277,47 151,07 12,84 487,49 -1,73 -1,82 263,16 133,82 11,39 455,28 

Ort. amb 336,21 178,36 10,81 647,32 1,15 0,36 341,49 176,56 12,17 673,37 

Chi. Amb 205,74 101,27 16,69 307,09 -0,82 1,06 207,97 106,11 18,68 309,96 

Medicine 290,94 168,62 19,71 608,17 -1,92 -2,24 284,92 167,75 22,63 595,19 

Surgery 294,05 162,73 19,09 711,99 -1,47 -1,34 275,50 153,77 17,42 704,93 

Orthopedic 274,16 164,87 17,69 697,83 -4,06 -1,45 278,92 160,16 14,74 702,27 

Children 239,57 134,26 25,25 459,8 -0,11 -0,95 239,59 135,88 24,84 455,36 

Nurse patient 41,74 21,33 3,07 117,46 2,09 2,36 42,50 21,78 3,26 122,77 

Table 19 show a general reduction of times for all the patients. The reductions are of 8 

minutes in P90 for the total patients and 3 minutes in mean for the total amount of 

patients.  
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Length of stay (LOS) (minutes)             

 

Original model     Difference Scenario       

 

P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 277,54 148,92 3,07 795,73 -2,22 -1,99 268,80 144,65 3,26 790,77 

Ambulance 276,61 146,65 9,9 674,77 -2,70 -2,71 264,92 140,96 9,92 674,55 

Walk-in 277,85 149,71 3,07 794,21 -2,07 -1,75 270,08 145,93 3,26 783,32 

Med. amb 257,92 136,52 11,62 550,75 -4,05 -4,42 247,68 133,99 10,86 510,22 

Sur. amb 277,47 151,07 12,84 487,49 -1,73 -1,82 263,16 133,82 11,39 455,28 

Ort. amb 336,21 178,36 10,81 647,32 1,15 0,36 341,49 176,56 12,17 673,37 

Chi. Amb 205,74 101,27 16,69 307,09 -0,82 1,06 207,97 106,11 18,68 309,96 

Medicine 290,94 168,62 19,71 608,17 -1,92 -2,24 284,92 167,75 22,63 595,19 

Surgery 294,05 162,73 19,09 711,99 -1,47 -1,34 275,50 153,77 17,42 704,93 

Orthopedic 274,16 164,87 17,69 697,83 -4,06 -1,45 278,92 160,16 14,74 702,27 

Children 239,57 134,26 25,25 459,8 -0,11 -0,95 239,59 135,88 24,84 455,36 

Nurse patient 41,74 21,33 3,07 117,46 2,09 2,36 42,50 21,78 3,26 122,77 

Table 19. To reduce doctor´s disturbances to the half. LOS. 

The LOS results,  

 

Length of stay (LOS) (minutes)             

 

Original model     Difference Scenario       

 

P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 277,54 148,92 3,07 795,73 -2,22 -1,99 268,80 144,65 3,26 790,77 

Ambulance 276,61 146,65 9,9 674,77 -2,70 -2,71 264,92 140,96 9,92 674,55 

Walk-in 277,85 149,71 3,07 794,21 -2,07 -1,75 270,08 145,93 3,26 783,32 

Med. amb 257,92 136,52 11,62 550,75 -4,05 -4,42 247,68 133,99 10,86 510,22 

Sur. amb 277,47 151,07 12,84 487,49 -1,73 -1,82 263,16 133,82 11,39 455,28 

Ort. amb 336,21 178,36 10,81 647,32 1,15 0,36 341,49 176,56 12,17 673,37 

Chi. Amb 205,74 101,27 16,69 307,09 -0,82 1,06 207,97 106,11 18,68 309,96 

Medicine 290,94 168,62 19,71 608,17 -1,92 -2,24 284,92 167,75 22,63 595,19 

Surgery 294,05 162,73 19,09 711,99 -1,47 -1,34 275,50 153,77 17,42 704,93 

Orthopedic 274,16 164,87 17,69 697,83 -4,06 -1,45 278,92 160,16 14,74 702,27 

Children 239,57 134,26 25,25 459,8 -0,11 -0,95 239,59 135,88 24,84 455,36 

Nurse patient 41,74 21,33 3,07 117,46 2,09 2,36 42,50 21,78 3,26 122,77 

Table 19, show a general non-significant reduction of times comparing them with the 

original model. There are reductions of 9 minutes in P90 and 4 minutes in mean values. 

However these differences are not really significant considering the total number of 

patients. 

- The second version of this scenario is to eliminate all the disturbances due to exits to the 

hospital. Hence, no doctor would perform any task outside the ED; they just would attend 

ED patients and phone calls. Here, in the two following tables, the comparison of the 

results of this scenario with the original modelled one is presented: 
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Waiting for 1st Dr meeting (TTL) (minutes)           

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135.34 65.30 1 609 -9.92 -6.79 121.92 60.86 0.77 449.07 

Ambulance 110.74 46.22 1 440 -12.03 -7.91 97.42 42.56 0.77 291.17 

Walk-in 141.95 72.55 2 579 -9.50 -6.51 128.47 67.83 1.66 449.07 

Med. amb 125.26 52.37 1 427 -14.70 -7.40 106.85 48.49 1.29 275.47 

Sur. amb 89.38 38.20 1 172 -8.53 -8.56 81.75 34.93 0.89 145.04 

Ort. amb 106.02 40.20 1 311 -7.16 -8.75 98.43 36.68 0.79 269.03 

Chi. Amb 86.90 32.34 3 156 -9.85 -3.89 78.34 31.08 2.79 146.62 

Medicine 165.46 83.51 2 426 -12.07 -6.59 145.49 78.01 1.68 309.96 

Surgery 128.59 70.84 2 403 -10.27 -9.34 115.38 64.22 2.01 330.58 

Orthopedic 148.93 67.37 2 579 -6.54 -4.91 139.20 64.06 1.95 448.52 

Children 120.57 63.08 2 292 -0.98 -0.58 119.39 62.71 3.11 257.24 

Table 20. To eliminate doctor´s disturbances. TTL. 

In this case, as shown in  

 
Waiting for 1st Dr meeting (TTL) (minutes)           

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P 90) % (mean) P90 Mean Min Max 

Total patients 135.34 65.30 1 609 -9.92 -6.79 121.92 60.86 0.77 449.07 

Ambulance 110.74 46.22 1 440 -12.03 -7.91 97.42 42.56 0.77 291.17 

Walk-in 141.95 72.55 2 579 -9.50 -6.51 128.47 67.83 1.66 449.07 

Med. amb 125.26 52.37 1 427 -14.70 -7.40 106.85 48.49 1.29 275.47 

Sur. amb 89.38 38.20 1 172 -8.53 -8.56 81.75 34.93 0.89 145.04 

Ort. amb 106.02 40.20 1 311 -7.16 -8.75 98.43 36.68 0.79 269.03 

Chi. Amb 86.90 32.34 3 156 -9.85 -3.89 78.34 31.08 2.79 146.62 

Medicine 165.46 83.51 2 426 -12.07 -6.59 145.49 78.01 1.68 309.96 

Surgery 128.59 70.84 2 403 -10.27 -9.34 115.38 64.22 2.01 330.58 

Orthopedic 148.93 67.37 2 579 -6.54 -4.91 139.20 64.06 1.95 448.52 

Children 120.57 63.08 2 292 -0.98 -0.58 119.39 62.71 3.11 257.24 

Table 20, it is possible to appreciate a major impact in the TTL values of totally eliminating 

doctors´ disturbances than applying the previous version of this scenario at the ED. It is 

possible to appreciate reductions of 13 minutes in P90 and 4 minutes in mean values for 

the total patients. 
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Length of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276.30 144.80 3.15 862.15 -3.74 -1.42 265.97 142.74 3.20 722.84 

Ambulance 279.30 143.16 9.70 774.59 -5.35 -2.41 264.35 139.71 10.34 669.90 

Walk-in 275.29 145.36 3.15 835.04 -3.15 -1.08 266.62 143.79 3.20 699.90 

Med. amb 258.27 134.45 11.58 579.72 -4.45 -1.00 246.76 133.11 11.05 451.30 

Sur. amb 286.84 140.86 12.61 490.40 -8.09 -5.88 263.65 132.58 11.87 393.37 

Ort. amb 343.12 177.59 11.17 748.05 -2.78 -1.85 333.58 174.30 11.76 669.90 

Chi. Amb 222.41 106.31 17.11 308.18 -8.38 -0.92 203.77 105.33 17.92 292.66 

Medicine 287.23 163.85 20.26 630.30 -2.07 0.45 281.30 164.59 19.30 506.96 

Surgery 287.96 156.29 19.74 659.67 -5.18 -3.07 273.06 151.49 17.88 628.12 

Orthopedic 285.91 163.26 15.88 817.18 -3.70 -2.86 275.34 158.59 15.32 693.33 

Children 236.92 132.89 19.93 445.74 -1.08 2.56 234.37 136.29 22.06 415.80 

Nurse patient 40.95 21.64 3.15 116.51 1.29 -1.17 41.48 21.39 3.20 131.20 

Table 21. To eliminate doctor´s disturbances. LOS. 

 

 
Length of stay (LOS) (minutes)               

 
Original model     Difference Scenario       

 
P90 Mean Min Max % (P90) % (mean) P90 Mean Min Max 

Total patients 276.30 144.80 3.15 862.15 -3.74 -1.42 265.97 142.74 3.20 722.84 

Ambulance 279.30 143.16 9.70 774.59 -5.35 -2.41 264.35 139.71 10.34 669.90 

Walk-in 275.29 145.36 3.15 835.04 -3.15 -1.08 266.62 143.79 3.20 699.90 

Med. amb 258.27 134.45 11.58 579.72 -4.45 -1.00 246.76 133.11 11.05 451.30 

Sur. amb 286.84 140.86 12.61 490.40 -8.09 -5.88 263.65 132.58 11.87 393.37 

Ort. amb 343.12 177.59 11.17 748.05 -2.78 -1.85 333.58 174.30 11.76 669.90 

Chi. Amb 222.41 106.31 17.11 308.18 -8.38 -0.92 203.77 105.33 17.92 292.66 

Medicine 287.23 163.85 20.26 630.30 -2.07 0.45 281.30 164.59 19.30 506.96 

Surgery 287.96 156.29 19.74 659.67 -5.18 -3.07 273.06 151.49 17.88 628.12 

Orthopedic 285.91 163.26 15.88 817.18 -3.70 -2.86 275.34 158.59 15.32 693.33 

Children 236.92 132.89 19.93 445.74 -1.08 2.56 234.37 136.29 22.06 415.80 

Nurse patient 40.95 21.64 3.15 116.51 1.29 -1.17 41.48 21.39 3.20 131.20 

Table 21 also clearly shows a more significant impact in the LOS values for all the patients 

in general eliminating doctors’ disturbances. There are reductions of 10 minutes in P90 

and 2 minutes in mean values for the total patients. 

In this chapter the obtained results of the four different improved scenarios with their 

correspondent versions have been presented and explained. A brief summary of the results 

is presented in the next sub-chapter, summary of results.  
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 Summary of results 4.2

In the following Table 22 a summary of the impact of the different scenarios in the patients’ 

waiting time is presented. In the left column the scenarios without a significant impact are 

listed; in the right column the scenarios with a significant positive impact in the waiting time 

results. 

Scenarios without significant impact in the results Scenarios with significant impact in the results 

 
- To keep opened the X-Ray department 24 

hours a day.  
 

- Every physician at the ED is modelled as senior 
physician.  
 

- Reduce in 50% the exits to the hospital for all 
the physicians. 

 

 
- Reduce in 50% the waiting time for X-Ray results. 

 
- To eliminate the exits of surgery physicians to the 

hospital.  
 

- To eliminate physician´s exits to the hospital. 
 

Table 22. Results summary table. 

Regarding the first scenario, to increase the capacity of the X-ray department, the 

improvements affect just to the orthopedic patients; they do not affect the rest of the 

patients. Hence, the impact of this scenario does not affect much the total system values of 

P90 and average of TTL neither LOS. If the results of the three versions of this scenario are 

compared, it is clear that the second and the third versions of this scenario do not improve 

the total results in a significant way. The first version of this scenario, to reduce the waiting 

for X-ray results time, is the only one which would reduce in a significant way the LOS and 

TTL of orthopedic patients. 

Regarding to the second scenario, to suppose that all the doctors working at the ED are 

senior doctors, it does not improve the LOS, TTL neither TTT of patients in a significant way. 

It is due to senior doctors are usually interrupted performing other tasks outside the ED and 

by phone calls; that means that even if senior doctors are faster performing tasks than junior 

doctors, senior doctors are available less time for the patient. 

The third scenario, to eliminate the exits to the hospital for surgery patients, shows that this 

fact is not the problem which causes the high values of LOS and TTL of the total patients. The 
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results just improve the times of surgery patients in a significant way but not the results for 

the total patients in a significant manner. Applying this scenario for the all patients would 

have a bigger impact in the general results.  

The last scenario, to reduce doctor’s disturbances, is compound by two different versions. 

On the one hand, to reduce the exit to the hospital for all the doctors in a 50 %, improves 

the results of TTL and LOS for all the patients but not in a significant manner. On the other 

hand, the results of applying the second version of this scenario, to totally eliminate doctors’ 

disturbances (just exits to the hospital, phone call disturbances are still modelled), has a 

major impact in the TTL and LOS values for the total patients. 

5 The scenarios to be implemented at KSS ED and the 

conclusion of these results are presented in the following 

chapter 6, Discussion 

Analysing the results it is possible to appreciate the level of improvement of the different 

designed scenarios. Going through them, there is a different impact in the TTL and in the LOS 

of patient. The scenarios related to orthopedic patients have a major impact in the LOS due 

to they do not usually wait for X-ray results before the first meeting with the doctor; they 

usually do it after the first meeting with the doctor so the LOS is more affected by this 

scenarios. It is shown clearly that the scenario that should be implemented for orthopedic 

patients is the scenario 1A, to reduce the waiting time for X-ray results to the half. 

On the other hand, the scenarios related to the disturbances of doctors have a major impact 

in the TTL than in the LOS. This is partially due to the reason that most of the patients wait 

mainly to be seen by a doctor after the triage or after the ambulance; they do not wait so 

often for lab or X-ray results before the first meeting with the doctor. However after the first 

meeting with the doctor they also usually wait 1 hour approximately for lab or X-ray results 

before waiting to the doctor for the second meeting. For that reason the time reduction of 

decreasing the doctor’s disturbances in the LOS is less appreciable than in the TTL due to 

patients wait longer for lab or X-ray results. Another reason is the higher values of LOS 

compared with the TTL values; the same reduction applied to both values would impact 
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more on the lower one. Hence, it is possible to appreciate in the results that these scenarios 

of reducing the disturbances of doctors have a significant impact when they are totally 

eliminated for surgery patients and for all the categories of patients. In my opinion to 

implement this scenario in the real system could be a complex task right now due to many 

departments of the hospital share resources with the ED. Even though this scenario should 

be considered to plan future major changes in the general structure of the hospital in order 

to give the staff and resources of the ED more independence from other wards of the 

hospital. 

It has been also demonstrated with these results that the scenarios of substituting junior 

doctors at the ED by senior doctors has not a real significant impact in the results. 

Apparently there is a good mix at KSS ED of junior and senior doctors due to junior doctors 

are usually slower preforming their tasks but they are more frequently available for ED 

patients. 

On the other hand it has been demonstrated that applying and developing the results of a 

simulation study in a healthcare system in order to improve the system and the satisfaction 

of the patient is not an easy task. Often there is a series of usual constraints that the 

modeller has to face when developing these kinds of projects. 

For example, one of the main constraints is the lack of enough time of the stakeholders 

managing a system like this one to spend with the modeller of the simulation. There should 

be a continuous communication between the people in charge of managing the project in 

the real system and the team developing the simulation project. In our case the stakeholders 

of the project were really involved but probably a major involvement and more 

communication would have reduced the required times to develop this project. 

The second main constraint is to build a model such as stochastic as an ED is. It is a very 

tedious and time consuming task if the programmer does not have the insight of the system 

and he does not choose the right simulation tool. This is due to there is a huge amount of 

variable processes that affect the patients’ flow therefore it is quite difficult to obtain an 

exactly behaviour of all the processes occurring at the real system in a simulated model. In 

this project it took long time to obtain and assimilate the knowledge obtained from the ED 
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due to the reason that it was the first healthcare simulation project developed by the 

programmer. 

Another constraint is to determinate which data from the real system is totally reliable. This 

data should be modelled in the exact way to represent the real processes but sometimes, 

analysing the available data, it is hard to distinguish when some specific data corresponds to 

a real process or behaviour or it does not correspond to any process of the real system 

because it is wrong. Sometimes suppositions are necessary to build a model due to the lack 

of reliable data. This non-accurate data often can be filtered between some boundaries 

established with the help of studying the real system in order to find the most accurate data 

which represents the real process; in this process it is really necessary the engage between 

the personal of the healthcare system and the modeller. 

The last main constrain is the lack of a good user’s manual of the simulation software used in 

this project, Flexsim HC. The existing manual is too simple and related to old versions of the 

software. There is not an updated online version of the manual and it does not explain a lot 

of commands and advanced options available when programming with this software. 

Finally, it is also necessary to mention that previous versions of the software, Flexsim 

Healthcare, had a lot of factory-programming errors which slow down a lot a simulation 

programming unless the programmer recognizes those errors and avoids or fixes them. Thus 

the support service, which worked in a quite efficient way, was asked to fix some bugs 

impossible to trick or manage in another way. Finally new improved versions of the software 

were upgraded and some of the bugs were fixed; the remaining bugs were just tricked with 

the help of the insight of other experimented programmers.  
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Conclusions and future work. Following, a brief discussion of these results is presented in 

chapter 6, Discussion. 
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6 Discussion 

Analysing the results it is possible to appreciate the level of improvement of the different 

designed scenarios. Going through them, there is a different impact in the TTL and in the LOS 

of patient. The scenarios related to orthopedic patients have a major impact in the LOS due 

to they do not usually wait for X-ray results before the first meeting with the doctor; they 

usually do it after the first meeting with the doctor so the LOS is more affected by this 

scenarios. It is shown clearly that the scenario that should be implemented for orthopedic 

patients is the scenario 1A, to reduce the waiting time for X-ray results to the half. 

On the other hand, the scenarios related to the disturbances of doctors have a major impact 

in the TTL than in the LOS. This is partially due to the reason that most of the patients wait 

mainly to be seen by a doctor after the triage or after the ambulance; they do not wait so 

often for lab or X-ray results before the first meeting with the doctor. However after the first 

meeting with the doctor they also usually wait 1 hour approximately for lab or X-ray results 

before waiting to the doctor for the second meeting. For that reason the time reduction of 

decreasing the doctor’s disturbances in the LOS is less appreciable than in the TTL due to 

patients wait longer for lab or X-ray results. Another reason is the higher values of LOS 

compared with the TTL values; the same reduction applied to both values would impact 

more on the lower one. Hence, it is possible to appreciate in the results that these scenarios 

of reducing the disturbances of doctors have a significant impact when they are totally 

eliminated for surgery patients and for all the categories of patients. In my opinion to 

implement this scenario in the real system could be a complex task right now due to many 

departments of the hospital share resources with the ED. Even though this scenario should 

be considered to plan future major changes in the general structure of the hospital in order 

to give the staff and resources of the ED more independence from other wards of the 

hospital. 

It has been also demonstrated with these results that the scenarios of substituting junior 

doctors at the ED by senior doctors has not a real significant impact in the results. 

Apparently there is a good mix at KSS ED of junior and senior doctors due to junior doctors 
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are usually slower preforming their tasks but they are more frequently available for ED 

patients. 

On the other hand it has been demonstrated that applying and developing the results of a 

simulation study in a healthcare system in order to improve the system and the satisfaction 

of the patient is not an easy task. Often there is a series of usual constraints that the 

modeller has to face when developing these kinds of projects. 

For example, one of the main constraints is the lack of enough time of the stakeholders 

managing a system like this one to spend with the modeller of the simulation. There should 

be a continuous communication between the people in charge of managing the project in 

the real system and the team developing the simulation project. In our case the stakeholders 

of the project were really involved but probably a major involvement and more 

communication would have reduced the required times to develop this project. 

The second main constraint is to build a model such as stochastic as an ED is. It is a very 

tedious and time consuming task if the programmer does not have the insight of the system 

and he does not choose the right simulation tool. This is due to there is a huge amount of 

variable processes that affect the patients’ flow therefore it is quite difficult to obtain an 

exactly behaviour of all the processes occurring at the real system in a simulated model. In 

this project it took long time to obtain and assimilate the knowledge obtained from the ED 

due to the reason that it was the first healthcare simulation project developed by the 

programmer. 

Another constraint is to determinate which data from the real system is totally reliable. This 

data should be modelled in the exact way to represent the real processes but sometimes, 

analysing the available data, it is hard to distinguish when some specific data corresponds to 

a real process or behaviour or it does not correspond to any process of the real system 

because it is wrong. Sometimes suppositions are necessary to build a model due to the lack 

of reliable data. This non-accurate data often can be filtered between some boundaries 

established with the help of studying the real system in order to find the most accurate data 

which represents the real process; in this process it is really necessary the engage between 

the personal of the healthcare system and the modeller. 
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The last main constrain is the lack of a good user’s manual of the simulation software used in 

this project, Flexsim HC. The existing manual is too simple and related to old versions of the 

software. There is not an updated online version of the manual and it does not explain a lot 

of commands and advanced options available when programming with this software. 

Finally, it is also necessary to mention that previous versions of the software, Flexsim 

Healthcare, had a lot of factory-programming errors which slow down a lot a simulation 

programming unless the programmer recognizes those errors and avoids or fixes them. Thus 

the support service, which worked in a quite efficient way, was asked to fix some bugs 

impossible to trick or manage in another way (Flexsim, 2012). Finally new improved versions 

of the software were upgraded and some of the bugs were fixed; the remaining bugs were 

just tricked with the help of the insight of other experimented programmers.  
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7 Conclusions and future work 

In this chapter the methodology and results of this project are analysed. The advantages of 

the different approaches to accomplish the goals of this project are also discussed. The 

major improvements of the results of KSS ED are summarized and the future work of this 

thesis is presented. 

 Introduction 7.1

Nowadays the application of simulation tools for system improvement is rapidly increasing 

due to the aid it gives to optimise real production on healthcare systems and processes. 

Simulation is an analytical tool to obtain results needed to create, maintain, evaluate or 

improve any kind of system or process (Roberts, 2011). Due to many times it is not possible 

to figurate the results of the implementation of changes in different processes, it is really 

useful to create a simulation of how the implementation of a process would impact the 

system. Furthermore, different and complex what-if scenarios can be tried in a real system 

without affecting the production or involved processes. 

Applying simulation tools it is possible to build a virtual model of a healthcare system close 

enough to the real one; always depending on the level of detail needed for the propose of 

the simulation project. Analysing and modifying this model, the necessary information to 

design, modify or improve the efficiency of a system can be obtained. Great improvements 

can be implemented without spending too many resources neither the big amount of time 

that would be necessary to develop a task like this one, to increase the service level of KSS 

ED. 

Additionally, “what-if” scenarios have been a really useful tool to increase the service level 

of KSS ED. The implementation in the system of new ideas and new behaviours of the 

different processes could cost a big amount of time, money, resources and even stopping 

the normal activity of the hospital. Hence, when changes want to be applied to a real system 

without disturbing it, it is not possible to do it without the use of a powerful model which 

simulates the real system as it is. 
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 Conclusions 7.2

This project has highlighted the advantages of simulation, a formidable tool to evaluate 

healthcare system and a key approach to increase their service level. It has been 

demonstrated that even an ED, with is one of the most stochastic systems in healthcare, can 

be represented with a detailed DES model for its analysis and improvement. It has been also 

demonstrated the great importance of the level of involvement of the stakeholders to build 

the conceptual model of the system, to obtain the necessary data to feed the simulation 

model, to verify and validate it and to design the improved scenarios to find a better 

configuration of the system.  

Analysing the results of the different scenarios from a generic perspective, it is clear that the 

application of some scenarios at KSS ED would increase the service level and efficiency of the 

system. The waiting time and LOS for some categories of patients has been reduced in a 

significant manner. With these results it has been also demonstrated that the application of 

some improvements (scenarios) at the ED will not improve the service level and efficiency of 

the system or even would affect in a negative way to the patients’ times of KSS ED.  

Studying this results and the model behaviour it was possible to appreciate that there are 

other facts affecting the TTT, TTL and LOS of the ED patients. The long waiting times of 

patients are also due to many other reasons. These reasons could be the lack of doctors 

and/or nurses from 11:00 to 20:00, when more patients arrive to the ED or the long time 

required to obtain the analysed laboratory results of the different samples. 

The development of this project has demonstrated that with the implementation at KSS ED 

of a combination of improved scenarios it is possible to increase in a significant manner the 

efficiency and service level of the ED. Additionally, It has been also demonstrated that the 

implementation of other scenarios in the system that were supposed to increase the 

patients’ flow of the ED, could make it worst with the possibility of collapse if implemented 

directly at the hospital. 

This project shows that simulation technology is a useful tool to improve different complex 

areas of healthcare systems. Using these techniques a great deal of improvement of the 
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results of a working system can be done without interrupting its normal activity. Better 

configurations of the staff, resources, processing times and patient flow can be found for 

almost any process of healthcare systems, no matter how complex or stochastic they are, 

obtaining the benefits of costs and waiting time reductions and throughput increases. 

 Future work 7.3

Future work could be the design of more scenarios by the own criteria of the programmer, 

stakeholders or the different staff of the hospital to implement interesting “what-if” 

experiments at KSS ED. A better connexion between the simulation software, Flexsim HC, 

and the Microsoft Excel spread sheets could be implemented in order to obtain the data 

from the simulation in an easier way. This connexion could be programed using Visual Studio 

and Excel macros to be able to obtain directly the results of the replications of each scenario 

in a more efficient manner.  

Finally, the main path to continue this project would be to perform a simulation-based 

optimization (SBO). This is a very useful technique for the improvement of complex systems 

and processes with a great deal of different configurations (Ng, et al., 2008; Persson, et al., 

2007). This optimization consists in connecting the simulation software with this model 

running to an optimization engine. This optimization approach could be developed running 

the model in a cluster with many computers working at the same time with the different 

input variables of the simulation model. Developing this connection with the optimization 

engine, it could be possible to include cost variables for the processes and staff in the model 

as well as some constrains and objectives to decrease the costs and to increase the 

throughput of patients and the efficiency of KSS ED minimizing the waiting times. Hence, the 

most optimal configurations of the system could be found without disturbing it, saving big 

amounts of money, time and resources.  
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9 Appendix 

 Appendix 1: Modelling assumptions 9.1

Assumption Reason Data based on 

Comparing the results, it has 

been considered a 

maximum difference 

between the real ED and the 

model of a 5% for mean 

values and a 10 % for P90 

values. 

For nurse patients that 

difference may vary due to 

the low values. 

Own assumption. Meetings at the university 

with Pierre and Catarina. 

Only orthopedic patients go 

to X-ray. 

It is the most common 

case. 

Meetings at the university 

with Pierre and Catarina. 

Only nurse-patients blue 

and green have been 

modeled. 

The rest of categories of 

nurse-patients are less 

than 0.36% of the total 

patients. 

Excel documents from the 

hospital. 

Nurse-patients who arrive 

to the hospital by 

ambulance have not been 

modeled. 

They are 0.13 % of the 

total number of patients. 

Excel documents from the 

hospital. 

Öron (ear) and ögon (eye) 

patients have not been 

modeled. 

They are a 2.79 % and a 

0.1 % of the total number 

of patients. They use 

Meetings at the university 

with Pierre and Catarina. 
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Assumption Reason Data based on 

doctors who are not 

usually working at the ED. 

The pattern of patient’s 

arrivals is the same from 

Tuesday till Friday. 

The number of patient 

arriving those days is 

almost the same. 

Data analysis of excel 

documents from the 

hospital. 

Every doctor spends a 10 % 

of the shift consulting to 

other doctors. 

AT (junior) doctors 

usually ask to ST (senior) 

doctors for information of 

medical issues. 

 

Meetings at the university 

with Pierre and Catarina. 

The time of the meetings of 

the doctor with the patient 

is increased in a 20 % when 

it is done by an AT doctor. 

AT doctors usually need 

more time than ST 

doctors to perform the 

meetings with the 

patients. 

Skype meetings with Matias. 

The second triage room can 

stay opened 30 minutes 

more depending on the 

number of patients waiting 

for triage. 

Visits to the hospital. Meetings at the university 

with Pierre and Catarina. 

Orthopedic patients do not 

obtain an X-ray prescription 

if it is later than 1 am; they 

are sent home instead. 

To avoid patients being 

sent to X-ray when it is 

closing time (it closes at 

1:30 am). 

Meetings at the university 

with Pierre and Catarina. 

Orange and red children Own assumption. Own assumption. 
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Assumption Reason Data based on 

and surgery patients do not 

wait for lab-results before 

going to 1st meeting with 

doctor. 

Red orthopedic and 

medicine patients do not 

wait for lab or X-ray results 

before going to 1st meeting 

with doctor. 

Own assumption. Own assumption. 

60 % of orthopedic walking 

patients go to X-ray. 

70 % of orthopedic 

ambulance patients go to X-

ray. 

 

Not all the orthopedic 

patients go to X-ray. 

These values are estimated. 

They are not accurate 

values. 

Meetings at the university 

with Pierre and Catarina. 

In the Excel document from 

the hospital, just a 20 % of 

the zero-minutes values of 

TTT (tid till triage) have 

been considered. 

There are too many 

patients (half of the total) 

waiting 0 minutes for 

triage. It has been 

considered as non-

reliable data. 

Excel documents from the 

hospital. 

Ambulance patients go 

directly to room. If there are 

non-available rooms, they 

wait in the observation 

room. 

If there are empty rooms 

patients should go to the 

room instead of to the 

waiting room. 

Emails from Pierre and 

Catarina. 
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Assumption Reason Data based on 

Walking patients wait for 

results in the room. If there 

are non-available rooms, 

they wait in the waiting 

room. 

If there are empty rooms 

patients should wait in 

the room instead of in the 

waiting room. 

Emails from Pierre and 

Catarina. 

Waiting time for lab results 

has a mode of 46 minutes, a 

minimum of 10 minutes and 

a maximum 2h. 

Data from the hospital. Emails from Pierre and 

Catarina. 

Administrative task 

duration of doctors has a 

minimum, maximum and 

mode values of: 

- Med.      5, 60, 15 
- Ort.        4, 60, 8 
- Sur.        10, 90, 25 
- Chil.       5, 52, 15 

 

Data from the hospital. Meetings at the university 

with Pierre and Catarina. 

Waiting time for X-ray lab-

results has a mode of 45 

minutes, a minimum of 30 

minutes and a maximum of 

60 minutes during the day; 

during the night, a mode of 

60 minutes, a minimum of 

30 minutes and a maximum 

of 90 minutes. 

Data from the hospital. Emails from Pierre and 

Catarina. 

The percentage of patients 

who wait for lab results* 

Own assumption. Meetings at the university 
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Assumption Reason Data based on 

before the 1st meeting with 

the doctor is: 

Walking: 

- Med.            33 % 
- Ort.              6 % 
- Sur.              40 % 
- Chil.             20 % 

Ambulance: 

- Med. amb.  33 % 
- Ort. amb.    7 % 
- Sur. amb.    50 % 
- Chil. amb.   20 % 

 

*Not included red and 

orange children and surgery 

patients neither red 

orthopedic nor medicine 

patients. These patients do 

not wait for results before 

the 1st meeting. 

with Pierre and Catarina. 
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The percentage of patients who go to the different meetings is: 

 

1st Dr. meeting 2nd Dr. meeting 3rd Dr. meeting 

Medicine 55 29 16 

  55 (amb) 27 (amb) 18 (amb) 

Surgery 55 27 18 

  50 (amb) 25 (amb) 25 (amb) 

Orthopedic 20 58 22 

  18 (amb) 46 (amb)  36 (amb) 

Children 65 32 3 

  65 (amb) 31 (amb) 4 (amb) 
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 Appendix 2: Staff occupation charts 9.2
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Occupation of medicine doctors 

- 3 ST shifts (8:00-16:00; 16:00-00:00; 00:00-8:00): 

 

Medicine 1 ST 8:00 - 16:00 
Percentages of the working time 

55,49 %  Performing task + in
transit

39,18 %  Interrupted

5,33 %  Waiting for task

Medicine 1 ST 16:00 - 00:00 
Percentages of the working time 

83,18 %  Performing task + in
transit

14,07 %  Interrupted

2,75 %  Waiting for task

Medicine 1 ST 00:00 - 8:00 
Percentages of the working time 

58,06 %  Performing task + in
transit

10,32 %  Interrupted

30,97 %  Waiting for task
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- 3 AT shifts (8:00-16:00; 16:00-00:00; 00:00-8:00): 

 

Medicine 2 AT 8:00 - 16:00 
Percentages of the working time 

56,55 %  Performing task + in
transit

34,82 %  Interrupted

8,95 %  Waiting for task

Medicine 2 AT 16:00 - 00:00 
Percentages of the working time 

86,5 %  Performing task + in
transit

10,43 %  Interrupted

2,76 %  Waiting for task

Medicine 2 AT 00:00 - 8:00 
Percentages of the working time 

57,74 %  Performing task + in
transit

7,1 %  Interrupted

34,84 %  Waiting for task



Improvement of the service level of an emergency department using DES 

 

  

Enrique Ruiz Zúñiga  86 of 88 

- 2 ST shifts (8:00-15:00; 15:00-20:00 (15:00-17:00 during weekends)): 

 

 

  

Medicine 3 ST 8:00 - 15:00 
(weekends) 

Percentages of the working time 

61,73 %  Performing task + in
transit

33,57 %  Interrupted

4,69 %  Waiting for task

Medicine 3 ST 15:00 - 20:00 
(weekends) 

Percentages of the working time 

82,66 %  Performing task + in
transit

15,61 %  Interrupted

1,73 %  Waiting for task
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Occupation of surgery doctors. 

- 3 AT shifts (8:00-16:00; 16:00-00:00; 00:00-8:00): 

 

 

Surgery 1 AT 8:00 - 16:00 
Percentages of the working time 

83,02 %  Performing task +
in transit

11,73 %  Interrupted

4,94 %  Waiting for task

Surgery 1 AT 16:00 - 00:00 
Percentages of the working time 

92,15 %  Performing task +
in transit

6,04 %  Interrupted

1,81 %  Waiting for task

Surgery 1 AT 00:00 - 8:00 
Percentages of the working time 

88,92 %  Performing task +
in transit

4,92 %  Interrupted

5,85 %  Waiting for task
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- 3 ST shifts (10:00-16:00; 16:00-21:00; 21:00-06:30): 

Surgery 2 ST 10:00 - 16:00 
Percentages of the working time 

68,95 %  Performing task + in
transit

27,4 %  Interrupted

3,65 %  Waiting for task

Surgery 2 ST 16:00 - 00:00 
Percentages of the working time 

72,84 %  Performing task + in
transit

22,09 %  Interrupted

5,37 %  Waiting for task

Surgery 2 ST 21:00 - 6:30 
Percentages of the working time 

79,8 %  Performing task + in
transit

13,38 %  Interrupted

6,82 %  Waiting for task
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Occupation of orthopedic doctors. 

- 3 ST shifts (8:00-16:00; 16:00-00:00; 00:00-8:00): 

 

Orthopedic 1 ST 8:00 - 16:00 
Percentages of the working time 

65,12 %  Performing task + in
transit

28,7 %  Interrupted

6,17 %  Waiting for task

Orthopedic 1 ST 16:00 - 00:00 
Percentages of the working time 

74,09 %  Performing task + in
transit

23,17 %  Interrupted

2,74 %  Waiting for task

Orthopedic 1 ST 00:00 - 8:00 
Percentages of the working time 

75,31 %  Performing task + in
transit

14,69 %  Interrupted

10 %  Waiting for task
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- 1 ST shift (During the week: 12:00 - 19:00 or 9:00 -16:30. During the weekend: 

8:30 - 18:00): 

 

- 1 AT shift (12:00 - 16:30 during the week): 

 

 

  

Orthopedic 2 ST 8:00 - 16:00 
Percentages of the working time 

68,97 %  Performing task + in
transit

26,15 %  Interrupted

4,6 %  Waiting for task

Orthopedic 3 AT 8:00 - 15:00 
Percentages of the working time 

80,17 %  Performing task + in
transit

15,19 %  Interrupted

4,64 %  Waiting for task
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Occupation of children doctors. 

- 3 ST shifts (8:00-16:00; 16:00-00:00; 00:00-8:00):

 

Children 1 ST 8:00 - 16:00 (weekends) 
Percentages of the working time 

14,33 %  Performing task + in
transit

85,67 %  Interrupted

0 %  Waiting for task

Children 1 ST 16:00 - 00:00 
Percentages of the working time 

66,88 %  Performing task + in
transit

33,12 %  Interrupted

0 %  Waiting for task

Children 1 ST 00:00 - 08:00 
Percentages of the working time 

47,42 %  Performing task + in
transit

52,58 %  Interrupted

0 %  Waiting for task



Improvement of the service level of an emergency department using DES 

 

  

Enrique Ruiz Zúñiga  92 of 88 

Occupation of medicine nurses. 

 

Nurse medicine 1 Full time  
Percentages of the working time 

10,5 %  Time with patients +
in transit

0 %  Interrupted

89,5 %  Performing other
tasks

Nurse medicine 2 14:30 - 20:00 
Percentages of the working time 

25,57 %  Time with patients +
in transit

0 %  Interrupted

74,89 %  Performing other
tasks

Nurse medicine 3 15:00 - 20:00 
Percentages of the working time 

24,45 %  Time with patients +
in transit

0 %  Interrupted

75,98 %  Performing other
tasks
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Occupation of children nurses. 

 

  

Nurse children 15:00 - 08:00 
Percentages of the working time 

16,85 %  Time with patients +
in transit

0 %  Interrupted

83,15 %  Performing other
tasks
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Occupation of surgery nurses. 

 

 

  

Nurse surgery 1 Full time 
Percentages of the working time 

16,1 %  Time with patients + in
transit

0 %  Interrupted

83,9 %  Performing other tasks

Nurse surgery 2 14:30 - 20:00 
Percentages of the working time 

26,03 %  Time with patients + in
transit

0 %  Interrupted

73,97 %  Performing other tasks
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Occupation of orthopedic nurses. 

  

Nurse orthopedic 1 Full time 
Percentages of the working time 

28,1 %  Time with patients +
in transit

0 %  Interrupted

71,9 %  Performing other
tasks
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 Appendix 3: Data analysis charts 9.3

Patient histogram per day 

 

Patient Histogram per month 
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Patient Histogram per day and month 

 

Ambulance patient’s histogram per week day 
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Walk-in patient’s histogram per week day 
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Ambulance patient’s histogram. Hourly arrivals per week day 
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Ambulance patients. Hourly arrivals per week day 
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Walk-in patient’s histogram. Hourly arrivals per week day 
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Walking patients. Hourly arrivals per week day
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Hourly arrivals per triage colour for ambulance patients 
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Hourly arrivals per triage colour for ambulance patients

 

Hourly arrivals per triage color for ambulance patients, percentage 

  

0

50

100

150

200

250

300

350

400

450

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Blue

Green

Yellow

Marigold

Red

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Red

Marigold

Yellow

Green

Blue



Improvement of the service level of an emergency department using DES 

 

  

Enrique Ruiz Zúñiga  108 of 88 

Triage colour per week-day 1st week of January 

 

Patients per clinic 2011 
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Patients per department 2011 

 

9.3.1.1 Triage classification per department 
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Triage colour of patients arriving by ambulance 

 

Triage colour of patients per department arriving by ambulance 
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Total of patients arriving by ambulance to the departments 
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Patient classification 
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 Appendix 4: Executive Summary 9.4

Emergency departments in Sweden are usually struggling with long waiting times, delays and 

bottlenecks in the system. The County Council of Västra Götaland has established to decrease the 

average time a patient stays in an emergency department as important priority as well as the waiting 

time to be seen by a nurse and by a physician. The maximum length of stay has to be less than four 

hours, including waiting times, as well as surgery and special analyses if any, until the patient may 

leave the emergency department either by going home or by being transferred to another hospital 

department. The maximum time to be seen by a nurse should not exceed ten minutes and one hour 

to be seen by a physician. 

Healthcare systems are usually characterized by its complexity because of the variability and 

stochastic nature of the different processes involved in the flow of patients, staff and resources. 

Hence, it is necessary to apply discrete-event simulation and process analysis in healthcare to 

improve the service level of the system, increase the use of the existing resources and reduce the 

waiting times of patients as well as idle times of physicians and nurses. In this project a computer-

based simulation tool will be applied at the emergency department of the hospital Kärnsjukhuset in 

Skövde, which belongs to Skaraborgs Sjukhus and is one of the largest emergency departments in the 

region of Västra Götaland. This project will create a three-dimensional model to be able to visualize 

and understand easily the problems of the emergency department by everyone involved in the 

healthcare system. This model will be modified to develop possible optimized scenarios in order to 

increase the service level of the system.   

The aim of the project is to maximize the service level of the emergency department, i.e. to find the 

optimal configuration of physicians, personnel and work schedule, patient volumes, process flow 

characteristics and room type setup and number. 

The result of the simulation is the design of an optimum configuration that gives Kärnsjukhuset the 

possibility to meet the requirements established by the County Council. It includes redistribution of 

different rooms in the emergency department, personal, resources, queue systems etc. Waiting 

times of patients are reduced and the use and efficiency of the existing resources of the hospital are 

increased. 

The use of simulation tools provides enormous benefits for healthcare system analysis and 

improvement; new ideas and scenarios can be designed without disturbing the normal activities of 

the hospital, saving considerable time, money and resources. 


