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Abstract  

 

The Swedish health care system plays a vital role in satisfying the citizens’ demands for 
quality health care services. To deliver the right services in time in a hospital, an efficient 
admission plan is required, but this can be difficult to achieve. The Department of Pulmonary 
Medicine at the University Hospital in Linköping needs a better admission plan for their 
patients. In the department, the patient demand does not match the capacity, which leads to 
overcrowding at the ward. The aim of this thesis is to improve the admission plan of patients 
for the ward at the Department of Pulmonary Medicine by using discrete event simulation. To 
fulfil the aim, a simulation study is performed to understand how the system is working, 
where the problems emerged and how to prevent overcrowding. Different experiments are 
performed to check what could improve the admission plan at the ward. The results from this 
study shows that an improvement of the admission plan could be reached by better 
cooperation between involved units, improved documentation at the Department, a queue 
system of patients based on medical priorities and changed number of care beds. These 
solutions can prevent overcrowding and deliver health care services in time.  
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1. Introduction 
Swedish health care facilities are an important factor in the society. The health care must be 
able to receive patients and treat them within a reasonable time. Swedish health care systems 
are often run by the county councils and citizens of Sweden have the right to health care 
services without any special health insurance. The demand of health care services varies and 
because of that the patient flow is difficult to estimate. Therefore, to be able to respond to the 
patient demand in time, an effective patient admission plan is required. At the University 
Hospital in Linköping, there is a ward at the Department of Pulmonary Medicine that is 
struggling to cope with high patient demand1. To match the patient demand with the capacity, 
the ward needs a better admission plan for their patients. This study is therefore performed to 
improve the admission plan for the ward at the Department of Pulmonary Medicine.   

1.1 Problem specification 
The ward at the Department of Pulmonary Medicine provides specialist care for pulmonary 
disorders (Region Östergötland, 2016a). The ward admits elective patients from the 
department’s examination rooms, emergency patients from emergency departments and 
sometimes patients from other overcrowded health care units. When the ward at the 
Department of Pulmonary Medicine is overcrowded, patients can be admitted to other health 
care units if there are any available resources for them.  

 

The ward aims to not occupy more than 18 care beds on weekdays and 10 care beds on 
weekends, while trying to meet the patient demand without overcrowding the ward. Even 
though there is a plan, the staff is not following it by admitting too many patients which leads 
to an overcrowded, or as it is also called over occupied, ward. The ward remains overcrowded 
most of the time, especially on weekends.2 Because of overcrowding there can be a perceived 
lack of resources at the ward and a need for more medical staff, which leads to increased 
costs. It is not only the perspective of costs and workload that needs to be considered, the 
main problem is the patient demand that needs to be met. Therefore, the Department of 
Pulmonary Medicine faces a dilemma of whether to admit more patients or not. 
Overcrowding seems to occur when the ward is fully occupied and emergency patients that 
need immediate care arrive to the department. The ward should therefore improve their 
admission plan to match the patient demand with the capacity, taking into consideration the 
emergency cases. 

  

                                                           
1 Hammarstedt Davidsson, V., business developer, Linköping University Hospital, personal communication, 
April 6, 2016 
2 Observations at the Department of Pulmonary Medicine, Linköping University Hospital, April 6, 2016 
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1.2 Aim of the thesis and research questions 
The aim of this thesis is to improve the admission plan of patients for the ward at the 
Department of Pulmonary Medicine by using discrete event simulation. 

 

The following two research questions will help to reach the aim of this study: 

 

● What are the difficulties in planning the admissions of patients to the ward? 

● How should the ward plan for admissions of patients to prevent overcrowding? 

 

1.3 Thesis outline 
Each section in this thesis are described below to help the reader to navigate in the report.  

  
Methodology 

This chapter describes relevant methods for a simulation study, which include conceptual 
modelling, a flow chart, data collection, verification and validation, experiments and analysis 
and the implementation and presentation of the results. 

  
Theoretical framework 

The theoretical framework describes theories and earlier studies about logistics, health care 
logistics, planning and management in health care, operations management, bed management 
and care bed occupancy. 

  
Organization description 

This chapter describes the organization of the Department of Pulmonary Medicine and 
provides information about the department, the ward and the coordinators that handle the 
admission of patients. 

 

Conceptual model 
In this chapter, the conceptual model is described, which includes a flow chart of the system, 
simplifications and assumptions, specifications in the simulation model, which inputs that are 
used in the model and which outputs will be given. 

  
Data collection and input data  
The collection of historical data and the input data of the model are described and analysed in 
this chapter. The data are about the number of elective and emergency patients, arrival 
patterns, length of stay, care bed occupancy and medical priority. 
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The simulation model 
This chapter gives an understanding of how the model is built and which functions the model 
is based on. The verification and validation are also described, to ensure that the model has 
been built properly and is behaving like the real system. 

 

Output data and experiments 
The output data of the model and the experiments are described in this chapter. The last part 
in this chapter is an analysis of the experiments.  

   
Discussion, conclusions, recommendations and future research 

This chapter includes a discussion of the results with consideration of earlier studies, 
conclusions based on the results and recommendations to the Department of Pulmonary 
Medicine. Future research can be done based on what can be improved in this study, which is 
described in this chapter.   
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2. Methodology 
How the simulation study is performed is described in this chapter, including a conceptual 
model, data collection, verification and validation, experiments, analysis and the 
implementation and presentation of the results. 

2.1 A simulation study 
A simulation study is performed in this thesis. Simulation can be referred to as “a broad 
collection of methods and applications to mimic the behaviour of a real system…” (Kelton, 
Sadowski & Swets, 2010 p.1) A simulation study can be used to recreate an existing or 
proposed system for understanding how the system works. Simulation studies can be applied 
to many different systems and can be performed in different kinds of software programs. 
While creating a simulation model it is important to consider how the model will be 
implemented and that the design of the model meets all the objectives. It is beneficial to know 
if different scenarios require a change of structure, input data or functions in the model. 
(Kelton et al., 2010) It is also important to have knowledge of how entities, which can be 
described as objects with an own existence, are flowing in the system. The entity flow shows 
where the entities arrive, how they pass through the system and where they are discharged. A 
simulation model provides a greater understanding of how the system is or how the system 
could be if any modifications were made in the data. (Robinson, 2008).  

 

This study is performed by creating a Discrete Event Simulation (DES) model that shows the 
current patient flow at the ward at the Department of Pulmonary Medicine. A DES model 
operates a system of discrete sequences of events in time. It is an event based system, hence 
every time an event occurs during a specific time in the model, it shows a change in the 
system. This type of method was used in this study due to the randomness of the patient 
demand and that simulation is a good method to use when creating and analysing different 
scenarios for reaching better results. A DES model can be applied to different systems, for 
example health care units and manufacturing. It has been used to improve the design and 
functions of systems but also as a method in different strategic decisions. (Brailsford et al., 
2014) What is included in this simulation study is a conceptual model, data collection, 
verification and validation of the model, experiments and an analysis of the experiments, 
which are described in following sections. 

2.2 Conceptual model 
A conceptual model is an important part of this simulation study with a purpose of being a 
basis for building the simulation model. It is a simplified model of a system which should be 
as uncomplicated as possible and give understanding and knowledge of how the real or 
proposed system works. A conceptual model is detailed and not software specific and can 
give a possibility to use and develop the model for further research. The model should be easy 
to understand and describe which inputs are used, which results are desirable to achieve and 
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the simplifications and assumptions of the model. (Robinsson, 2008) A part of the conceptual 
model in this study is a flow chart which is a simplified chart of the system that is studied. 
What characterizes a flow chart is described in following section. 

2.2.1 Flow chart   

Flow charts are used to show a process or a system by using different symbols. (Aronsson et 
al., 2013) In this study, a flow chart is created to give an understanding of the patient flow at 
the ward. Knowledge about the real system is required to create a reliable flow chart. A flow 
chart should include a current state of the organization, how it is structured, the units and the 
activities in the organization. Symbols can be used to visualize processes or activities. Figure 
1 shows some of the most common symbols that are used in flow charts. (Aronsson et al., 
2013) 

 
Figure 1: Common flow chart symbols (own source, inspired by Aronsson et al., 2013, p.177) 

Rectangles symbolize a process or activity in a system and diamonds stand for decision 
making. Triangles are symbols for stored materials in a system and the material flow is 
described with arrows. As mentioned before, there are many symbols, but these are the most 
common according to Aronsson et al. (2013). A flow chart is shown in Figure 2 as an example 
of what it could look like. 
 

 
Figure 2: Example of a flow chart (own source, inspired by Aronsson et al., 2013, p.178) 

2.3 Data collection 
To improve the admission plan at the ward, a model with reliable inputs is required. The data 
that are collected and used in this study are arrival times for patients, their planned and actual 
waiting times before being admitted to the ward, care bed occupancy at the ward and patients’ 
length of stay (LOS). The data are collected from the Department's records from year 2015. 
Some of the data require to be processed before it can be implemented into the simulation 
model, for example arrivals and LOS of different patient types.  
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In this study a stochastic model was created due to the randomness in the patient demand and 
their treatment time. Stochastic models include randomness, which lead to various behaviours 
that makes the model more realistic. Random values can also be used because of the 
difficulties of getting all the data that are needed for a complete model. A stochastic model 
gives a minor change in the result after every run and therefore should have many 
replications. (Kelton et al., 2010) 

 

In this study, probability distributions are incorporated with the processed data of LOS. A 
software that fits distributions to a given sample named Input Analyzer of Arena is used in 
this study. To fit the best distribution to the existing data the Fit All function is used, which 
can detect which distribution that fits the data best. There are two main types of probability 
distributions which are theoretical and empirical distributions. What distinguishes these two 
is that the theoretical distributions are based on a mathematical formulation of sample data. 
The empirical distributions divide the data into groups and calculate the number of times a 
value occurs. The two types of probability distributions are also divided into continuous and 
discrete distributions, where the continuous theoretical distributions are usually used for 
simulating time durations. (Kelton et al., 2010) The continuous theoretical distributions were 
used in this study.  

 

The Arena Input Analyzer provides three statistical measures for analysing which distribution 
that fits best. These measures are the mean square error, the chi-square test and the 
Kolmogorov-Smirnov goodness-of-fit test. The mean square error is the average of square 
errors in all cells in a histogram. The lower the square error is, the better the distribution fits 
the data. The chi-square test is a statistical hypothesis test, so is the Kolmogorov-Smirnov 
test. In these tests, the p-value is of specific interest. A low p-value, lesser than 0.05, indicates 
a poor fit of a distribution, but a higher p-value is not necessarily a proof of that the 
distribution has a good fit. However, higher p-value shows lack of evidence against the fit. 
(Kelton et al., 2010) 

2.4 Building a model with Arena Simulation Software 
The model in this study is built in Arena Simulation Software. The program makes it easier to 
compare outputs in the model with the reality and between different experiments. The model 
in this study is used to simulate the current situation at the ward and making different 
experiments for improvement of the patient admission plan.  

2.5 Verification and validation 
Verification is used in this thesis to prove that the model is created correctly and structured 
properly to make sure that there is no problem in the logic of the model. To verify is to check 
that the model is working as intended. Tests can be made to ensure that the input data and 
logic are correct, for example, by running a model with one entity through a system to see if 
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the system works correctly or by inserting various inputs and getting expected values. Other 
way is to make extreme conditions, by changing some inputs or functions to see how the 
results change or by animating the model to check how the entity flow and queues are 
behaving. (Kelton et al., 2010) In this study, a verification of the model is made by animation 
and observation of the entity flow to see how the model behaves and if queues occur as they 
do in the real system. Extreme conditions are used as a method in the model to verify and see 
what happens when fewer or more entities enter the system.   

 

Validation is used to make sure that the model behaves as the real system. Validation of a 
model is more difficult than verification. If a model is based on a real system, it makes it 
possible to validate the model by comparing the model’s output with the historical data. 
Problems with validation can arise even though the model is based on a real system, 
depending on if the historical data have been affected, which means that the data are not valid. 
(Kelton et al., 2010) To avoid invalid data, it should be taken into consideration that the 
organization may affect the research unintentionally, by behaving differently while knowing 
that a research is about to take place. That can be solved by letting the organization check the 
collected data and see if it is realistic and not affected. (Holme & Solvang, 1997) The 
validation of this study is done by ensuring that the data that are used in the model give the 
same results as in the documentation of the historical data. 

2.6 Experiments and analysis 
The experiments in this study are used to find solutions for improved admission planning at 
the ward. The purpose of the experiments in simulation is to explore different values of the 
variables in the model or to observe the changes made in the model (Sokolowski & Banks, 
2009). The experiments that are used in this study are based on assumptions of how to prevent 
overcrowding and decreasing the delays of elective patients, with consideration of the 
guidelines and goals.  

 

Nine experiments are made in this study, with focus on improving the bed occupancy at 
weekends and lowering the number of elective patients that need to wait longer than their 
maximum waiting times and the length of their delays. The first experiment analyses the 
decrease of the number of elective patients that need to wait longer than their planned 
maximum waiting times by basing the queue system on medical priority. The second 
experiment is created to see what happens with the patient flow if the queue system is based 
on medical priorities and that the elective patients can be admitted before their maximum 
waiting times run out. The third and fourth experiments are made to improve the bed 
occupancy at weekends by changing the time and day of stopping admitting elective patients. 
The fifth experiment is also done to improve the care bed occupancy, by increasing the 
capacity on weekends. The experiments that were giving good results and seemed relevant to 
use, are further combined and analysed as experiments 6-9 to find even better results for the 
admission of patients. 
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Regardless of which type of methods the analysis of the experiments is based on, they should 
be confirmed by reliable statistics. While ensuring that one option is better than another, there 
must be a guarantee that there is a significant difference between those two options. (Kelton et 
al., 2010) The output data of the experiments in this study are analysed with help of a paired t-
test that can compare the experiments with each other and with the original model, to find if 
there is a statistical significant difference between them. The comparison was made by 
measuring the difference in care bed occupancy, number of patients that got late treatments, 
the length of delays compared to medical priority and the total number of patients that got 
treated.  

2.7 Presentation and implementation of the results 
The results of a completed simulation study should be presented and implemented in the real 
system to achieve its purpose. The purpose of this study is to present the result to the 
concerned parties at the University Hospital in Linköping. The most important aspects in this 
study are to make sure that the study is based on relevant research questions and that those are 
answered as accurately as possible. Documentation of the model and analysis of the results 
during the study are important for the presentation of the results (Kelton et al., 2010). The 
results and analysis of the experiments in this study are presented as a decision support, to 
give an idea of how to improve the patient admission plan at the Department of Pulmonary 
Medicine.    
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3. Theoretical framework   
In this chapter the theoretical background of this thesis is described, including logistics, health 
care logistics, planning and management in health care, operations- and bed management and 
care bed occupancy. 

3.1 Logistics 
Logistics is about improving flows and processes in an organization for reaching greater 
efficiency. Logistics consists of different methods that can improve quality, efficiency or 
decrease costs for an organization (Jonsson & Mattsson, 2011). An often used definition of 
the term is that logistics is about getting “the right product or service in the right quantity, in 
the right condition, at the right place, at the right time to the right customer, for the right cost” 
(Lumsden, 2012, p.23). The different methods in logistics can be performed and measured in 
many ways depending on what an organization wants to streamline, by using efficiency 
variables. The variables can for instance include the effect on the environment, income, 
expenses or assets of an organization. Time and flexibility are additional variables which are 
usually used with other efficiency variables for showing more indirectly how effective an 
organization is (Jonsson & Mattsson, 2011). 

 

Organizations often include several departments that are responsible for different functions in 
the organization, for example a production department or distribution department. There are 
two types of organizations, depending on how the organization organises their departments. 
Those organization types are function-oriented or process-oriented. What distinguishes those 
types is the system of thinking, what functions organizations have and how the departments 
should cooperate with each other. (Aronsson et al., 2013) In a function-orientated 
organization every department works separately without any further cooperation, while in a 
process-orientated organization all departments cooperate and follow the organization’s goals 
and visions. A problem with the function-oriented organization is that all departments are 
focused on reducing their own costs, which does not necessarily lead to a decreased total cost 
for the organization. A decrease of the total cost is therefore more likely achieved in the 
process-oriented organizations because of its holistic approach where all departments are 
components of a whole system. Greater cooperation between all departments in an 
organization leads to easier achievement of efficiency. (Aronsson et al., 2013) 

3.1.1 Health care logistics 

Hospitals are organizations which are different from other common industries in the 
production sector. Instead of material flow and manufacturing, health care needs to satisfy 
patient demand and cannot take risks as they can affect patients’ health. Unlike 
manufacturing, Swedish hospitals are not driven by profits. Health care organizations has 
different types of stakeholders such as medical specialists and staff that have authority to 
control and affect the organization. The perspective of control and development in health care 
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is therefore different depending on the stakeholders’ interests in the organization. This creates 
problems in implementing logistical solutions because of the responsibility to provide good 
care. (Nutek, 2007; Beech & Vissers, 2005)  

 

Logistics related to health care are often referred as health care logistics. The definition of 
logistics can be applied to the health care and is described as “The right patient gets the right 
care of the right quality, at the right level, in the right place, at the right time, to the right cost” 
(Arvidsson, 2007 p.6). The different types of organizations, function- and process-oriented, 
can also be applied in perspective of health care. Health care has traditionally been associated 
with the function-oriented organizational structure where each department is focusing on the 
department’s vision instead of the whole organization. However, in recent years it has become 
increasingly common for health care organizations to try to be associated with a process-
oriented organization structure. Although health care is considered as an organization with 
great potential, the process of implementing more logistical methods has been slow. It seems 
to be a result of, among other things, both the traditional way of thinking and the lack of 
logistic expertise. It would require a new system of thinking to implement logistical solutions 
in health care, which can be a risky factor to consider in that type of organization. (Arvidsson, 
2007) 

3.2 Planning and management in health care 
Planning is about making decisions and set up goals in an organization for achieving 
effectiveness. It can for example be about having knowledge about how to use the 
organization’s capacity and resources in the best way (Andersson et al., 1999). Planning in 
health care is about, for example, scheduling elective patients, allocating resources as time, 
medical instruments and staff, the level of efficiency and service. (Beech & Vissers, 2005) It 
is difficult to plan patient admissions when the arrivals are random and emergencies occur. 
Those things can lead to uncertainty in the planning process (Boaden et al., 2003). Buckley et 
al. (2000) claim that though the lack of resources is mentioned often as a problem in care 
units, it cannot only be solved by increasing resources. The costs that come by adding 
resources are high and the problem can therefore be better solved by improving the flexibility 
and increasing the availability at the care units. Another difficulty that can occur in planning 
health care is delays. Delays occur frequently and in different contexts. For example, delays 
can occur when patients need care and there is lack of available capacity and resources. 
Problems with delays can appear because of poor logistics and lack of information or 
communication. (National Audit Office, 2000) A simulation study which is based on a real 
system is according to Jones et al. (1998) a good method for improved planning in health 
care. A simulation model can give information about relations between activities in health 
care units, which can result in knowledge of how to improve the planning. The activities can 
be for example the number of patients, patient flow and the occupancy. 
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Management is an often used term which is about coordination and control of different 
activities in an organization. Management is used to achieve the effectiveness that an 
organization is aiming for. (Nationalencyklopedin, 2016) An organization can have different 
types of management methods, depending on which is more suitable for the organization. 
Berlin and Kastberg (2011) claim that to find a proper management method for a health care 
organization requires an understanding of two aspects. The first aspect is about how much 
knowledge there is about the organization’s processes and the second aspect is if there is a 
relevant way to measure results of a change. Depending on the result in the two aspects, a 
decision can be made about which kind of management method that is best to use in the 
organization. (Berlin & Kastberg, 2011) In the following sections, management is explained 
in the context of operations management and bed management. 

3.2.1 Operations management 

Operations management is often described as an activity that converts inputs into outputs. 
Operations management in health care is about how to plan and control processes that provide 
patients with services as recovery, treatment and care. (Beech & Vissers, 2005) It can be 
divided in three parts: inputs, processes and outputs. Inputs can be patients’ visits in health 
care, but inputs can also include for example finances for patients’ treatments and necessary 
medication. Inputs transform into outputs in processes which require resources like 
medication, a hospital and treatment time. The more resources that are involved, the more 
complex the operations management becomes. (Beech & Vissers, 2005) The outputs can 
consist of patients’ health status which shows how successful the transformation was, client 
perception which measures patients’ satisfaction and the resource utilisation which measures 
the efficiency of a process. Since different processes can affect each other the outputs can 
vary, for example if the treatment time gets too long because of a late order of required 
medication. Organizations should therefore have knowledge of operations management to 
find a balance between different processes to attain benefits for the organization. (Beech & 
Vissers, 2005) Hays and McLaughlin (2000) suggest that a strong focus on operations 
management can improve clinical outcomes, reduce costs, increase efficiency and give better 
knowledge of the activities that affect a specific operation in health care. 

3.2.2 Bed management 

Bed management is about planning the allocation of care beds in health care. According to 
Boaden et al. (2003) bed management is about planning availability and using methods that 
make the unit more flexible by increasing the number of available care beds. Bachouch et al. 
(2012) describe bed management as an ability to plan with consideration of circumstances as 
variations in patients’ length of stay or the arrivals of emergency patients. Bachouch et al. 
(2012) discuss three ways to plan hospital beds. The first is a long-term planning that contains 
a plan for a month which includes patients at the hospital and their length of stay. The second 
way of planning is a weekly bed planning, which includes a bed occupancy schedule for the 
unit. The third way is a short-term plan for every day at the unit, which includes the number 
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of patients that will spend the night at the unit and the number of patients that can be admitted 
the next day. 
 

Kozlowski and Worthington (2015) present a method for lowering the lack of care beds. The 
method is a maximal waiting guarantee and is about giving patients treatment within a 
maximum waiting time and if that is not possible, patients will be offered treatment abroad or 
in private hospitals. A problem with the method according to Kozlowski and Worthington 
(2015) is that it is costly. The usage of appropriate methods in bed management can improve 
planning and the number of treated patients at a care unit. Some ways to improve care bed 
availability is listed below (National Audit Office, 2000). 

 

● Waiting rooms. Waiting rooms for patients who have been treated and waiting to be 
discharged from a ward. 

 

● Buffer of care beds. A measure to deal with a lack of care beds is to have a buffer of 
extra beds in case of overcrowding. 

 

● Procedures. Having clear procedures for admission, treatment and discharge of 
patients to shorten their visits. 

 

● Improve communication and information. Have a better communication and 
information flow by cooperation, weekly meetings, knowledge about the patient flow 
and modernized technology. 

3.3 Care bed occupancy 
Occupancy rate is a scale from 1 to 100 percent which shows how occupied something is: if it 
is 100 % it is fully occupied. Over occupancy can be explained as an occupancy rate that is 
higher than desired, for example an overcrowded ward. The occupancy rate can be used as a 
quality indication for comparing different health care units. One method for calculating the 
occupancy rate, adapted to a health care context, can be seen in Figure 3 (Conroy & Tierney, 
2013): 

 
Figure 3: Occupancy rate (recreated from Conroy & Tierney, 2013) 

Boucherie et al. (2008) explain that over occupancy can lead to cancelled surgeries, 
overcrowding and lack of resources. The occupancy rate can be improved with a good plan 
and decrease the issues that come with overcrowding. The plan should satisfy the patient 
demand, with consideration to sudden arrivals of emergency patients. Fernandez (2014) 
suggests that an analysis should be made of the occupancy rate and how it affects a ward. A 
study made by Fernandez (2014) shows that the occupancy rate can vary greatly and is often 
highest in the beginning of a week. Boucherie et al. (2008) suggest that for a better occupancy 
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rate, care units should cooperate with each other and have better communication to get 
knowledge about each other's workload. One way to cooperate among care units is by 
admitting patients from other units when they are becoming overcrowded. (Boucherie et al., 
2008) 
 

To be prepared for variation in the demand, it is important to have available care beds. This 
leads to a dilemma since empty care beds entails high costs. Liang et al. (2010) developed a 
model that creates a balance between service level and costs. The study showed that 
simulation and various “what if” scenarios could prove how many care beds that are needed to 
match the patient demand. Bailey et al. (2015) created another model, called StratBAM to use 
as a base for decision making for care bed capacity, which proved that a simulation model can 
give logistical solutions for improved occupancy at a ward. Another way is to allocate care 
beds into different categories. Beech and Vissers (2005) described that care beds can be 
divided and used by patients according to their length of stay. Care beds should therefore be 
separated into Day-care beds which are for shorter visits or for surgery, Short-stay beds which 
are for patients with an estimated length of stay (LOS) below five days and Regular beds for 
patients with an estimated LOS higher than five days. (Beech & Vissers, 2005) 
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4. System description 
The Department of Pulmonary Medicine and the ward are described in this chapter to give 
better understanding of the organization and the chapter is mainly based on own observations 
and an interview of coordinators at the ward. 

4.1 The Department of Pulmonary Medicine 
The Department of Pulmonary Medicine is a part of the centre for surgery, orthopaedics and 
oncology, a medical unit which is a part of Region Östergötland. Region Östergötland 
oversees the health care in the county of Östergötland in Sweden. There are about 90 
employees at the department, which offers examinations in examination rooms and treatment 
at a ward for patients with pulmonary diseases in Östergötland. (Region Östergötland, 2016a) 
The diseases that are treated are for example cystic fibrosis, lung cancer and COPD (Chronic 
Obstructive Pulmonary Disease). The aim is to reach more efficiency and quality and 
therefore, the department has a vision and strategic goals for improving it. The goals related to 
logistics are about improving their patient flow and balance in the workload. (Region 
Östergötland, 2016b) 

4.2 The ward 
Patients that are admitted to the ward are elective patients, emergency patients from the 
emergency department or in some cases patients from other care units, if there are available 
care beds for them. The ward at the department plan to occupy 18 care beds on weekdays and 
10 on weekends. The plan is to only admit emergency patients on weekends. There is an extra 
bed at the ward that can be used during weekdays when the patient demand is too high and an 
emergency patient needs care. Therefore, the maximal number of care beds is 19 overall, but 
the goal is to have 18 occupied care beds on weekdays. (Region Östergötland, 2016a)  

 

There are guidelines for the number of days that elective patients can wait before being 
admitted to the ward. These guidelines are that patients with pulmonary diseases can wait up 
to a maximum of 60 days and patients with lung cancer can wait up to 21 days (Region 
Östergötland, 2016b). It is the medical staff that are booking patients visits that decides which 
waiting time a patient gets, based on the patient’s condition after the examination. Medical 
staff at the ward have weekly board-meetings where they discuss how the previous week has 
been, considering the workload and the number of patients in different situations. The 
workload is measured daily by medical staff at the ward of how they experienced their 
workday. For an easy understanding of the workload, the staff use magnets in different 
colours. An example of how the workload has been during one randomly picked week can be 
seen in Table 1, where X stands for a hectic workday and O for a normal workday. Two 
magnets in the same box represent different opinions about the workload and when there are 
no magnets it is because there has been no opinion yet. The days are only divided into 
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mornings and afternoons for every unit, see Table 1 below. Lind, Björk and Rönn stands for 
different units at the ward.  
 
Table 1: Workload at the ward (recreated from the ward at the Department of Pulmonary Medicine, 2015 w.45) 

Unit Mon Tue Wed Thu Fri Sat Sun 

Lind am O X O X X O O O 

Lind pm O O X O O O O 

Björk am O X O O X O O O 

Björk pm  O  O O O O 

Rönn am X  O X O  O 

Rönn pm O  O X  O  O 

 
The board at the ward also displays the number of patients in different situations. That makes 
it easier to observe how the week has been going compared to the capacity planning, see 
Table 2. The first row Admitted emergency patients shows how many emergency patients 
there are at the ward. Admitted patients during a day shows how many patients that are 
admitted during a day and Patients at 9.00 am shows how many patients there are at the ward 
at 9 am. Patients at other care units shows the number of patients with pulmonary diseases 
that are treated at other care units. The goal is to not send patients to other care units and to 
have resources to treat all the patients in need at the Department of Pulmonary Medicine. The 
table shows that the ward was overcrowded at 9 am on Wednesday, Thursday, Saturday and 
Sunday compared to the plan of having 18 patients at the ward on weekdays and 10 on 
weekends. 
 

Table 2: Patients at the ward (recreated from the ward at the Department of Pulmonary Medicine, 2015 w. 45) 

Activity  Mon Tue Wed Thu Fri Sat Sun 

Admitted emergency patients 1 2 2 1 0 1 1 

Admitted patients during a day 4 1 2 2 2 0 0 

Patients at 9.00 am 14 18 19 20 18 19 16 

Patients at other care units 3 2 2 2 2 2 3 
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4.3 Admission planning at the ward 
Administration and admission planning of patients is handled by the coordinators, a position 
that is shared by four assistant nurses at the ward. Coordinators only work on weekdays 
because of the need of planning for elective patients. The coordinator's tasks are to register 
and discharge patients, to receive calls, call patients regarding their treatment and arrange 
transportation home. The coordinators are not in charge of booking patients to the ward, 
because it is the staff at the examination rooms at the department that books elective patients’ 
visits. The coordinators can only make sure that there are available care beds at the ward 
when patients arrive. The coordinators have meetings every weekday at 9 am with other 
medical staff to check how many patients that are at the ward, if any patients will be sent 
home soon and how many patients are planned to be admitted. These meetings make it easier 
to decide if new patients can be admitted to the ward, if patients that already are admitted 
must be sent home earlier or if they must rebook a patient’s visit. If they must rebook visits it 
affects mostly elective patients that are supposed to be admitted for examination of problems 
during night, for example sleep apnea. Some patients cannot be rebooked due to planned 
treatment, for example cancer patients. Most patients at the ward are elderly patients which 
often require more care and some of them take longer time to recover or have relapses. Those 
factors are difficult to estimate which is one of the reasons why the admission planning is 
challenging.3  
 

The ward gets overcrowded when new emergency patients that need immediate care arrive 
and there are no available resources for them. The dilemma that arises is the decision of 
whether to prioritise some patients with greater medical needs while rebooking another 
patient’s visit, sending patients to other care units or overcrowding the ward. The extra bed at 
the ward is always occupied and sometimes the ward can occupy the three beds that are in the 
examination rooms, which are used by the examination rooms during days. This explains why 
there are more than 19 patients at some days at the ward as shown earlier in Table 2. This 
leads to a higher workload for the medical staff at the ward.3 According to Region 
Östergötland (2016a), the desirable care bed occupancy at the ward should be near 90 %, to 
be able to handle patients if over occupancy occurs.  

 
  

                                                           
3 Bergdahl, C., Pettersson B. & Stagerbrandt, T., coordinators, the Department of Pulmonary Medicine, 
Linköping University Hospital, personal communication, April 6, 2016 
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5. Conceptual model 
This chapter introduces a conceptual model of this study to understand how the simulation 
model should be created. The following section contains simplifications and assumptions of 
the model, a flow chart of the system, structure of the model and which inputs and outputs to 
use in the model. The different experiments that will be made in the model are also described 
in this chapter.  

5.1 Simplifications and assumptions 
Some relevant simplifications and assumptions have been made in the model, which are 
described below.  

 

● Data for different diseases are not analysed. The focus in this thesis is to analyse and 
simulate the flow of elective and emergency patients to see the difference between 
patient groups. Specific diseases are therefore excluded. 

 

● Patients from other care units are not defined in the model as an own patient group, 
because those patients are included in the historical data of admitted emergency and 
elective patients.  

 

● Revisits occur in the real system, but in the model the patients are not bound to 
specific identities and therefore revisits are not noticed in the model. Patients that 
enter the system are therefore always new, though in the reality it could be the same 
patient that revisits the ward.    

 

● Unique cases as death or patients being transferred are not defined in the model 
because it will not help to solve the task of this thesis.  

 

● The only resources that are shown in the model are care beds, since the main focus of 
this thesis is about planning care beds.  

5.2 A flow chart of the system 
A good way for understanding and documenting a structure of an organization is by making a 
flow chart of the system. The system of the admission of patients at the ward is described in a 
flow chart in Figure 4. The flow chart is used as a base for developing the model. In this flow 
chart there are two entrances, the examination rooms that pertains to the Department of 
Pulmonary Medicine and the emergency department. Patients are elective if they are from the 
examination rooms and emergency patients if they are from the emergency department. 
Patients from other care units are, as mentioned, included in the data of elective and 
emergency patients and therefore not defined in the flow chart. Those patients are treated as 
regular elective patients in the ward. When there are available care beds at the ward, patients 
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can occupy those and if not, queues will appear and patients get admitted at the ward as soon 
as possible. Emergency patients have the highest priority to enter the ward, but short waiting 
times can occur when the ward is occupied. In those cases, the emergency patients are 
supposed to be treated at the emergency department until being admitted at the ward. When 
patients have been treated at the ward, they get discharged. 
 

 
Figure 4: A flow chart of the system 

 

 
Figure 5: Definition of the flow charts symbols 

5.3 Specifications in the simulation model 
To make the model more adaptable for different software programs, some words are used to 
suit the model structure. Patients are referred as elective or emergency entities, the ward as a 
process and the care beds as resources. The model consists of three main elements: entities 
arrive to the system, are processed and discharged from the system. There are two entrances 
in the model which are the examination rooms and emergency department and the entities are 
recognized as elective or emergency patients based on where they enter from. Entities enter 
the system based on the arrival times from the historical data, which is dissimilar between 
elective and emergency patients. Elective entities cannot enter the process if it is weekend 
(Saturday, Sunday and after 12 pm on Friday). Emergency entities can enter the process 
during the whole week, while elective entities must wait until next weekday. 
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After deciding if it is weekend or weekday, the model checks if there are available resources 
in the process. The process includes 19 resources, all with one capacity. There are 18 
resources which all are used on weekdays and 10 of them on weekends and one extra resource 
which can be used in emergency cases. The resources have a status of either idle or occupied 
and if all resources are occupied, entities cannot enter the process. Emergency entities have 
the highest priority for admitting the process. The goal is to not have a queue of emergency 
entities but if it occurs, the queue system is First in first out (FIFO). In the process, entities 
stay for different times based on distributions of Length of stay (LOS) from the historical data. 
Entities discharge from the system after being processed.   

5.4 Input data 
The inputs in the model consists of historical data from 2015, documented at the Department 
of Pulmonary Medicine. The data that are used in the model are:    

 

● Total number of elective and emergency patients  

● Arrival pattern of elective and emergency patients to the ward   

● LOS for elective and emergency patients 

● Medical priority for elective patients 

 

Historical data of the total number of elective and emergency patients treated at the ward are 
used in the model as the total number of arriving patients. The data of arrival times are 
analysed and used in the model to simulate the arrival pattern for elective and emergency 
patients. Data of LOS are analysed to simulate the time it takes for patients to get treated. The 
data of medical priority are used, in some of the experiments, as time that patients need to 
wait before they can enter the ward.  

5.5 Output data 
The purpose of the outputs from the model is to identify improvements in the system. The 
outputs are: 
 

● Total number of patients treated 

● Number of admitted elective and emergency patients 

● Average LOS for elective and emergency patients 

● Care bed occupancy 

● Number of elective patients that got treated after their maximum waiting time ran out 

● Time that elective patients need to wait after their maximum waiting time run out 
(longer waiting time) 

 

The outputs show the number of treated patients, the number of occupied care beds, the 
average LOS, the number of elective patients treated after their waiting times ran out and how 
much longer they need to wait until they get treatment. Delays will be measured, compared to 
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medical priority, to find a result that gives both a good occupancy rate but also as few delays 
as possible. The output from different scenarios will help to conclude how the admission of 
patients can be improved at the ward.  
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6. Data collection and input data  
To develop a simulation model, documented data from the Department of Pulmonary 
Medicine from year 2015 have been collected and processed. The data contained information 
of 991 patients from the ward and included a lot of information that was not necessary to use 
in this study, therefore, the data were filtered in Excel to determine only the relevant parts. 
The data that were used are the number of treated patients at the ward, dates and times of 
patient admissions, LOS, the number of emergency and elective patients and documented 
medical priority for elective patients. This chapter will further explain the data that were used 
in the model.  

6.1 Elective and emergency patients 
It was important to collect data of the number of admitted patients but also to separate those in 
elective and emergency patients to distinguish different patient groups in the model. It was 
necessary to do for prevention of emergency patients queuing and to give them precedence 
into the ward. 
 

All patients at the ward were documented as “elective” or “emergency”. Some patients were 
incorrectly documented because they were documented both as ”elective” and ”emergency” 
or neither. Therefore, a percentage calculation of the number of documented patients as 
“elective” or “emergency” was made. This calculation was applied to the total number of 
patients. Table 3 shows the division of documented patients in different categories. 

 

Total number of patients 991 

Documented as "elective" patients 548 

Documented as "emergency" patients 318 

Documented as "not emergency" and "not elective" patients 117 

Documented as "emergency" and "elective" 8 

Table 3: Number of documented patient groups (processed data from documentation at the Department of Pulmonary 

Medicine, 2015) 

As seen in Table 3 there are 117 + 8 patients that were incorrectly documented. Those 
patients are ignored in the calculation. The total number of patients was 991 and 866 of those 
patients were documented as “elective” or “emergency”. A calculation of the number of 
elective and emergency patients were therefore made from the 866 correctly documented 
patients. Table 4 shows the percentage of elective and emergency patients. 
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Table 4: Percentage of elective and emergency patients (processed data from documentation at the Department of 

Pulmonary Medicine, 2015) 

 Documented as 
"elective" or 
"emergency" 

Documented as 
"elective" 
patients 

Documented as 
"emergency" 
patients 

Number of correctly 
documented patients 

866 548 318 

Total number of 
correctly documented 
patients, % 

100.0 63.3 36.7 

 

Table 4 shows that of 866 correctly documented patients, 63 % are elective and 37 % are 
emergency patients. Therefore, 63.3 % and 36.7 % are estimated to be the percentage 
allocation of the total number of 991 patients, which is 627 elective and 364 emergency 
patients. This data is estimated to give an understanding of the difference in the number of 
elective and emergency patients in a year and to use as a base for patient patterns, which is 
analysed in the section below. 

6.2 Patterns of patient admissions  
The patient patterns are analysed to find when and how often patients are admitted to the ward 
and the difference in elective and emergency patient patterns. Patient patterns are analysed by 
month and by week to give an understanding of the patterns and what distinguish those two. 

6.2.1 Elective patient pattern 

Elective patients are, as mentioned, patients that are planned to be admitted to the ward at a 
certain date. While analysing the elective patient pattern it is important to know that these 
patients do not have the same random arrivals as emergency patients, because elective patient 
arrivals are planned.  

 

During 2015, the lowest number of admitted elective patients was in December and the 
highest was in March, as can be seen in Figure 5. There is no good explanation of why there 
are more patients in March than in other months, it could be a coincidence or because of 
winter vacations in February. The low number in December can be explained by the 
Christmas vacation and that the ward plans to admit fewer patients before the vacation. 
Otherwise, the number of patients does not seem to be that much affected by staff’s summer 
vacation at the department because there is no big decrease in July- August except from a 
slight decrease in July. Patients were also divided to patients/day of week to find the 
difference in the admission during different days of week. As can be seen in Figure 6 the 
number of admitted patients was the highest at Mondays and the lowest at Saturdays. It was 
unexpected that elective patients were admitted at all on weekends because the ward is 
planning to only admit elective patients on weekdays. The reason for the admission of elective 
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patients on weekends could be because of the lack of available care beds on weekdays and 
that patients need care sooner than the next week. 
 

 
Figure 6: Elective patients/Month (processed data from documentation at the Department of Pulmonary Medicine, 2015) 

 
Figure 7: Elective patients/Day of week (processed data from documentation at the Department of Pulmonary Medicine, 

2015) 

It was necessary to process the data and find a distribution to implement in the model. The 
historical data of elective patients’ arrivals was processed to the average number of elective 
patients per day of week. The distribution in the model is based on these average numbers of 
admissions but with a randomness, since elective patient admissions cannot be completely 
predetermined. As can be seen in Table 5, the average was about 4 admitted elective patients 
on Mondays, about 3 on Tuesdays, 2 on Wednesdays and Thursdays, one on Fridays, almost 
zero on Saturdays and one almost every third Sunday. The most common time of the day for 
elective patients to get admitted is between 11-12 pm.  
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Table 5: Average number of elective patients/Day of week 

Day of 
week 

Number of 
elective patients, 
average 

Monday 4.38 

Tuesday 2.66 

Wednesday 2.29 

Thursday 1.91 

Friday 0.51 

Saturday 0.04 

Sunday 0.26 

 

6.2.2 Emergency patient pattern 

Emergency patients are, as mentioned, patients from emergency departments and need to be 
admitted at the ward immediately. Historical data of emergency patient admissions patterns 
were analysed by month and week and can be seen in Figure 7 and 8. A weekly analysis of 
emergency patient pattern can give a better understanding of how elective patients should be 
planned, which could prevent over occupancy at the ward.  

 

As shown in Figure 7, the number of admitted emergency patients per month was the highest 
in January and the lowest in July. As can be seen in Figure 8, most emergency patients were 
admitted at the beginning of a week with a slight decrease during the week. The highest 
number of emergency patients are on Mondays and the lowest on Saturdays. The reason for a 
higher number of emergency patients on weekdays is unclear. There are some comparisons 
between the emergency and elective patient patterns. The number of admitted emergency 
patients during different days of week is similar to the admission of admitted elective patients, 
which is shown in Figure 6 and 8, where there is about the same curve for elective and 
emergency patients, but with different numbers of patients. 
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Figure 8: Emergency patients/Month (processed data from documentation at the Department of Pulmonary Medicine, 2015) 

 
Figure 9: Emergency patients/Day of week (processed data from documentation at the Department of Pulmonary Medicine, 

2015) 

Emergency patients are, as mentioned not planned to be admitted to the ward, but the ward 
need to prepare for the demand for care from emergency patients. As seen in Figure 8, there 
have been variation in emergency patients’ arrivals. Even though emergency patients are 
expected as random, they follow a certain pattern where there is shown to be more emergency 
patients admitted on Mondays and fewer on weekends, with the lowest number of admissions 
on Saturdays. Because of this, even emergency patients were simulated in the model with 
consideration of their arrival pattern. The data of emergency patient admissions was therefore 
also processed to the average number of emergency patients per day of week, which can be 
seen in Table 6. This was, as for elective patients, also used in the model for when emergency 
patients arrive to the system, but also with a randomness in the distribution, since they cannot 
be completely predicted. The most common time for emergency patients to get admitted to the 
ward varies a lot, but an average is about 1 pm.  
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Table 6: Average number of emergency patients/Day of week 

Day of 
week 

Number of 
emergency 
patients, average 

Monday 1.96 

Tuesday 1.39 

Wednesday 1.08 

Thursday 1.12 

Friday 0.64 

Saturday 0.29 

Sunday 0.53 

6.3 Care bed occupancy 
Data of the care bed occupancy at the ward, documented for a couple of weeks during year 
2015, are used in this study to improve the occupancy rate. The weeks that were documented 
at the department are week 41-52. The data are used as a basis to see how the occupancy rate 
differs during the week and, in that way, change the number of available care beds in the 
model to reach a more desirable occupancy rate. The data are not collected for a whole year 
and may therefore have an occupancy that is affected by the time of the year, for example, 
sometimes there is a lower number of admitted patients in December. Nevertheless, the data 
can still give an overview of the care bed occupancy at the ward. The average of care bed 
occupancy per week at the ward can be seen in Table 7.  

 

Table 7: Care bed occupancy during week 41-52 

Day of 
week 

Care bed 
occupancy 
(week 41-52), 
average 

Monday 13.5 

Tuesday 17.7 

Wednesday 18.1 

Thursday 17.7 

Friday 17.3 

Saturday 14.4 

Sunday 13.3 

 

As can be seen in Table 7, the average number of occupied care beds is much lower than 18 at 
Mondays and too high on weekends.  
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6.4 Length of stay (LOS) 
The time for patients’ treatment, length of stay (LOS) at the ward was used in the model to 
simulate different times of LOS for different patients. Table 8 shows the number of patient 
with different LOS based on the historical data. 

 

Table 8: LOS (processed data from documentation at the Department of Pulmonary Medicine, 2015) 

 
Number of 
Patients 

Percentage 
of total, % 

Total documented 991 100.0 

Treated 1-2 days 280 28.3  

Treated 3-7 days 427 43.1  

Treated 1-2 weeks 185 18.7  

Treated 2-3 weeks 60 6.05  

Treated 3-4 weeks 39 3.94  

Treated longer than 1 month 0 0.00  

 

As shown in Table 8, no patients were registered with a LOS over 1 month. 28.3 % of all 
patients LOS were 1-2 days, 43.1 % in 3-7 days, 18.7 % were 1-2 weeks and 6.05 % were 2-3 
weeks and 3.94 % were 3-4 weeks. No patients were treated longer than one month. This data 
indicates that most patient’s LOS are within the range of 3-7 days. However, this is a broad 
division, only to show what is common in LOS, for further understanding of the model. The 
data of LOS was divided into elective and emergency patients to find the difference in 
average of LOS between the two patient groups. This is shown in Table 9. 

 

Table 9: Average LOS in days/Patient type 

Patient type 
LOS in days, 
average 

Elective patients 4.51 

Emergency patients 7.06 

Both elective and 
emergency patients 

5.82 

 
As shown in Table 9 elective patients had a shorter LOS than what emergency patients had. 
This difference in LOS can be predictable because emergency patients can have more need of 
care than elective patients have due to the acute conditions. The data of patients LOS was 
used in Arena Input Analyzer to get a probability distribution for each type of patients. When 
using probability distributions, it may be good to start with using the Fit All function in Input 
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Analyzer. The function compares result from different distributions and shows the distribution 
with the lowest square error. The chosen distributions was Lognormal (LOGN) for elective 
patients and Gamma (GAMM) for emergency patients. The chosen distributions are shown in 
Table 10. For elective patients, the p-value was lower than 0.01 from a Kolmogorov-Smirnov 
test and for emergency patients it was greater than 0.15. As mentioned earlier a high p-value 
indicates a better fit of the distribution and a p-value < 0.05 is a low value, which often 
indicates that the distribution is not a good fit. 

 

Table 10: LOS distribution 

Patient type 
Sample 
size Distribution choice 

Kolmogorov-
Smirnov value 

Elective patients 548 LOGN(4.43, 5.74) < 0.01 

Emergency patients 318 -0.001 + GAMM(5.58, 1.27) > 0.15 

 
Graphical intervals of chosen distributions can be seen in Figure 10 and 11. The graphs 
illustrate the distribution of elective and emergency patients LOS.  
 

 

Figure 10: LOS distribution interval, elective patients (Lognormal) 

 

Figure 11: LOS distribution interval, emergency patients (Gamma)  

 
When analysing potential distributions of the data of elective patients LOS, none of the 
following distributions after Lognormal had a better p-value and therefore the choice of 
distribution was based on the square error. In Table 11 it is shown that Lognormal was the 
best fitted distribution because it had the lowest square error value which indicates the best fit. 
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Table 11: Fit All summary 

Function Sq Error 

Lognormal 0.0117 

Exponential 0.0119 

Erlang 0.0119 

Gamma 0.0164 

Beta 0.0185 

Weibull 0.0197 

Normal 0.0888 

Triangular 0.1000 

Uniform 0.1370 

 

6.5 Medical priority 
According to the previously specified guidelines, elective patients can wait up to a maximum 
of 60 days before treatment, or 21 days for patients with the diagnosis of cancer. In addition to 
these guidelines, patients can also get other days of maximum waiting times, depending on 
the patient’s condition, which is referred as “medical priority”. The data of medical priority 
are documented data from the examination rooms, since it is data on maximum waiting times 
before treatment at the ward. Documented patients with medical priority from 2015 has been 
given a medical priority anywhere between 7 to 90 days. Patients with documented medical 
priority was 281 from the total of 503 documented elective patients 2015, exclusive 2 patients 
that were incorrectly documented. It was important to apply a medical priority to all elective 
patients in the model to make sure that they got treatment before their maximum waiting time 
ran out. To apply medical priority to all elective patients in the model, a calculation was made 
to get the percentage of the number of patients with medical priorities. In Table 12 is a 
summary of the number of patients and the percentage of patients with assigned medical 
priority. 
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Table 12: Elective patieﾐts’ docuﾏeﾐted ﾏedical priority (processed data from documentation at the Department of 

Pulmonary Medicine, 2015) 

Maximum 
waiting time 

Number 
of patients 

Total number 
of patients, % 

Empty 222 44.1 

7 days 135 26.8 

2 weeks 58 11.6 

3 weeks 9 1.8 

1 month 50 9.9 

2 months 28 5.6 

3 months 1 0.2 

Total number 
of patients with documented 
medical priority 

281 55.9 

Total number 
of documented patients 

503 100.0 

 

The percentage data of medical priority was used in the model, where all elective patients 
were given a medical priority from the probability. The chance of getting 7 days of maximum 
waiting time are 26.8 %, 2 weeks are 11.6 % chance, 3 weeks are 1.8 % chance, 1 month are 
9.9 % chance, 2 months are 5.6 % chance and 3 months are 0.2 %. The percentage of 
documented patients as empty was 222 which give the chance of 44.1 % to not have any 
medical priority at all. As seen in Table 12 one patient was assigned a priority of 3 months, 
which is more than the guidelines suggest. This medical priority is disregarded in the model, 
since the guideline of a maximum waiting time up to 60 days are used. The patient assigned 
with 90 days of medical priority or no medical priority at all were therefore assigned the 
priority of 60 days instead. 

6.6 Actual waiting times  
The actual waiting times that elective patients wait before they are being admitted to the ward 
differs from the planned maximum waiting times. The actual waiting times in year 2015 can 
be seen in Table 13. This data was compared with the medical priorities to show the 
differences between the planned and the actual waiting times and the maximum delay per 
month. 
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Table 13: Differences between planned and actual waiting times (processed data from documentation at the Department of 

Pulmonary Medicine, 2015) 

Month 
Patients with 
medical priority 

Number of 
delays  

Number 
of delays, % 

Maximum 
delay, days 

January 10 7 70.0  76 

February 20 10 50.0  60 

March 24 19 79.2  98 

April  21 14 66.7  77 

May 24 21 87.5  88 

June 28 22 78.6  76 

July 21 14 66.7  105 

August 13 11 84.6  120 

September 39 34 87.2  86 

October  34 28 82.4  96 

November 41 36 87.8  34 

December 6 6 100.0 8 

 

As seen in Table 13, many elective patients had been waiting longer than 60 days. The 
number of patients that had been waiting longer than they should was 223, which means that 
only 58 of 281 documented patients with medical priority had been waiting as long as 
planned. The highest waiting time was 120 days more than planned. Even though there are so 
many long delays, the average of waiting time is only 37 days, which depends on the too early 
admissions of some patients. 
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7. The simulation model   
The model, which further in this report is referred to as the original model, is described in 
detail to give an understanding of how it is built and which functions the model is based on. 
The verification and validation of the original model are also described in this chapter, to 
ensure that the model has been built properly and is behaving like the real system. 

7.1 Model description   
The structure of the model begins with two entrances, one for elective patients and one for 
emergency patients. The elective patients’ arrivals are based on a schedule of how often and 
when patients arrive to the system, based on the data collection of patients’ admissions. 
Emergency patients’ arrivals are also based on the data collection of patients’ arrivals from 
the department, which are implemented in the model based on probabilities of the chance that 
an emergency patient will arrive on Monday, Tuesday, Wednesday etc. As seen in the data 
collection of emergency patients’ arrivals, there is an average of 1.96 emergency 
patients/Monday, 1.39 emergency patients/Tuesday etc. and therefore, there is 98 % chance 
that there are two emergency patient arrivals on Mondays in the model. 69 % chance on 
Tuesdays and so on.  

 

When elective patients arrive to the system, they get assigned attributes. The first attribute 
was about assigning the patients with the current simulation time of the model. The second 
attribute was based on the documented historical data of maximum waiting times (medical 
priority), which showed that 26.8 % of all patients got 7 days of maximum waiting time, 11.5 
% got 2 weeks, 1.8 % got 3 weeks, 9.9 % got one month and 5.6 % got two months. One 
patient was given a medical priority of 3 months based on the historical data, but since the 
guidelines are a maximum of 60 days, this was summarized together with patients that were 
given two months of waiting time and with those that did not have a medical priority at all. 
All those patients were therefore given a maximum waiting time of 60 days, which were 
nearly 50 % of all patients.  

 

The third attribute was about deciding how long LOS that should be given for each elective 
patient, which is given by the distribution of LOS (LOGN(4.43, 5.76)), based on the historical 
data. After the assignment of attributes, the elective patients wait in the system until they have 
a permission to move forward into the ward. Allowance to enter the ward depends on 
different conditions that need to be fulfilled in the model. The first condition is that at least 
one of the 18 care beds must be available and the extra care bed is not available for the 
elective patients. The second condition is that the current simulation day must be Monday, 
Tuesday, Wednesday, Thursday or before 12 pm on Friday. The third condition is that there 
are no emergency patients in queue waiting to enter the ward. When these three conditions are 
fulfilled, elective patients can enter the ward.   
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Emergency patients enter the department through a different entrance to get other attributes, 
suitable for emergency patients. The first attribute was about assigning that emergency 
patients to the current simulation time of the model, as for the elective patients. The second is 
similar to elective patients’ attribute of medical priority, but for emergency patients the 
priority is based on zero days of waiting time and therefore all emergency patients have 
highest priority to enter the ward. The third attribute is, as for the elective patients, to assign 
emergency patients different LOS based on the historical data, which is given by the 
distribution -0.001+GAMM(5.58, 1.27). Emergency patients are not being held for the three 
conditions as the elective patients are in the model, they have the highest priority and can get 
admitted to the ward on weekends as well. The only condition that must be fulfilled is the 
availability of a care bed in the ward. If there are no available regular care beds, emergency 
patients can be admitted to the extra care bed. If the extra care bed is occupied, emergency 
patients wait in a queue until any of the 19 care beds are available and then enter the ward. 
Emergency and elective patients discharge from the system as soon as their LOS has run out.  

The simulation run starts at the first Monday in January, year 2017 at 12 am. The 
specification of the day and time is important, since the schedule of elective patients’ arrivals 
in the model is based on a specific day and time of the week. The model was run with 100 
replications with a warm up period of 7 days. The warm up period was decided to 7 days, 
because observations of the model showed that the occupancy of the care beds were as desired 
after 7 simulation days. 

7.2 Verification and validation  
To make sure that the model is created properly, the model has been verified. Animation of 
the patient flow was made while the model was developed and has been of great benefit for 
the verification of the model. The animation includes patients’ arrivals, the patient flow 
through the system, queues, care bed occupancy and when patients are discharged from the 
system. The time that patients spend in every part of the simulation model while running, is 
important. If a patient takes an unusually short or long time at some point, it can be explained 
by an incorrect usage of input data or poorly structured functions. To check if the model was 
behaving as the real system, the patient flow was observed during the simulation run. Patients 
were animated with different colours to distinguish between elective and emergency patients. 
It was useful to follow different patients through the system and analyse the flow to check if 
they behaved as expected. The extra care bed at the ward was animated differently compared 
to the regular care beds in the model, to observe if the bed was used only when all the regular 
care beds were occupied. The observation showed that the extra care bed was only used by 
emergency patients and only when there were no regular care beds available. This ensured 
that the care beds were used as in the real system.  

 

Inserting extreme conditions into the model was one of the verification methods in this study. 
One of the conditions was about running the model with only one patient of each patient 
groups, to check if the model worked properly. The patients flowed through the system 
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without any unexpected behaviour, they were admitted to the ward based on the approving of 
entering it, were treated and then disposed from the system. A disadvantage with this type of 
verification is that it does not show if the queues work correctly, since there is only one 
patient that flows through the system. Therefore, this method was more of an addition to the 
other verification methods, to check that the patients went through the system as they should 
and that the patients’ treatment time seemed within the limits of what a reasonable treatment 
time should be. 
 

Another extreme condition was made to check if queues and functions in the model worked as 
expected, by changing the input data. The change was about increasing the treatment time for 
elective patients. The distribution of the treatment was changed to LOGN(14.43, 15.76) 
instead of LOGN(4.43, 5.76), which is almost a three times longer treatment time than before. 
While running the model with the extreme values, the change could already be seen in the 
animation, because the number of elective patients waiting in queue increased, as expected. 
The output data of the model’s values and the model with extreme condition of changed 
treatment time was compared, which can be seen in Table 14.  

 

Table 14: Comparison between the model and the extreme condition 

Type of output data Model Extreme condition 

Number of treated patients, average 983.0 655.0 

Queue time for elective patients, days 0.72 93.1 

Queue time for emergency patients, days 0.39 1.20 

Number of elective patients in queue, 
average 

1.26 164.1 

Number of emergency patients in queue, 
average 

0.19 1.50 

 
The number of treated and discharged patients are much lower for the model with the extreme 
condition and the queue time increased extremely for elective patients, but also slightly for 
emergency patients, which is understandable because of the decreased availability of the care 
beds at the ward. These results were expected, but what was interesting to check was how the 
queues occurred. Queues occurred as expected, when the regular care beds were fully 
occupied, the elective patients waited in queue for the treatment while emergency patients 
could use the extra care bed and be prioritised over elective patients in queue if all the care 
beds were occupied. Emergency patients had always highest priority and there was no 
unexpected behaviour in queues or in the rest of the model.  

 

The model has also been compared with the flow chart which was created to depict the 
relevant part of the department. The model was created to be like the flow chart and therefore, 
the model and the flow chart could be compared to each other and their similarity be analysed, 



35 

 

to make sure that the model was created correctly. Since the flow chart was created to mimic 
the system, in a simplified figure, it helped to create proper functions in the model, without 
irrelevant details. In Arena Software, there is a function that stops the simulation every time a 
logical problem occurs, which is also a way to know that the model is built properly. When no 
problems occur, the simulation model keeps running, and in that way, it ensures that the 
model is working. 
 

Validation of this model has been made to ensure that the model was behaving like the real 
system of the ward. To do so, the historical data from the department were analysed and 
compared to the outputs from the model. The advantages of using historical data instead of 
data from observations in the model, is that historical data are not affected in a way that data 
from an observation could be. For instance, staff could behave differently because of the 
awareness of that an observation is being made. The historical data were selected for a whole 
year, which makes the small changes at the department not that critical as they could be, if the 
data were selected for a half year or less. 

 

When comparing the historical data with the model’s output, it ensures that the model mimics 
the system. Similarity to the real system was not always possible to reach in the model, partly 
because of the difficulty in estimating and simulating human behaviour that affects the patient 
flow, but mostly because of the lack of data. The outputs from the model were affected by the 
missing data of the number of patients that waited to get an appointment at the department. 
Therefore, the average of waiting times and the number of patients waiting were different in 
the model compared to the reality. The number of care beds in the model was limited to 18 
regular and one extra care bed on weekdays, like the ward planned for. The ward sometime 
uses more care beds than planned and therefore, it gets overcrowded. Overcrowding is not 
possible in the model because of the limit of care beds and therefore, the occupancy rate in the 
model was not completely similar to the historical data. However, the model could still be 
used to fulfil its purpose of finding a way to improve the admission plan for the ward. The 
number of patients treated at the ward was relevant to compare between the model and the 
historical data. The model gave a result of 983 treated patients which is lesser than the 
historical data of 991 patients. The average of treated patients from the historical data and the 
average from the model’s output can be seen in Table 15.  
 
Table 15: Average of adﾏitted patieﾐts, historical data aﾐd the ﾏodel’s output 

Patient type 

Admitted 
patients from 
historical data 

Admitted patients 
from historical 
data, % 

Admitted patients 
from the model’s 
output, average 

Admitted patients 
from the model’s 
output, % 

Elective patients  627.0 63.3 626.0 63.6 

Emergency patients 364.0 36.7 358.0 36.4 
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The percentage of patients from the historical data was 63.3 % elective and 36.7 % emergency 
patients. Comparing this percentage number with the model’s output it was shown to be 
similar, which makes the output from the model reliable. The difference depends on that the 
model admits less elective patients than in reality, since the capacity is limited in the model. 
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8. Output data and experiments  
This section describes the results from the original model, the experiments that were 
performed and the analysis of the results.  

8.1 Results from the original model   
The results from the original model are described in this section. The model was limited to 18 
regular care beds and one extra care bed. The outputs from the model can be seen in Table 16.  

  
Table 16: Outputs from the original model 

Average of all treated patients  983 

Average of elective patients treated 
626 

Average of emergency patients treated 
358 

Average LOS for elective patients 4.35 

Average LOS for emergency patients 7.02 

Average number of elective patients being 
delayed 

2.26 

Average of elective patients’ delays, days 0.62 

Average of elective patients waiting 
times, before treatment, days 

0.72 

Average of emergency patients waiting 
times, before treatment, days 

0.39 

 

The occupancy rate/day of week is shown in Table 17. As can be seen, the occupancy rate is 
lowest on Mondays, and it is over occupancy at Saturdays and Sundays.  
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Table 17: The original model, bed occupancy rate 

Day of 
week 

Bed occupancy 
rate original 
model, average % 

Monday 71.5 

Tuesday 89.6 

Wednesday 89.4 

Thursday 89.6 

Friday 86.6 

Saturday 136.0 

Sunday 116.0 

 8.2 Experiments of the model 
The experiments that were performed in this study are described in this section and all the 
experiments have been run for 100 replications. The output data that have been analysed in 
following experiments are the average number of elective patients waiting longer than their 
maximum waiting times, their delays and the care bed occupancy on weekends. The 
experiments were analysed and compared with paired t-tests and a confidence interval of 95 
% to check if there were statistically significant differences between the experiments and the 
original model. “Yes” and “No” stands for that there is significant difference, respectively that 
there is not. 

8.2.1 Experiment 1 

The first experiment in this study was made to answer the following question: Is there a 
decrease of elective patients waiting longer than their maximum waiting times if the queue 
system is based on that elective patients with lowest maximum waiting times left have the 
highest priority to enter the ward? 

  

The purpose of this experiment was to improve the admission plan by using a maximum 
waiting time system. This system was applied to the queue of elective patients, where a 
change in the queue type was made. Instead of FIFO, the queue system was based on that 
patients with shorter waiting times had higher priority. In that way, elective patients were 
admitted to the ward depending on their medical priority. Therefore, the system ensured that 
patients with the shortest waiting time left got admitted to the ward first. The experiment was 
made by analysing elective patients delays and how many elective patients that needed to wait 
longer, before entering the ward. The values in the experiment were compared to the original 
model to check if there were significant differences. The results of the experiment can be seen 
in Table 18 and 19.  
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Table 18: Experiment 1 - elective patieﾐts’ days of delay 

 

Number of 
treated  
elective patients  

Elective patients’ days 
of delay, average (95% 
CI) 

Statistical significant 
difference (compared 
to original) 

Original model 626.0 0.62 (0.41-0.84) - 

Experiment 1 626.0 0.05 (-0.02-0.11) Yes 

 

Table 19: Experiment 1 - number of elective patieﾐts’ being delayed 

 

Number of elective 
patients being delayed, 
average (95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model 2.26 (1.37-3.15) - 

Experiment 1 0.13 (0.00-0.25) Yes 

 

In the original model, the result shows that it was an average of 0.62 number of days of delay 
and 2.26 elective patients that waited longer than they should. In the original model, the 
values of the average days of delay were between 0.41-0.84 and the confidence interval of the 
number of elective patients that needed to wait longer was between 1.37-3.15 patients. As 
seen in Table 18, the result from Experiment 1 shows that there was a decrease of the average 
of 0.57 days that patients needed to wait longer than their maximum waiting times and Table 
19 shows that the average number of elective patients waiting longer decreased with the 
average of 2.13 patients. Confidence intervals of the elective patients delays and the number 
of patients that waited longer can be seen in Table 18 and 19. Confidence intervals are based 
on a normal distribution and therefore, negative numbers can occur even if there are no 
negative number of days in the model, which can be seen in Table 18.  

 

The occupancy rate on weekends was also calculated and compared for the original model 
and Experiment 1, to check if the priority system could lead to an improvement. The result 
can be seen in Table 20.  

 

Table 20: Experiment 1 - bed occupancy rate, weekends 

 
Bed occupancy rate 
Saturday, average % 
(95% CI) 

Bed occupancy rate 
Sunday, average % 
(95% CI)       

Statistical significant 
difference, compared 
to original (Sat, Sun) 

Original model 136.0 (134.0-137.0) 116.0 (115.0-117.0) - 

Experiment 1 136.0 (134.0-137.0) 116 (115.0-117.0) No, No 
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As seen in Table 20, the priority system did not affect the occupancy rate. Nevertheless, the 
changes in outputs between the original model and the Experiment 1 were in the number of 
elective patients waiting longer and their longer waiting times. Experiment 1 gave positive 
results since the change of the queue system from FIFO to a system based on medical priority 
led to fewer elective patients that waited longer and a decrease of the average number of days 
of longer waiting.  

8.2.2 Experiment 2 

The second experiment was made to find a way to lower the waiting times for elective 
patients, while using the system of letting patients be admitted after their maximum waiting 
times have ran out. The experiment was performed to answer following question:  What 
happens with the patient flow, if the queue system is based on that patients with lowest 
maximum waiting times left have higher priority to enter the ward and that elective patients 
can be admitted when there are 0, 7, 14, 21 or 30 days left on their medical priority? This 
experiment was divided into sub experiments, Experiment 2.1- 2.5, which are described 
below.  

In Experiment 2.1, patients can enter the ward when there are no days left on their maximum 
waiting time. Experiment 2.2 is performed in the same way but with the permission of 
entering the ward when there are 7 days left on patients’ medical priority. Experiment 2.3 was 
performed in the same way but with the limit of 14 days, Experiment 2.4 with 21 days and 
Experiment 2.5 with 30 days. The results of these experiments can be seen in Table 21-23.  

Table 21: Experiment 2 - elective patieﾐts’ days of delay 

 
Number of 
treated elective 
patients 

Elective patients’ days 
of delay, average (95% 
CI) 

Statistical significant 
difference (compared 
to original) 

Original model 625.7 0.62 (0.41-0.84) - 

Experiment 1 625.6 0.05 (-0.02-0.11) Yes 

Experiment 2.1 623.6 1.25 (1.16-1.35) Yes 

Experiment 2.2 621.8 0.89 (0.67-1.11) Yes 

Experiment 2.3 622.5 0.17 (0.06-0.28) Yes 

Experiment 2.4 621.9 0.06 (-0.04-0.16) Yes 

Experiment 2.5 623.5 0.09(-0.01-0.20)  Yes 
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Table 22: Experiment 2 - number of elective patieﾐts’ being delayed 

 

Number of elective 
patients being 
delayed, average 
(95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model 2.26 (1.37-3.15) - 

Experiment 1 0.13 (0.02-0.25) Yes 

Experiment 2.1 626 (622-631) Yes 

Experiment 2.2 12.9(8.39-17.40) Yes 

Experiment 2.3 1.41(0.25-2.57) No 

Experiment 2.4 0.27(-0.11-0.65) Yes 

Experiment 2.5 0.16 (-0.02-0.34) Yes 

 

As seen in Table 21, there is a decrease of the number of days that patients need to wait in the 
sub experiments compared to the original model, except from Experiment 2.1 and 2.2. 
Experiment 2.5 gave the best result from the sub experiments, based on the lowest number of 
average waiting times. Experiment 2.1 has extremely high number of elective patients that 
needed to wait longer than their maximum waiting times, which is expected, since all patients 
need to wait full time of medical priority before they could enter the ward. An interesting fact 
in Experiment 2.1 was the length of the delays, which increased from 0.62 to 1. 25 days. 
There is a decrease of the number of elective patients waiting longer and their delays in 
Experiments 2.3-2.5 compared to the original model, as seen in Table 22. However, 
Experiment 1 is still giving the best result based on the number of elective patients that 
needed to wait longer and the length of the delays. The occupancy rate during weekends was 
also relevant to check for this experiment, which can be seen in Table 23. 

Table 23: Experiment 2 - bed occupancy rate, weekends 

 
Bed occupancy rate 
Saturday, average % 
(95% CI) 

Bed occupancy rate 
Sunday, average % 
(95% CI)   

Statistical significant 
difference, compared 
to original (Sat, Sun) 

Original model 136.0 (134.0-137.0) 116.0 (115.0-117.0) - 

Experiment 1 136.0 (134.0-137.0) 116.0 (115.0-117.0) No, No 

Experiment 2.1 130.0 (129.0-132.0) 112.0 (111.0-114.0) Yes, Yes 

Experiment 2.2 113.0 (111.0-114.0) 113.0 (111.0-114.0) Yes, Yes 

Experiment 2.3 131.0 (130.0-132.0) 113.0 (112.0-114.0) Yes, Yes 

Experiment 2.4  131.0 (130.0-132.0) 113.0 (112.0-114.0) Yes, Yes 

Experiment 2.5 137.0 (136.0-139.0) 117.0 (116.0-118.0) Yes, Yes 
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Based on the days of longer waiting times, there are significantly statistically differences 
between the experiments and the original model. There are also significantly statistically 
differences based on the number of patients that waited longer than their maximum waiting 
times, except between Experiment 2.3 and the original model. Experiment 2.5 is the best of 
the sub experiments based on the number of patients that need to wait longer and second best 
based on the longer waiting times, but Experiment 1 is still giving the best results of 
Experiment 1 and 2. Experiment 2.5 is however the least satisfying experiment of all sub 
experiments based on the occupancy rate at weekends. 

8.2.3 Experiment 3 

The third experiment was made to answer the following question: How big is the decrease of 
the number of occupied care beds at weekends if the time and day of admitting patients to the 
ward stops at Thursday 12 pm? 

The admission plan at the ward is, as mentioned, to have 18 occupied care beds on weekdays 
and 10 on weekends. As seen in the results from the original model there were more than 10 
occupied care beds at weekends. This experiment was therefore performed to improve the 
care bed occupancy at weekends. The experiment was made by changing the day of patient 
admissions for elective patients from Friday at 12 pm to Thursday at 12 pm. Statistics of the 
average number of occupied care beds were analysed at Saturdays and Sundays. The result of 
the experiment is shown in Tables 24-25. 

Table 24: Experiment 3 - care bed occupancy, admission of elective patients stops at Friday  

Day of 
week 

Number of 
occupied beds, 
average 

Maximum number 
of occupied beds, 
average 

Saturday 13.55 16.03 

Sunday 11.61 13.74 

 

Table 25: Experiment 3 - care bed occupancy, admission of elective patients stops at Thursday 

Day of 
week 

Number of 
occupied beds, 
average 

Maximum number 
of occupied beds, 
average 

Difference from 
the original model, 
average 

Saturday 12.58 15.09 -0.97 

Sunday 10.91 13.03 -0.70 

 

The results show that when the admission of patients stops at Friday 12 pm, the average of 
occupied care beds are 13.55 on Saturdays and 11.61 on Sundays, as seen in Table 24. If the 
admissions stop at Thursday, the average of occupied care beds decreased to 12.58 on 
Saturdays and 10.91 Sundays, as seen in Table 25. This shows that there can be a small 
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decrease in the number of occupied care beds on Saturdays and Sundays when changing the 
day and time of admission of elective patients to Thursday. However, there is still over 
occupancy compared to the plan of occupying only 10 care beds on weekends. A paired t-test 
was done on Experiment 3 and the original model to check if there is a significant difference, 
which results can be seen in Table 26.  

Table 26: Experiment 3 - bed occupancy rate, weekends 

 
Bed occupancy rate 
Saturday, average % 
(95% CI) 

Bed occupancy rate 
Sunday, average % 
(95% CI)     

Statistical significant 
difference, compared 
to original (Sat, Sun) 

Original model 136.0 (134.0-137.0) 116.0 (115.0-117.0) - 

Experiment 3 126.0 (125.0-127.0) 109.0 (108.0-110.0) Yes, Yes 

 

The results in Table 26 shows that there are significant differences between the experiment 
and the original model, which ensures that there is an improvement of occupied care beds at 
weekends with 9 percentage units, if admission of patients stops on Thursday 12 pm instead 
of Friday. Beside the care bed occupancy, it was also interesting to analyse how many elective 
patients that needed to wait longer than their maximum waiting time and how much longer. 
The results can be seen in Table 27-28.  

Table 27: Experiment 3 - elective patieﾐts’ days of delay 

 Number of 
treated elective 
patients  

Elective patients’ 
days of delay, 
average (95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model 625.7 0.62 (0.41-0.84) - 

Experiment 3 625.0 1.39 (1.07-1.71) Yes 

 

Table 28: Experiment 3 - number of elective patieﾐts’ being delayed 

 Number of elective 
patients being delayed, 
average (95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model 2.26 (1.37-3.15) - 

Experiment 3 5.20  (3.45-6.95) Yes 

 

As seen in the results there is an increased average from 0.62 to 1.39 days of delay and from 
2.26 to 5.2 elective patients that needed to wait longer. Even if there can be seen some 
improvement in the number of occupied care beds on weekends, the result may not be better 
than the current model based on the number of elective patients that waited longer than their 
maximum waiting times and how much longer. 
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8.2.4 Experiment 4  

The fourth experiment is similar to Experiment 3 and was made to answer following question: 
How big is the decrease of the number of occupied care beds at weekends if the time and day 
of admitting patients to the ward stops at Wednesday 12 pm? 

This experiment was done by changing the day and time of stopping admitting patients to the 
ward at Wednesday 12 pm instead of Friday 12 pm. The number of occupied care beds at 
Saturdays and Sundays were analysed and can be seen in Table 29 below.  

Table 29: Experiment 4 - care bed occupancy, admission of elective patients stops at Wednesday 

Day of 
week 

Average of 
occupied beds 

Maximum average 
of occupied beds 

Difference from 
the original model (average) 

Saturday 11.86 14.12 -1.69 

Sunday 10.36 12.39 -1.25 

 

The average number of occupied care beds were 11.86 on Saturdays and 10.36 on Sundays. 
The result shows that there is a lesser number of beds with an average of 1.69 occupied care 
beds on Saturdays and 1.25 on Sundays compared to the original model. The occupancy rate 
can be seen in Table 30. 

Table 30: Experiment 4 - bed occupancy rate, weekends 

 
Bed occupancy rate 
Saturday, average 
% (95% CI) 

Bed occupancy rate 
Sunday, average % 
(95% CI) 

Statistical significant 
difference, compared 
to original (Sat, Sun) 

Original model 136.0 (134.0-137.0) 116.0 (115.0-117.0) - 

Experiment 3 126.0 (125.0-127.0) 109.0 (108.0-110.0) Yes, Yes 

Experiment 4 119.0 (117.0-120.0) 104.0 (102.0-105.0) Yes, Yes 

 

As seen in Table 30, there were statistically significantly differences between the original 
model and Experiment 3 and 4. The occupancy rate of experiment 4 decreased with 7 
percentage units on Saturdays and 5 on Sundays compared to experiment 3. However, it is 
still more than 90 %, which is the desirable occupancy rate at the department. The number 
average number of elective patients that waited longer and how much longer can be seen in 
Table 31-32.   
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Table 31: Experiment 4 - elective patieﾐts’ days of delay 

 Number of 
treated elective 
patients  

Elective patients’ 
days of delay, 
average (95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model 625.7 0.62 (0.41-0.84) - 

Experiment 3 625.0 1.39 (1.07-1.71) Yes 

Experiment 4 622.7 3.11 (2.72-3.5) Yes 

 

Table 32: Experiment 4 - number of elective patieﾐts’ being delayed 

 Number of elective 
patients being delayed, 
average (95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model 2.26 (1.37-3.15) - 

Experiment 3 5.20 (3.45-6.95) Yes 

Experiment 4 16.6 (12.1-21.0) Yes 

 

As seen in this experiment, there is a small decrease of the occupancy rate but more patients 
need to wait longer than their maximum waiting times, and the delays are longer. Therefore, 
the results from both Experiment 3 and Experiment 4 show that stopping admissions earlier 
than on Friday 12 pm will, as expected, decrease the occupancy rate but will on the other hand 
increase the delays of patients’ admissions at the ward. 

8.2.5 Experiment 5 

The last experiment was done to understand what happens with the patient flow if the number 
of care beds were changed on weekends. The original model shows that the ward is over 
occupied during weekends and therefore, this experiment tests what happens if there are more 
care beds available on weekends. The assumption is that if there could be the same number of 
care beds on weekdays but more on weekends, it could benefit the workload, taking into 
consideration the earlier experiments that prove that the model needs more than 10 care beds 
on weekends. The experiment is made to answer the following question: What happens with 
the occupancy rate if there are 1, 2, 3 or 4 more care beds at weekends? This experiment is 
also divided into sub experiments where four different scenarios were created. The first sub 
experiment was made to test what happens if it is one more care bed on weekends, the second 
if there are two, the third if there are three and the fourth if there are four more care beds. 
There were no differences in the average number of elective patients waiting longer or in the 
average of longer waiting times. That was expected since the changed capacity on weekends 
does not affect elective patient admissions. This means that by increasing the number of care 
beds on weekends, it will not have negative nor positive effect of the number of elective 
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patients waiting longer and therefore, the focus in the experiment is on the care bed 
occupancy.  The occupancy rate and statistical significant difference for every sub experiment 
can be seen in Table 33.  

Table 33: Experiment 5 - bed occupancy rate, weekends 

 
Bed occupancy rate 
Saturday, average 
% (95% CI) 

Bed occupancy rate 
Sunday, average % 
(95% CI)  

Statistical significant 
difference, compared 
to original (Sat, Sun) 

Original model 136.0 (134.0-137.0) 116.0 (115.0-117.0) - 

+ 1 more care bed 123.0 (122.0-124.0) 106.0 (104.0-107.0) Yes, Yes 

+ 2 more care bed 113.0 (112.0-114.0) 96.8 (95.8-97.7) Yes, Yes 

+ 3 more care bed 96.8 (95.9-97.7) 82.9 (82.1-83.8) Yes, Yes 

+ 4 more care bed 95.9 (95.9- 97.7) 82.9 (82.1-83.8) Yes, Yes 

 

As expected, the occupancy rate decreases during the weekends in the different sub 
experiments compared to the original model, as seen in Table 33. When using 4 extra care 
beds, the occupancy rate is higher than 90 % on Saturdays, but lower on Sundays. This 
indicates that it could be better to use different amount of care beds on weekends, depending 
on if it is Saturday or Sundays. An interesting aspect with this experiment was not the 
decreased occupancy, which was obvious, but how much it decreased to understand how 
many more care beds to plan for to satisfy all the patients that are treated at the ward during 
the weekends. It was also interesting to compare the differences in the average of occupied 
care beds between Experiment 5 and the original model for all days of the week, to check if 
there are any changes. The results can be seen in Table 34.  

Table 34: Experiment 5 - bed occupancy rate, weekdays 

Day of 
week 

Bed occupancy 
rate (original 
model), average 
% 

Bed occupancy 
rate (+ 1 care 
bed), average 
% 

Bed occupancy 
rate (+ 2 care 
beds), average 
% 

Bed occupancy 
rate (+ 3 care 
beds), average 
% 

Bed occupancy 
rate (+ 4 care 
beds), average 
% 

Monday 67.7 67.7  67.7  67.7  67.7  

Tuesday 81.6  81.6  81.6  81.6  81.6  

Wednesday 84.7  84.7  84.7  84.7  84.7  

Thursday 84.9  84.9  84.9  84.9  84.9  

Friday 82.0  82.0  82.0  82.0  82.0  

  

As seen in Table 34, the occupancy rate on weekdays are not affected by an implementation 
of more care beds on weekends.  
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8.2.6 Combined experiments  

Based on the results from the experiments, four combinations of experiments were made to 
find the best possible result between the different experiments. The experiments that have 
been combined with each other are Experiment 1, Experiment 2, Experiment 3 and 
Experiment 5, because of the satisfying outputs that could lead to even better results. 
Experiment 6 is based on Experiment 1 and Experiment 5. Experiment 7 is based on 
Experiment 2.4 and Experiment 5. Experiment 8 is based on Experiment 2.5 and Experiment 
5. Experiment 9 is based on Experiment 1, Experiment 3 and Experiment 5. The list below 
describes the experiments in detail.  

● Experiment 6: The queue system is based on priorities and the number of available 
care beds are modified to 15 on Mondays, 17 on Fridays, 15 on Saturdays and 13 on 
Sundays, with a total change of four added care beds. 

 

● Experiment 7: The queue system is based on priorities, elective patients are admitted 
first when there is 21 days left or lower on their medical priorities and the number of 
available care beds are modified to 16 on Mondays, 16 on Fridays, 14 on Saturdays 
and 12 on Sundays, with a total change of two added care beds. 

 

● Experiment 8: The queue system is based on priorities, elective patients are admitted 
first when there is 30 days left or lower on their medical priorities and the number of 
available care beds are modified to 16 on Mondays, 16 on Fridays, 15 on Saturdays 
and 13 on Sundays, with a total change of four added care beds.  

 

● Experiment 9: The queue system is based on priorities, the date of stop admitting 
elective patients are changed to Thursday at 12 pm and the number of available care 
beds are modified to 16 on Mondays, 16 on Fridays, 14 on Saturdays and 12 on 
Sundays, with a total change of two added care beds.  

 

Since the occupancy rate at the ward differs depending on the day of week, the number of 
care beds were adjusted to be closer to the desirable occupancy rate, which is near 90 %. The 
reason that there are less care beds added in Experiment 7 is because that there are less 
patients admitted in total, since the average number of patients decreases in the model when 
they are not admitted earlier.  

The results of the occupancy rate, confidence interval and if there are statistically significantly 
differences between the experiments and the original model can be seen in Table 35-37.    
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Table 35: Combined experiments -  bed occupancy rate 

Day of 
week  

Bed occupancy rate 
Experiment 6, 
average % (95% CI) 

Bed occupancy rate 
Experiment 7, 
average % (95% CI) 

Bed occupancy rate 
Experiment 8, 
average % (95% CI) 

Bed occupancy rate 
Experiment 9, 
average % (95% CI) 

Monday 85.8 (84.8-86.8) 96.2 (95.4-97.0) 86.8 (85.9-87.7) 88.0 (87.5-89.3) 

Tuesday 86.2 (85.5-86.9) 89.3 (88.7-89.9) 87.5 (86.7-88.3) 90.4 (89.8-91.1) 

Wednesday 89.4 (88.8-90.0) 87.0 (86.3-87.7) 86.0 (85.3-86.7) 92.4 (91.8-92.9) 

Thursday 86.2 (85.5-86.9) 84.7 (83.9-85.4) 89.5 (88.9-90.1) 90.3 (89.7-90.9) 

Friday 91.7 (91.0-92.4) 91.8 (90.9-92.7) 92.2 (91.5-92.9) 90.6 (89.8-91.5) 

Saturday 90.4 (89.5-91.2) 93.5 (92.5-94.5) 91.5 (90.7-92.3) 89.9 (89.0-90.8) 

Sunday 89.3 (84.4-90.2) 94.0 (92.9-95.1) 90.2 (89.3-91.1) 90.8 (89.9-91.7) 

 

Table 36: Statistical significance difference between combined experiments and original model, occupancy rate 

 

 

 

 

 

 

 

 

 

 

The results of the average number of elective patients waiting longer than their maximum 
waiting times and how much longer can be seen in table 37- 38.  

  

Day of week 

Statistical 
significant 
difference, 
Experiment 6 

Statistical 
significant 
difference, 
Experiment 7 

Statistical 
significant 
difference, 
Experiment 8 

Statistical 
significant 
difference, 
Experiment 9 

Monday  Yes  Yes  Yes  Yes  

Tuesday No Yes Yes  Yes  

Wednesday No Yes  Yes  Yes  

Thursday No Yes  No Yes  

Friday Yes  Yes  Yes  Yes  

Saturday Yes  Yes  Yes  Yes  

Sunday Yes  Yes  Yes  Yes  
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Table 37: Combined experiments - elective patieﾐts’ days of delay 

 Number of 
treated elective 
patients 

Elective patients’ days 
of delay, average (95% 
CI) 

Statistical significant 
difference (compared 
to original) 

Original model 625.7 0.62 (0.41-0.84) - 

Experiment 6 625.6 0.05 (-0.01-0.11) Yes 

Experiment 7 621.9 0.06 (-0.04-0.16) Yes 

Experiment 8 623.5 0.09 (-0.01-0.20) Yes 

Experiment 9 625.0 0.08 (-0.02-0.18) Yes 

 

The average of patients’ delays was shown to be almost similar between the experiments with 
the averages of 0.05, 0.06, 0.09 and 0.08 days, as seen in Table 37. There are less elective 
patients treated in total in Experiment 7 than in the other experiments. The average number of 
elective patients that need to wait longer than their maximum waiting times are 0.13 in 
Experiment 6, 0.27 in Experiment 7, 0.16 in Experiment 8 and 0.14 in Experiment 9, as can 
be seen in Table 38. What can be noticed is that in Experiment 6, Experiment 7 and 
Experiment 8, the number of elective patients that need to wait longer and their delays are the 
same as in Experiment 2.4 and Experiment 2.5 because the additional experiments are based 
on the same queue system.  

Table 38: Combined experiments - number of elective patieﾐts’ being delayed 

 Number of elective 
patients being delayed, 
average (95% CI) 

Statistical significant 
difference (compared 
to original) 

Original model  2.26 (1.37-3.15) - 

Experiment 6 0.13 (0.01-0.25) Yes 

Experiment 7 0.27 (-0.11-0.65) Yes 

Experiment 8 0.16 (-0.02- 0.34) Yes 

Experiment 9 0.14 (-0.02-0.30) Yes 

 

The output data of the number of patients that waited longer and the length of their waiting 
times were analysed with paired t-test to check if there were statistically significantly 
differences between the experiments. The result of the paired t-tests showed that there were 
no statistically significantly differences between the experiments, which means that the 
experiments are similar in the results. Since there are no differences in the average number of 
elective patients waiting longer and their delays, the decision of which experiment is better 
being based on the number of treated elective patients, the care bed occupancy and the 
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number of added care beds. By taking all the relevant outputs into consideration, it can be 
shown that Experiment 7 and Experiment 9 have only two added care beds compared to four 
added care beds in the two other experiments. Of Experiment 7 and 9, Experiment 9 has the 
biggest amount of treated elective patients and the lowest occupancy rate during the weekend, 
compared to Experiment 7, which means that Experiment 9 can be assumed to be the best, 
even though all other experiments can lead to decreased number of elective patients that need 
to wait longer than their maximum waiting times, and decreased delays. 

8.3 Analysis of the experiments 
An interesting aspect that was analysed was the number of elective patients that needed to 
wait longer than their maximum waiting times. What should be taken into consideration in 
these experiments is, as mentioned, the number of patients in the model that differs from 
reality because of the lack of data about all patients that were not treated at the ward during 
year 2015, but waited to get admitted. Nevertheless, the experiments can lead to conclusions 
of how the admission plan can be improved based on the patients’ medical priority and queue 
systems. If there are statistically significantly differences in the experiments compared to the 
original model it can be a proof of that a change makes a difference. 

The analysis shows that Experiment 1, 2.4 and 2.5 gave the best result and Experiment 2.1 
least satisfying, since the number of days that elective patients needed to wait longer 
increased. The result showed that there is an improvement based on the delaysand the number 
of elective patients waiting longer, if the queue system is based on that patients with the 
lowest maximum waiting times get admitted to the ward first. By letting the maximum 
waiting times run out before admitting patients, the waiting times increased. However, letting 
patients be admitted to the ward when it was 21 days or fewer respectively 30 days or fewer 
left on elective patients’ medical priority, it resulted in shorter waiting times than in the 
original model. Nevertheless, Experiment 1 gave the best result based on the number of 
treated patients compared to the other experiments and an improved value of the average 
waiting times.  

Experiments 3 and 4 were about improving the occupancy rate on weekends by stopping 
admitting elective patients on Thursday 12 pm respectively Wednesday 12 pm instead of 
Friday 12 pm. The output data showed that there was a significant difference between 
Experiment 3 and the original model based on the occupancy rate. There was also a 
significant difference in Experiment 4. However, the result of the occupancy rate between 
Experiment 3 and 4 did not differ much, because it was only a slight improvement of the 
average number of occupied care beds in Experiment 4, compared to Experiment 3. With 
consideration of that the occupancy rate did not differ much and the increased number of 
elective patients waiting and their increased waiting times, experiment 4 was not satisfying, 
and therefore not interesting to analyse further. In Experiment 3 and 4, the number of 
occupied care beds were still more than 10 on weekends, which means that even if the ward 
would stop admitting patients on Thursdays or Wednesdays, it would still be more than 10 
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occupied care beds on weekends. This means that it could be a good idea for the ward to 
change the current admission plan of having a capacity of 10 care beds on weekends and 
increase the number of care beds on weekends. 

Experiment 5 was performed to check what happens if there are one, two, three or four more 
care beds available on weekends. Based on the average of elective patients waiting longer, 
and their longer waiting times, it was shown to be no difference between having more care 
beds on weekends compared to the original model. However, the occupancy rate changed on 
weekends, with significant difference between the experiment and the original model. The 
question is, how many care beds that should be implemented. The results from Experiment 5 
showed that it was a need of different number of care beds on Saturdays and Sundays to 
achieve an occupancy rate near 90 %. When there were three or four more care beds added, 
the occupancy rate was over 90 % on Saturdays but lower on Sundays. Therefore, different 
amount of care beds was tested in the experiments. 

In experiments 6-9, different amount of care beds was tested on Saturdays, Sundays and some 
modifications were made on weekdays to get closer to 90 % occupancy rate. The statistical 
analysis with paired t-test that compared the experiments proved that there were no 
statistically significantly differences, based on the number of elective patients waiting longer 
than their maximum waiting times and the delays. This means that all additional experiments 
are as good to use for lowering the delays and waiting. However, based on the number of 
added care beds, the number of treated elective patients and the occupancy rate, Experiment 9 
was shown to be best, which means that the patient admissions at the ward can be improved if 
the queue system is based on priorities, the date of stopping admitting elective patients are 
changed to Thursday at 12 pm and the number of available care beds are modified to 16 on 
Mondays, 16 on Fridays, 14 on Saturdays and 12 on Sundays, with a total change of two 
added care beds.   
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9. Discussion, conclusions and recommendations  
In this section, there is a discussion of this study in relation to other studies and to reach the 
aim of this study, conclusions and recommendations have been made, which are also 
described in this chapter. The conclusions are based on the observations, interview of the 
medical staff at the ward and the experiments in the model, while the recommendations are 
based on the conclusions. 

9.1 Discussion  
 

As Arvidsson (2007) described, the health care has for a long time been associated with 
function-oriented organizations with units that works separately without any further 
cooperation, but lately it is more likely that health care organizations try to be associated with 
processed-oriented organizations. Results from this study indicate that a process-oriented 
organization is more suitable for health care organizations, where cooperation between units 
is a very important part for improving management in health care. Although increased 
cooperation is important for development, it seems difficult to implement logistical solutions 
in health care units, because of lack of logistic expertise in combination with traditional 
thinking. As proved by this study, improvement can be done to achieve better occupancy rate 
and lowering the number of patients that need to wait longer than they should before 
treatment. This can be achieved by modifying the capacity at the ward and improving the 
priority system. As Buckley et al. (2000) explained, the problem with a lack of resources 
should not only be solved by increased number of care beds, since it leads to increased costs, 
but also improve the flexibility and availability at the health care units. What this study has 
shown, is that the capacity at the ward could be matched to the patient demand if the ward 
plans for more patients at weekends and fewer on some weekdays. The ward could therefore 
benefit of changing the schedules for medical staff, so it matches the number of patients at the 
ward.   
  
In bed management, there are many different ways to improve the availability of care beds. 
As described by the National Audit Office (2000) a buffer of care beds can be a good way to 
deal with unexpected overcrowding. Clear procedures for patient admissions, treatment and 
discharge of patients, but also improved communication and information with weekly 
meetings can improve the availability of care beds. The ward needs better communication 
between units and clear procedures of the patient admissions, since patients are often being 
rebooked, which indicates that patients are being booked with no consideration of emergency 
arrivals. This could also be solved by a buffer of beds if emergency cases occur. By planning 
for a lower occupancy rate near 90 %, the other 10 % can be seen as a buffer of care beds in 
case of overcrowding. Better knowledge about the patient flow, like estimating emergency 
arrivals can further lead to a possibility of improving the admission of elective patients, as 
well as planning treatments and discharging patients. Emergency arrivals have been a problem 
in health care when planning for patient admissions, since they lead to uncertainty in the 
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planning process, as described by Boaden et al. (2003). This study has shown that the number 
of emergency cases can be estimated, which can lead to easier planning for elective patient 
admissions.  

 

Many researchers suggest that care units should cooperate with each other and improve their 
communication. Boucherie et al. (2008) suggested how such cooperation could improve the 
occupancy rate, which is by admitting patients from other care units when a unit is 
overcrowded. In this study, patients from other care units and patients that are treated at other 
care units but should be treated at the Department of Pulmonary Medicine are not in focus, 
but patients from other care units are included in the input data of the model. However, in this 
study, those patients are assumed to be patients with pulmonary diseases because the model is 
performed to handle the patients at the ward, without sending patients to other care units. This 
because that even if other care units can help those patients, it is better to prevent 
overcrowding at the ward, since it is the Department of Pulmonary Medicine that has 
pulmonary expertise, which other units may not. Sending patients to other units can in that 
case be a risk for patients’ health when being treated by medical staff that do not have the 
same expertise. It can also lead to overcrowding at other units instead. Therefore, this kind of 
cooperation could lead to a problem that is only passed forward. 

9.2 Conclusions 
There are many difficulties in planning the admissions of patients to the ward. Some of the 
difficulties seem to be related to the high patient demand along with a limited amount of care 
beds at the ward, while other problems are related to the way of planning the admissions of 
patients to the ward. The variation of the patient demand and different treatment times are 
other aspects that makes the admission plan hard to follow. Even if there are historical data of 
different treatment times, it is difficult to estimate how long treatments take. In many cases 
the medical staff cannot know for sure, in advance, how long a patient need to stay at the 
ward. There are also difficulties in planning the patient admissions when there are many 
parties involved in the planning, because of the different interests. The workload at the ward 
is affected a lot by several units at the department that plan to admit patients to the ward, since 
they sometimes schedule patients visits without further consideration of emergency arrivals, 
which leads to overcrowding. The patients can be scheduled by the units within the 
department, other care units that have a lack of care beds and by the emergency department. 
Due to the pressure of handling those patients, the ward becomes overcrowded, since they 
cannot refuse to treat a patient in need. Too high patient demand can lead to an ethical 
dilemma, where the ward needs to consider whether to rebooking patients’ visits or 
overcrowding the ward, which affects either the patients or the workload of the medical staff. 

 

The lack of accurate data makes it difficult to develop an admission plan for the ward. Some 
of the missing data are; the number of patients that are waiting to get an appointment at the 
ward, separated data of how many patients with pulmonary disorders that are treated at other 
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care units and how many patients that are treated at the Department of Pulmonary Medicine, 
but are supposed to be treated at other wards. The lack of accurate historical data has made it 
difficult to draw conclusions and mimic the reality in the model. Another issue that was found 
in this study was the difficulty of going from 18 to 10 admitted patients over a night, since it 
is often more than 10 patients that are treated at the ward when weekends begin. 

  
The problem with the planning of patient admissions at the ward is that it often leads to 
overcrowding. By analysing the situation at the department, processing the historical data and 
making different experiments in the model, some conclusions could be made about how to 
improve the admission of patients at the ward. The result from the interview showed that one 
of the reasons for overcrowding is the lack of communication between the units within the 
department, where units schedule patients to visit the ward with no further consideration of 
that some care beds need to be available for incoming emergency patients. The ward could 
benefit of having clear procedures of patient admissions, including directions of the maximum 
number of patients to schedule for, which every unit should follow. This study showed that 
approximately 36.7 % of the admissions are emergency and 63.3 % are elective based on the 
historical data. Based on the inflow of 36.4 % emergency patients and with consideration of 
the average of treatment times, an appropriate number of admissions for elective patients 
could be estimated for weekdays. The historical data showed that there was an average of 1.96 
emergency patients on Mondays, 1.36 on Tuesdays and so on, which means that the inflow of 
emergency patients can be estimated. 

The results from the experiments in this study show that the admission of patients should be 
based on that patients with highest priority should visit the ward first. Therefore, it can be 
better to wait to schedule a patient with lower medical priority to await demands of patients 
with higher medical priority, but more research need to be done to implement such a system 
based on medical priority as fixed lead times. Based on the analysis of the experiments, it was 
also shown to be about the same amount of average number of days that patients needed to 
wait longer if patients did not get admitted before there was fourteen days or fewer left on 
their medical priority, instead of 60, as in the original model and it was even better to let 
patients be admitted before there was 21 days or 30 days left on their medical priority. Even 
though the number of treated elective patients were fewer, it could be better to lower the 
medical priority to improve the waiting times. This is something that the ward could take into 
consideration while planning the admission of elective patients. 

The date of stopping admitting elective patients to the ward can be changed to Thursday 12 
pm, based on the results of the experiments. The output from the experiment also showed that 
more than 10 care beds were occupied on weekends, even if the admission of patients stopped 
earlier, which means that the current plan of admitting 10 patients on weekends is not 
working due to the patient demand. The analysis of the experiments proved that the ward 
needs increased capacity on weekends. One way to improve the occupancy rate was by using 
four more care beds on Saturdays, two more on Sundays, and two less care beds on Mondays 
and Fridays. This amount of care beds decreases the occupancy rate enough to handle the 
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patient demand, and in combination with a queue system, based on priorities and changing the 
date of stop admitting elective patients to Thursday at 12 pm, the number of elective patients 
waiting longer than their maximum waiting times and their delays also decreased. 

9.3 Recommendations  
The recommendations to the Department of Pulmonary Medicine, based on the conclusions 
from this study are described below.  

Based on the interview and with considerations of earlier researches, the Department should 
maintain good cooperation between involved units, improve the procedures of patents 
admissions and set strict guidelines, which should be followed to prevent overcrowding at the 
ward, with an estimation of how many emergency patients that will need care. The admission 
plan should be developed and followed with no deviation from it, except when there are 
emergency cases.  

 

The experiments showed that a priority system, based on patients’ maximum waiting times 
should be improved and followed, to make sure that patients get treated within their maximum 
waiting times. A recommendation is to perform further studies of how to admit elective 
patients based on using the medical priorities as fixed lead times. An improvement of the 
documentation could benefit further studies, including how many patients that are waiting to 
get an appointment at the ward (the total patient demand), separated data of how many 
patients with pulmonary disorders that are treated at other wards and how many patients from 
other care units that are treated at the department’s ward. The documentation also need to be 
more properly done, with fewer or no mistakes. 

 

The admission plan can be improved if the ward plan for more care beds on weekends and 
fewer on some weekdays to ease the workload. As shown in the experiments, more care beds 
on weekends and less care beds Mondays and Fridays can prevent overcrowding, in 
combination with changing the date of stopping admitting elective patients to Thursday 12 
pm. A recommendation is to use this study as a basis of how to improve the admission plan 
and make use of the recommendations of improved documentation and cooperation between 
involved units. 
 

9.4 Future research  
Future research can be done of how to improve the admission plan and to prevent 
overcrowding and delays of patients’ admissions. Based on this study, there are some 
improvements that can be done and changes of the limitations that can lead to other 
conclusions. With better documentation at the department, future studies of elective and 
emergency patients’ differences in LOS and arrivals can be made to reach even more reliable 
results. Improved documentation can also make it easier to do research about patients with 
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pulmonary disorders that are treated at other wards or patients from other units that are treated 
at the Department of Pulmonary Medicine. Future research could be done of how to avoid 
admitting patients to other wards than they are supposed to be treated at. With documentation 
of the total patient demand, research can also be done of how the priority system is affected 
with more patients waiting and with a bigger number of patients being delayed and more days 
of delay, which makes the system more similar to the reality. 

The queue system based on medical priorities can be developed, with the total patient demand 
and with more experiments where different medial priorities are tested, aside from the 
priorities as in this study. An idea in this study was to use the medical priority as fixed lead 
times. However, the total patient demand is needed in combination with a developed priority 
system. Therefore, that kind of system could be developed in future studies, to find a way to 
make it work. Another aspect, which has not been included in this study, are patients’ 
different diagnoses and ages, which can affect patients’ LOS. Different diseases and ages of 
patients can be used in future research to find the differences between patients and to 
implement the differences in a developed model to find a way to plan for patient admissions 
with consideration of which type of diagnose and age a patient has.  

Future research could also be done of how to improve procedures of planning patient 
admissions to the ward and the communication between involved units. With an estimation of 
the number of emergency patients, it can be easier to plan for elective patients. Further studies 
should be done to look closer into how many elective patients that should be scheduled for, 
with consideration of the inflow of emergency patients. 
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