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Abstract 

Simulation as a decision support tool for 

hospitals' surgery planning 

Hrafn Eyjólfsson 

 

Healthcare systems, driven by increased demand due to growth in chronic 

diseases and population, suffer from lack of staffing and facility resources. Many 

major hospitals have long waiting lists and have subsequently pushed their 

production close to maximum capacity due to the high demand for services. 

The consequences are lack of overview of the operations and lack of 

coordination between healthcare staff, which leads to treatment delays. Surgery 

planning or scheduling is an important part of production planning in hospitals, 

which is considered highly complex due to high variability and many decisions 

variables that need to be considered. Those responsible for surgery planning 

are often considered to lack the right tools to support them in evaluating the 

many different decision factors.  

Simulation is a technology within the field of operations research which has 

been applied to aid with surgery planning problems and to look for process 

improvements. Many studies however use a simplified approach to the surgery 

planning, due to the complexities of the planning problem. Studies have further 

argued that surgery planning fails to consider downstream resources and the 

negative effects it has on utilization of those resources. 

This thesis is based on a case study at one of Sweden’s major hospitals and aims 

to explore how simulation could become a decision support to help with 

surgery planning and identifying what process improvements such a tool could 

be aimed at. 

The surgery planning decision making process is first analyzed using a 

hierarchical framework for hospitals’ production planning. The results were 

that the decision making process regarding patient flows needs to be improved 

by taking both a top-down and bottom-up strategy for better information flow 

and coordination.  

The study further concludes that improved coordination and information 

sharing are important factors to improve patient flow through the hospital, 

which could be supported by the usage of Discrete Event Simulation for 

decision making. The ideal decision support tool is however considered the 

simulation tool embedded with an online system to support bed management 

decisions which could increase patient throughput. Such a tool could help to 

decrease the demand for the hospital’s beds by discharging patients quicker. In 

addition, it could support the bottom-up strategy for coordination, while 

implementing a multi-method or hybrid simulation could further support the 

top-down part of the strategy. 

Keywords: Production planning, surgery planning, decision support tools, 

simulation, DES, process improvement, process mapping, bed management, 

patient flows, healthcare 
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Popular science summary 

Simulation for surgery planning 

Surgery planning is an important factor of production planning in hospitals. In general surgery 

planning is considered highly complex as it involves many decision making variables which 

makes the process cumbersome for those who are involved with the planning. Simulation 

technology has been used as method to assist with surgery planning but often in a simplified 

manner due to its complexity. However, with recent enhancements in technology, the use of 

information systems in hospitals and the increased automatic data collection that comes with 

usage of these systems, allow for using technology in new ways. Embedding different 

technological solutions could help healthcare professionals with coordination and in their 

decision making, which is considered as a central point when it comes to delivering care to 

patients. 

A case study was conducted at a surgical department at Uppsala University Hospital, which is 

one of the major hospitals in Sweden. The surgery planning at the department is done entirely 

manually today, albeit with the help of a new information system. Those who are responsible 

for the planning need to rely entirely on their own intuition when it comes to assessing the 

many different decision variables. The purpose of this thesis was to identify, if and in what 

ways, simulation could become a decision support tool to aid in surgery planning and decision 

making. The case study has investigated what process improvements simulation effort could 

be aimed at and shows that real time data decision support tools could improve coordination in 

surgery planning as well as communication and information sharing of hospital professionals. 

Never-the-less such tools have their limitations and can be thought of as support tools which 

can help with decision making and to assess the right choices, but as the study shows surgery 

planning always involves a certain amount of human decision making. 

The usage of simulation as a decision support tool can thus make the surgery planning process 

a more automated one, in which those who are responsible for the planning do not solely need 

to rely on their own intuition. The consequences can be advantageous for both internal 

stakeholders in hospitals, as well as external stakeholders and the society in general. For 

internal stakeholders the implementation of the technology can lead to better working 

procedures and less work overload. For external stakeholders it could mean better access to 

treatments and shorter waiting lists for patients and regional governments could benefit from 

the improved services provided to patients. With better access for patients to surgical 

treatments, the whole society should generally be able to profit from improved surgery 

planning.  
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  1 

1 Introduction 
This chapter is an introduction into the case and presents its background, provides a description 

of the problem at hand and introduction of the organization. The chapter also lists the purpose 

of the thesis and the research questions the thesis aims to answer. Further it states the origin 

and delimitations of the study and provides an overview of how the rest of the paper is outlined. 

1.1 Background 

Healthcare systems around the world face multiple challenges towards providing high quality 

care. The challenges are manifold and complex and can be viewed from both a macro and 

micro level perspective and might require multiple approaches for jointly solving the issues. 

The World Health Organization (WHO) has listed ten threats to global health for 2019. On the 

list are threats such as challenges of weak primary healthcare, threat due to air pollution and 

climate changes and threats due noncommunicable diseases such as diabetes, cancer and heart 

diseases, which can further often be related to environmental or behavioral factors and risk 

taking of individuals (WHO, 2019).  

Moreover, healthcare systems are experiencing challenges driven by demographic changes, 

with an increasing proportion of the population constituting of older people, as well as growing 

population in general (Vissers and Beech, 2005; Jack and Powers, 2009). The increase in 

noncommunicable diseases, along with growing and aging population result in growing 

demand for healthcare delivery systems and puts extra pressure towards providing high quality 

care. What further spurs the challenges of meeting the demand is the problem with lack of 

staffing resources within healthcare and not having enough healthcare workers being trained 

for the relevant tasks (Barr, 2011). The consequences are overcrowding and long waiting times 

for patients, along with appointment cancellations and resource overloading. The pressing 

situation is such that for most major public hospitals, the demand for services is so large that 

system seldom empties of waiting patients (Hall et. al, 2013). 

Furthermore, healthcare systems are found to be significantly complex, suffer from lack of 

standardization and have multiple stakeholders involved each sharing their own opinions of 

how to operate and improve healthcare systems. The complexity and lack of standardization 

within healthcare delivery, can further cause lack of overview in operations of healthcare 

systems and how to efficiently use the available resources.  

The healthcare industry is expected to continue to face future challenges of having enough 

resources to meet the required demand. Growing and aging population and perhaps problems 

related to population health are likely to further increase and as a result, decision makers face 

pressure to manage healthcare systems in efficient and effective ways (Raswan et. al, 2016) 

The growing demand healthcare is facing, has pushed production to close to maximum capacity 

to cope with the demand. However, many production systems which seek high levels of 

utilization of its resources have difficulties managing resources and experience losses in 

operational performances, which can lead to delays in patients’ treatments in hospitals. 
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1.2 Problem statement 

An important part of production planning in hospitals is how surgery scheduling or planning is 

made. Surgery planning in hospitals is considered a highly complex process due to the various 

decision variables that need to be taken into consideration. A central point to delivering care to 

patients is the decision making of hospital staff (Sheila and Brailsford, 2009). Those 

responsible for surgery planning do not only need to deal with patients’ and surgeon’s 

preferences and decisions regarding the many different resources involved, but also need to 

consider the variability in the services (Latorre-Núñez et. al, 2016). Due to the many different 

factors that must be taken into consideration man-made variability is often a result of the 

decisions taken by healthcare professionals, which should be eliminated (Haraden and Resar, 

2004; Hamrock et. al 2013). However, those responsible for the decision making of the surgery 

planning processes are considered to receive little support with the processes and lack the right 

decision support tools to help them out (Larsson and Fredriksson, 2019).  

Operations research has many methods and approaches for which has been applied to 

healthcare to look for process improvements. Simulation is one of the most popular operations 

research methodology used in healthcare and is found more suitable to explain to healthcare 

professionals than other methods such as using mathematical models. Its strengths lie also in 

its capabilities to deal with the complex nature and relationships in healthcare (Sheila and 

Brailsford, 2009). Simulation has been applied in healthcare many different contexts to look 

for process improvements, but never-the-less there are barriers which need to be overcome. 

One the challenges is capabilities of simulation models to capture human factors (Sheila and 

Brailsford, 2009; Barjis, 20011), as the human component is a major factor for delivering care, 

and many of the activities performed involve human interactions (Sheila and Brailsford, 2009). 

Moreover, surgery planning has also been explored with the use of simulation from many 

different perspectives but is often explored from a narrow perspective, due to the complexity 

of the matter of the matter. As such Beaulieu et. al (2012) state that most researchers work with 

a simplified approach to the planning problem and Adan and Vissers, (2002) state the problem 

is often focused on the efficient use of the operating room itself and fails to consider other 

resources. The problem is that surgery planning often fails to consider downstream resources 

(Cardoen et. al, 2010; Rohleder et. al, 2013) and the negative effects it has on utilization of 

those resources but is rather based upon individual preferences.  

1.3 Purpose statement 

The purpose of the research is to identify, if and in what ways, simulation could become a 

decision support tool to aid in the surgery planning and decision making, as well as identifying 

what process improvement simulation efforts should be aimed at. 

 

1.4 Research questions 

The following research questions are listed in order to fulfill the purpose of this thesis: 

● What does the decision making process for hospital surgery planning look like and how 

could it be improved? 
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● How could simulation become a decision support tool to aid with surgery planning in 

the hospital setting, and what process improvement could it be focused upon? 

The research questions are addressed by exploring the literature on production planning in 

hospitals for the first research question, as well as using literature on simulation in healthcare 

and processing mapping methods which have been used to address the second research 

question.  

The study uses multiple study methods to support the findings of the case study, in which a 

quantitative approach taken in the study is used to facilitate the qualitative methods taken. 

Furthermore, this study uses an abductive approach which allows for constant exploration of 

the literature together with the findings form the study methods used. Further description is 

given in chapter 3 on methodology. 

1.5 About the organization and origin of the case study 

Uppsala University Hospital (s. Akademiska Sjukhuset) is the county hospital of Uppsala 

County and is one of Sweden's largest hospitals. The hospital has the role of serving as a county 

hospital, but additionally as a specialist hospital, training hospital and research hospital. It has 

around 8.200 employees and almost 1.000 beds. Over 700.000 people seek care by the hospital 

every year and around 55.000 admissions are made. Around 32.000 surgeries are carried out 

by the hospital every year and in total the hospital has 51 operating rooms, thereof 7 within the 

hospital ́s surgical department which this master thesis will focus on (Akademiska Sjukhuset, 

2019a).  

This master thesis is carried in cooperation with Uppsala University Hospital as the first part 

of a research project between Uppsala University and the hospital to evaluate how simulation 

can be of helpful in surgery planning. This research is meant to serve as foundation for 

simulation to be implemented as a decision support tool in the future.  

The request was to explore how Discrete Event Simulation could be used as a decision support 

tool for operational planning using FACTS analyzer for surgical planning.  Today, planning of 

surgeries is done manually by a coordination team, but with the help of a new information 

system Orbit which was fully introduced in January/February 2019. With the help of simulation 

technology, it should be possible to automate this process, at least to a certain extent. In 2015-

2016 the hospital made efforts towards improving the planning of surgeries using simulation, 

with the help of consultancy firm. However, the outcome was not found suitable as it only 

allowed for planning of surgeries with a one-year planning horizon, which is not suitable for 

decision making at tactical and operational levels. 

This master thesis is carried out as a case study at Uppsala University Hospital. Further 

description of the organization and the case is given in chapter 4. 

1.6 Delimitations 

The research is conducted in cooperation with Uppsala University Hospital and the case is 

restricted to the hospital operations which include the surgical department and anesthesia (s. 
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Kirurgiska anestesi- och operationsavdelningen). The case is focused on surgery planning for 

the surgical department which make use of seven out of the total of fifty-one operating rooms 

at the hospital. In addition, this study has not considered the staffing resources, or the lack of 

nursing resources to any specific extent. 

In addition to the practical limitation, this research has only considered simulation as a method 

for process improvement and does not include other methods such as Lean or Six Sigma which 

are often used for this purpose. The study is also limited to the initial stages of building a 

simulation to support decision making, due to the limitation of resources and time, as well as 

the limited understanding of the processes carried out did in turn not allow for the building of 

simulation model. As such this study is limited to identifying the initial stages of building a 

conceptual simulation model and exploring which improvement efforts could be aimed at.  

1.7 Outline 

This paper consists of eight main chapters, for the remainder of this paper the outline is as 

described. Chapter 2 presents a literature review done for the purpose of this study and explores 

the theories and concepts which have been applied to healthcare delivery and the hospital 

environment. The chapter in brief, explores the literature of production planning in hospitals, 

simulation methods and process mapping. In chapter 3 the methodology of the thesis is 

described, including the research design, approach and strategy together with the study 

methods used. Chapter 4 lists the empirical findings of the study and the current situation 

analysis. Chapter 4 thus presents the results from the interviews and observations together with 

the process maps created, and chapter 5 then follows with an analysis of the results. Finally, 

discussions and conclusions of the case study are provided in chapter 6 and 7 respectively. 

Chapter 8 is an overview of the bibliography used for the purpose of this paper.  
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2 Theory 
This chapter presents the literature review which was undergone during the process of this 

thesis. In brief this chapter first explores the concepts of operations management and 

production planning in healthcare. It introduces the reader to the use of simulation in healthcare 

and ends off with discussion on process mapping.  

2.1 Introduction to Healthcare Operations Management 

In a general sense any organization produces either goods, services or a combination thereof 

and operations management handles how organizations go about producing those services and 

goods. The activity of managing resources and processes that produces the services and the 

goods is referred to as operations and process management (Slack et. al, 2015).  

In the review for this study on operations management, it was found that little attention is given 

to the overview of operations management in healthcare, and much of the identified literature 

discusses mainly the different approaches and methods, and thus this section serves mainly as 

an introduction to the reader on healthcare operations management.  

Vissers and Beech (2005) define operations management as the planning and control of 

processes that alter inputs into outputs. Their definition of healthcare operations management 

is, as all the required steps taken through designing, analyzing, planning and controlling 

towards providing services for the patient. Rohleder et. al (2013) in a similar manner state that 

healthcare operations management healthcare can be seen as the traditional transformation 

process, where inputs are transformed into outputs and that the inputs into the healthcare 

transformation process consists of the various resources together with technology and patients. 

The healthcare setting is a service driven industry, focusing on patient care. For this reasons 

Boaden and Gemmel (2002) argue that the patient flow through the healthcare system, which 

is characterized by high demand and limited capacity, should be of focus and optimizing these 

flows should be one of the main missions of operations management in healthcare.  

A resource has a certain capacity, which refers resource’s capability to generate production. 

From the perspective of healthcare operation management process, in order to provide 

acceptable service to a patient it must be ensured that enough resources are available at the 

right time (Vissers and Beech, 2005). Healthcare has many resources which consists for 

example of the various staff, equipment and facility resources such as beds and operating 

rooms. To ensure the right amount of resources are available at the time needed, it requires that 

those resources are managed and coordinated appropriately, so that the patients flow through 

them efficiently and effectively A lack of coordination leads to resource shortages which results 

in delays in patients’ treatments. A constant shortage of key resources may then lead to 

bottlenecks in the production and longer waiting times (Rohleder et. al, 2013).  

2.2 Production planning and control in hospitals 

Production in the manufacturing industry relates to reaching flexibility and reliability in 

delivery of goods or services while coordinating the demand with the production supply. The 

aim is most often to decrease delivery times, costs and lead times while increasing revenues, 

profits and throughput (De Vries et. al, 1999). Though production control and planning in the 
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healthcare setting has similar aims, it differentiates from the one which can be applied to 

manufacturing organizations as hospitals and healthcare organizations focus on delivering care 

to patients instead of producing goods or other services (De Vries et. al, 1999).  

Production in the hospital environment is thus focused on the patients and their flow through 

the system, instead of the flow of goods, and how to deliver the care to them in a timely manner. 

Among the key differences between the hospital and the manufacturing industry is that care 

cannot be stocked to inventories as goods in manufacturing systems, and thus an increasing 

demand can only be dealt with by increasing capacity or alternatively having patients wait for 

services. This can be in the form of waiting lists before patients are admitted or in the form of 

in-process waiting times for services after having entered the hospital system. A hospital is 

thus considered a specific type of service organization which is highly resource-oriented, and 

which aims to maximize the utilization of resources to increase production (De Vries et. al, 

1999; Vissers et. al, 2001). 

Production in the hospital environment has specific characteristics that limit managers to 

control the production. Public hospitals do not compete in a normal market environment driven 

by price strategies. The production is thus often, characterized by demand that is larger than 

the supply which can be provided due to restrictions set other policy makers, i.e. in the form of 

financial restrictions by national and regional government (Vissers et. al, 2001).  While the 

production focus is on patients flows, the patients that enter into the hospital system have a 

wide range of various symptoms and illnesses and the severity of their situation differs. Vissers 

et. al (2001) thus argue that concepts of products and processes in the hospital’s environment 

are vague and unclear. The vagueness in the clarification of these concepts, together with high 

variability of different specialties, they argue do thus not allow for a direct application of 

production control approaches. 

The theoretical framework followed in this study for production planning and control in the 

hospital setting is the hierarchical framework developed by Vissers et. al (2005), which is built 

on the previous work of Vissers and others. Their work builds on adjusting operations 

management concepts used in other industries to the hospital setting. Their work touches upon 

the concepts of hierarchical production control, the focused factory concept and optimized 

production technology, which assumes there is a stable bottleneck resource in the production 

system. Further details to the concepts as such will be left out in this review, but the framework 

largely builds on the focused factory concept where the hospital is seen as a virtual 

organization, which consists of units which are to a great extent independent in their operations. 

The application of the focused factory can be viewed from the viewpoint of an organization 

which has a large variety of product ranges each with different market strategies and production 

systems. In order to reduce the variability in the production, the organization is split up into 

units, which specialize on their product range and have their own production system, and 

Vissers et. al (2005) have introduced the concept of patient groups to allow for production 

control principles to be applied within the units. They describe that the categorization of 

patients into patient groups, should thus allow for uniform range of products and a primary 

process based on the product range. With their classification of patient groups, the products of 

the hospital system can be viewed as aggregated products or product groups which makes up 
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for one of their central points of their framework relating to the hierarchical control, which is 

the control of aggregated flows versus detailed control. The other central point revolves around 

the control of patient flow and production units, which they classify as horizontal control. 

As it comes to hierarchical planning and control, most of the identified literature within the 

review done for this study, discusses the different planning levels of strategic, tactical and 

operational levels and the planning decisions for each of these levels. The framework provided 

by Vissers et. al (2005) is a very thorough hierarchical framework for production controls in 

hospitals. Due to the rather thorough and complex nature of the framework, a more simplified 

version of the framework shown by Adan and Vissers (2002), is first provided for the 

convenience of the reader in table 1. 

Table 1: The framework as provided by Adan and Vissers (2002) 

Framework level Type of decision Decision makers Planning horizon 

Strategic planning What is the future 

direction of the 

hospital? 

 Top management 2-5 years 

Main patient flow 

planning 

What will be the 

development of 

hospital activities in 

the next year? 

 Top management 1-2 years 

Capacity allocation How are resources 

allocated to 

specialties or 

departments? 

(lump-sum 

allocation) 

Top and middle 

management 

months – 1 year 

Capacity scheduling How are capacities 

scheduled in time? 

(time-phased 

allocation) 

Middle management Weeks – 3 months 

Operational 

management 

Which patient is 

treated at what 

time? 

Planning  

officers 

Days - weeks 

 

The framework by Vissers et al. (2005) differs from the three planning levels and their 

framework is built on five levels of planning and control as is depicted in table 2 and figure 2. 

For each of the level decisions regarding resources and patient flows are needed as well as the 

coordination between the different levels. Control functions are created for the coordination 

and information sharing, with both horizontal and vertical control functions.  The framework 

thus builds on both a top-down and bottom-up strategy, for coordination within each level and 

between the different levels. The horizontal control function for each level should thus take 

care of the coordination between supply and demand, while in the vertical control functions, 

the boundaries for lower level planning is set by upper levels. The lower levels are thus fed 

with information on the restrictions set by upper levels, but also provide feedback on the 

requirements needed. 
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Table 2:The production control and planning framework by Vissers et. al (2005) 

 

Vissers et. al (2005) further provide a discussion of the decisions that need to be taken at each 

level of the framework, which they further summarize and is depicted in figure 1. 

 

Figure 1: The decision focus for each of the five levels of the framework 
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Figure 2: The theoretical production control and planning framework 
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2.2.1 Capacity management and planning 

Jack and Powers (2009) state that while demand management focuses on controlling or shifting 

demand, capacity management concerns mainly about how an organization can respond to 

variations in demand. Required capacity for a production system is made out of demand, while 

the resources of the production system make up the available capacity. Capacity planning 

involves finding a balance between the available capacity and the required capacity (Larsson 

and Fredriksson, 2019). As the literature review has shown capacity planning is highly involved 

in managing a production system in terms of capacity allocation and scheduling, for providing 

the available resources at the right time and place.  

Both Jack and Powers (2009) and Batun and Begen (2013) mention that the decisions regarding 

capacity planning in the healthcare setting are focused on allocation of key resources such as 

hospital beds, operating rooms, diagnostic or treatment equipment and the workforce. 

However, much of the literature identifies those planning procedures as separate planning 

problems and as such Adan and Vissers (2002) state that admission planning is often 

concentrated on operating rooms’ planning and fails to consider other resources involved.  

2.2.2 Scheduling  

Scheduling is encountered in the literature in several different settings when it comes to 

healthcare delivery. Batun and Begen (2013) mention scheduling in the context of scheduling 

the working hours for the staff, for scheduling arrivals to treatment or diagnostic appointments, 

for scheduling surgeries in operating rooms or for scheduling appointment times with 

physicians at outpatient clinics. The authors further discuss that surgery scheduling, also known 

as scheduling the operating room, and appointment scheduling to be closely related problems. 

Planned starting times are given to be of relevance when it comes to appointment scheduling 

but with the high uncertainty and variability in the service times in healthcare it can be 

challenging to figure out the optimal schedules to be laid out for appointments. The same 

applies to surgery scheduling as it involves the patient’s appointment and the surgery starting 

and service times but also needs to take into consideration other factors. Those factors 

mentioned by Batun and Bergen (2013) are not limited to but include allocation of the operating 

rooms to different surgical specialties and allocation of available time slots to those specialties, 

the sequence of which surgeries are performed in those operating rooms and cancellation and 

rescheduling of the cancelled surgeries. In addition, other resources such as the operating room 

staff and surgical equipment may need to be taken into consideration when it comes to surgery 

scheduling. Latorre-Núñez, et. al (2016) further add to the complications for scheduling 

surgeries that the decision variables include patients’ priorities, that different surgical 

specialties require certain operating rooms and the need to consider the patient’s aftercare. The 

authors further point out in a similar manner that Adan and Vissers (2002) do, that the decisions 

involve the patient mix between emergency and elective patients. The decisions even further 

need to consider patient mix between elective patients between different surgical specialties 

and the number of patients admitted for a surgical specialty each day (Adan and Vissers, 2002).  

Scheduling operating rooms 

Batun and Bergen (2013) describe the surgery scheduling as a three-stage process. At the first 

stage, available times for each operating room needs to be allocated among the various surgical 
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specialties. At this level several factors need to be taken into account such as the forecasted 

demand for each surgical specialty, the availability of operating room staff and other resources, 

and the available operating room time. At the second stage, a time block schedule is created by 

assigning operating room time slots to the surgical specialties, the surgeons or surgical groups 

each day. Lastly at the third stage, the surgeries are scheduled for each day for each of the 

operating rooms. At this stage, the number of surgeries is determined, along with their sequence 

and planned starting times. 

Sequencing and prioritization 

Sequencing and prioritizing are two terms which are closely related and are used a bit 

interchangeably across the literature and will be covered together in this section. For the 

convenience of the reader, prioritization will thus be discussed as choosing patients from 

waiting lists for surgeries and then sequencing will be discussed as a matter of the order of 

surgeries within the day.  

While prioritization in most service industries is often based on first-come-first-served, in 

healthcare the circumstances are often more complex and call for considerations of medical 

severity. Patients waiting for more benign surgeries must those often wait longer while patients 

with more serious illnesses are put in front of the queue (Hopp and Lovejoy, 2013). 

 

 

Figure 3: Prioritization and sequencing 

Sequencing determines in which order surgery cases are performed for a given surgery day. 

Different strategies can be set out to determine the order which surgeries are carried out which 

can affect the performance and efficiency of the system. Hopp and Lovejoy (2013) discuss that 

shorter surgeries have less variability and thus by sequencing those surgeries first within the 

day, it will lead to fewer cases being disrupted if an emergency case disrupts the day’s plan. 

However, longer and more complicated surgeries are more variable and can cause more 

disruptions in the flow but are often justified with the patient’s critical condition. 

Surgery sequencing can though be dependent on several constraints and the desired outcome. 

Overtime and operating room staff workload can be minimized by sequencing longest surgeries 

first and shortest cases at the end of the day, while maximizing the operating room utilization. 

However, surgery cancellation rate also rises, while on the other hand the cancellation rate 
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decreases if shortest surgeries are performed first, but then overtime increases at the same time 

(Beaulieu et. al., 2012) 

2.3 Simulation in healthcare 

Simulation has been applied to different industries and there are several different simulation 

methods that exist such as Agent Based Simulation (ABS), Games and participatory 

simulation, System Dynamics (SD), and Discrete Event Simulation (DES). 

Simulation models have been described as being very useful to use for healthcare delivery for 

several different reasons, and it has been described as the optimal decision support tool to use 

in healthcare. Alvarado et. al (2016) state that simulation models provide an opportunity to be 

used to tackle healthcare problems at operational, tactical and strategic levels but that the 

selection of the simulation methodology must depend on the specific intended application of 

it. While simulation is one of the most popular operations research methods within healthcare 

the different simulation techniques have however been applied to a different degree and the 

different techniques have applied to different scenarios. Simulation models are generally 

classified into two different groups, being deterministic models and stochastic models. 

Deterministic models do not contain an element of probability, and examples of such are SD 

and ABS. Stochastic models on the other hand do account for probability in the models and as 

such suitable to model complex system with great variability, and DES is an example of such 

a model. Sheila and Brailsford (2009) state that there are two kinds of simulation techniques 

who have mainly been used within healthcare, namely SD and DES. Of these two SD have 

been used to simulate the long-term prospects of healthcare systems at a strategic level but with 

less detailed model representation, while DES research has been more focused on details and 

on improving operational performances. More recent research papers show a trend towards 

more use of ABS, games and hybrid simulation methods, of which ABS has become the most 

popular (Zhang et. al, 2018). The authors further point out that ABS has mainly been applied 

in healthcare for the last decade or so. Their study is a systematic literature review of two 

hundred and ninety-four papers using simulation within healthcare. Their study revealed that 

of those studies DES was used in nearly sixty percent of cases which focused on decision 

making and nearly seventy percent of the cases which included, work procedures, patient flow 

or appointment scheduling.  

Moreover, Gunal (2012) describes in his study “A guide for building hospital simulation 

models”, the two views that emerge in building such models. The technical view which 

involves choosing the simulation methodology to be used and then the conceptual view or the 

building of a conceptual model. A conceptual model is described Gunal (2012) as a sketch or 

representation of model that is meant to be built and should come before constructing a model. 

The conceptual model should be independent of the simulation software to be used, but Gunal 

argues that the conceptual model is still dependent on the simulation methodology to be used. 

As such a conceptual model would differ between DES, SD and ABS models. A conceptual 

model should help with defining and understanding of the problem at hand, and to determine 

the modelling objectives as well as its inputs and outputs. In addition, it is necessary to identify 

the system’s boundaries due to the complexity of hospitals as organizations. Building a 
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simulation model that would include all services provided by a hospital would be nearly 

impossible and Gunal stresses that the main task a simulation modeler faces is to decrease the 

complexity to a level at which modelling objectives can be achieved. This can be done by 

modelling a single section or several integrated sections within a hospital.  

Despite arguments by Gunal of building a conceptual model before an actual simulation model 

is built, he discusses that no consensus on how such a model should be built, what are the best 

ways to represent such models or what tool should be used for it. Gunal’s study points out the 

work carried out by others, by using component lists, process flow diagrams, logic flow 

diagrams, and activity cycle diagrams. Further discussion on process mapping and process 

mapping approaches is given later in this chapter. 

2.3.1 Discrete-Event Simulation 

DES has been described as one of the most applied operations research methods used in 

healthcare (Lal et. al, 2015; Uriarte et. al, 2017) and is described by Hamrock et. al (2013) as 

a computerized method which imitates the operations of a real-world system over time. The 

authors state its advances as an evidence-based tool which can be used to explore operational 

solutions to help decisions makers before implementation into a real-life scenario.  

DES models are of stochastic nature and as the method name indicates are applied to model 

systems that change states in discrete points in time. DES models the individual entities in a 

system and the models often have the structure of a queueing network. Gunal (2012) argues for 

DES as a strong method for tracking the entities which changes state over time and compete 

for the available resources, and thus inherently form queues within a system. Brailsford (2007), 

describes the queuing network with the application of DES, as individual entities flowing 

around in a network of queues waiting for services, similar like patients of the healthcare 

system join waiting lists for their treatments or appointments. Sheila and Brailsford (2009) 

discuss DES as an appealing method to use in the healthcare setting it provides the possibility 

of to give the entities within the model all of the necessary human characteristics of gender, 

age, diagnosis, disease status or whatever level of detail that may need to be modelled. They 

further describe the complexity and stochastic nature of healthcare systems as an opportunity 

to use DES to predict and even optimize such systems. 

Hamrock et. al (2013) provide a thorough description of the concept of DES model within the 

healthcare setting which is further depicted in figure 4. The standard inputs into the DES model 

include the entities that flow through the system, with patients being the mostly commonly 

modelled entities in healthcare. The resources process the patient entities through the system 

and include amongst other nurses and physicians. The patients are processed in the system by 

the resources at physical locations, such as operating rooms and beds. Arrival rates are another 

input into a DES model which defines the patient volume. The arrival rate defines the rate of 

which the patient entities arrive at a location and include scheduled appointments and the rate 

at emergency patients arrive at the hospital. Service times then define the amount of time which 

the resources need to process the patient entities at the set locations. In a DES model both 

arrival and service rates are entered in the form of probability distributions to take into 

consideration the natural variability in the operations. The processing logic then sets the rules 

for interaction and how the entities flow through a system.  
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The outcome of a DES model is the output or the performance measures, which often include 

throughput of patients, utilization of beds or other resources, waiting times or staffing 

utilization. Improvement efforts can then be focused towards the objectives of the performance 

measure and include for instance, improving patient flow, managing bed capacity, scheduling 

procedures and admissions or scheduling staff. Within the inpatient setting, Hamrock et. al 

(2013) discuss that models of bed capacity, bed allocation and length of stay have been highly 

focused on when it comes to the DES methodology. Moreover, Hamrock et. al (2013) do stress 

the importance of not focusing on more than two to three objectives for in a simulation project.  

Hamrock et. al (2013) further describe the process of building a DES model as an eight-step 

process, as depicted in figure 5, from specifying the simulation objectives towards making 

recommendations for improving efficiency to healthcare managers and decision makers. 

Cai and Jia (2019) describe the process of building a DES model in a similar manner as a seven-

step process of defining the objectives, collecting and analyzing data, process mapping, 

building the model, running simulation scenarios, analyzing the results and finally designing 

and planning decisions. Their approach to the process of building a DES model is in most ways 

similar to Hamrock et. al (2013) apart from leaving out the step of verification and validation 

of the model. But they add to it, by discussing the possibility of building the process logic in 

DES by visualizing the hospital workflow with process mapping.  

Authors have described DES models as the ideal decision support tool for modelling at an 

operational level and research have included the use of DES for resource allocation, staff 

scheduling, design of healthcare facilities and for scheduling patients and procedures in 

outpatient and surgical units (Hamrock et. al, 2013). 

Figure 4: The concept of a DES model as depicted by Hamrock et. al (2013) 
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Figure 5: The eight steps of building a DES model according to Hamrock et. al (2013) 

Advantages of DES modelling  

While some of the advantage of using DES in the healthcare setting this section will seek to 

highlight the advantages of applying DES as a method to simulate in this environment. Gunal 

(2012) provides a very thorough description of the advantages of DES, with the first one the 

flexibility of DES in scalability when it comes to the level of details. As such most the available 

DES software solutions support the modeler to build the level of detail needed and can as such 

be extremely detailed or less detailed. Further flexibility is added in the simulation software by 

embedding programming languages in the software solutions. Secondly Gunal describes the 

individual patient focus, that in DES models individual patient behavior can be modelled. As 

such it is possible to track individual patients as they move through time in their treatment 

processes. Thirdly is the advantage of the ease of modeling variations and stochastic elements 

which are to be found in hospital systems. These include patients’ length of stay, the 

randomness of the arrivals of emergency patients and variations in clinical appointments. The 

next advantage Gunal addresses is modularity of components used to build models in DES and 

as a result the reusability of the components. This function of DES can thus be used to address 

the complexity of hospital processes as whole components can be used and reused to represent 

for instance a hospital ward. Gunal also discusses the advantage of using DES for modelling 

complex queueing mechanisms and can as such be used to model waiting times within the 

hospital system including priority queues and network of queues. The final advantage 

addressed by Gunal is the visual representation of patient flows within DES models. With 

visibility features such as animation, DES can be used as a tool for communicating with the 

users and help to gain an understanding of the hospital system. 

Sheila and Brailsford (2009) agree to a great extent to the advantages that have been described 

and further add to the list by discussing the wide range of software solutions and the maturity 

of the DES modelling methodology. 

Finally, there have been technological enhancements in simulation software in recent years 

which allows for using optimization as a part of simulation software solutions (Brailsford, 
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2007).  Lal et. al (2015) describe the technique as a way to find solutions to problems that have 

vast number of possible scenarios and assessing the trade-offs between those. The literature 

review done for this study, indicated that applications of optimization was most often used in 

combination DES, but other simulation methods, especially ABS, have been used as well.  

DES applications to healthcare 

DES to support bed management 

Landa et. al (2015) used discrete event simulation to support bed management decisions. Their 

aim was to develop a model to support bed management decisions by taking into account the 

interrelationship of flows of both emergency and elective admissions into inpatient wards. They 

argue that with variation in patient arrivals, it is not enough to consider average arrival 

distribution patterns as such can result in admission delays and cancellations. Their study thus 

includes arrival patterns within certain time windows.  

Their study explores the effect of applying different bed management rules by means of 

performance metrics including; the bed misallocation, where patients are allocated beds in the 

wrong ward, the bed utilization rate, postponement of elective patients and waiting time for 

admission. Their study showed a large variation in arrivals between weekdays and weekends 

but was considered less when a particular time windows were considered. It thus showed that 

admission into inpatient wards were highly concentrated towards the first days of the week, 

while discharges were most in the days before the weekend. It additionally showed that elective 

patients had on average greater length of stay and were mostly admitted at the beginning of the 

week, while emergency patients were more equally distributed throughout the week. 

The study concludes that by applying time windows together with decisions of postponing 

admissions until a bed becomes available and looking ahead on the expected number of elective 

patients to be admitted during the day, there was a severe reduction in the misallocation of beds 

and postponements of elective admissions. 

Integrating DES modelling and mobile application to improve patient flow 

Taaffe et. al (2016) created a solution to improve patient flows by connecting a DES model, 

created with the use of the Rockwell Arena simulation software and a web-based mobile 

application for the use mobiles with the Android operating system. Their aim was to develop a 

tool to imitate the flow of patients through the care process to provide end users, that is the 

hospital staff with solutions to understand how patient flow changes as the staff complete their 

scheduled tasks. Their aim was additionally to improve communication and coordination 

between the various hospital staff.  

Their solution is an interconnected simulation model and mobile application, where the end-

user makes limited usage of the simulation model itself. The authors discuss that hospital staff 

require information on the go and be able to communicate and coordinate with other 

stakeholders due to their mobile and flexible tasks. They furthermore argue that simulation 

alone does not capture the real time interactivity between hospital staff. The web-based mobile 

application is capable of seizing, analyzing and reporting patient-flow data and allows hospital 

staff to view and manage patient’s information and status, depending on the staff’s access rights 

according to their login information. As such the mobile application provides a solution as an 
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information dashboard, which can be used to display real-time information on patients and the 

daily performances, for both frontline-staff and hospital managers. The application can provide 

comprehensive information on each patient in the system and its flow through the systems, 

including the scheduled operating room, the responsible staff and their task assignments, 

scheduled surgery start times and checklists for surgeries and aftercare. 

2.3.2 System Dynamics Simulation 

SD models as opposed to DES models are deterministic models with a less detailed model 

presentation and have been used for a system wide perspective (Sheila and Brailsford, 2009; 

Gunal, 2012; Zhang et. al, 2018). The SD modelling methodology is built on systems theory 

or systems thinking and builds on feedback within the system.  

SD belongs to the group of continuous models, where variables change continuously with time. 

SD models do not model individual entities as is done in DES, but models by considering 

aggregates of entities, that it is by groups of individual entities (Brailsford et. al, 2014). A 

fundamental difference from DES and a key advantage of SD models is that all outputs from 

SD models are identical if the same input is used. As such these models can be run extremely 

quickly as they do not require multiple iterations and could thus be as a real time tool to be run 

interactively with decision makers (Brailsford, 2008).   

SD models are a tool to be used at a strategic or aggregated level and Dangerfield (1999), 

describes the SD models to be useful for two main purposes. One being for persuasion at a 

national or regional level, and as such has been used to address the changes in supply and 

demand in a healthcare system over longer periods of time. Secondly, he discusses the purpose 

of using SD to provide a frame or the bigger picture to layout the evaluation of tactical 

initiatives to be taken.  

2.3.3 Agent Based Simulation 

ABS is a method capable of modelling dynamic, adaptive, and autonomous systems as 

described by Gunal (2012).  ABS models are deterministic models as SD models, but do not 

function on an aggregated level as in SD but rather focus on the individual level as in DES. 

The individual entities as referred to in DES, are called agents in ABS.  An ABS model has 

three elements as described by Gunal (2012), agents, interactions and an environment. The 

agents are at the center of an ABS model and are autonomous and capable of communicating 

with other agents. The interactions then define the relationships between the agents and in the 

environment, rules can be defined. The agent evolves as it senses its environmental 

surroundings and thus learns and adapts according to experience. Mustapha and Frayret (2016) 

describe this as the communication patterns and decision making capabilities of the agents and 

argue that ABS is well suited in the frame of operations management within healthcare because 

of the interactions of many actors. As such an ABS model can capture the individuals in 

healthcare, their decision making and their interactions. 

Despite the growing application of ABS models in healthcare it is still not being applied to a 

great extent. Zhang et. al (2018) however discuss the usability of ABS models at operational, 

tactical and strategic level while the literature indicates that DES are best used at operational 

level and SD at a strategic level. The ABS method is a relatively new technique and has mostly 
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been applied in healthcare for the last decade or so, as stated by Zhang et. al (2018) but is 

mentioned across the literature as a very promising method to be applied within healthcare. As 

such Bilge and Saka (2006) argue that within the complex environment of healthcare it requires 

healthcare tools such as ABS which can handle the complexity.  

2.3.4 Comparison of DES, SD and ABS 

Gunal (2012) provides a good comparison of the DES, SD and ABS modelling methods which 

is further listed in table 3 for the convenience of the reader.  

Table 3: Comparison of DES, SD and ABS simulation methods as depicted by Gunal (2012) 

 

2.4 Trends, opportunities and challenges of simulation in healthcare 

The trend of using different simulation methods in healthcare to a greater extent, such as ABS, 

together with a trend towards using simulation in combination with optimization, rises from 

the availability of increased software solutions and capability of computers and the simulation 

models to address complex problems (Almagooshi, 2015; Lal et. al, 2015). Almagooshi (2015) 

further states a trend towards using high-level simulation models which require less 

programming efforts and come with graphical user interfaces, requiring less technical 

expertise. This trend provides an opportunity of using visualization techniques for 

representation of information which can assist with decision making. Although few studies 

were found in the literature, an even newer trend towards modeling is incorporating simulation 

models with other decision support tools, requiring very minimum effort by the end user with 

interact with the simulation model itself.  

Brailsford (2005) states that very few simulation projects in healthcare end with successful 

implementation with lack relevant data being one of the major issues towards implementation. 

Several studies have identified the challenge of lack of data or the quality of data (Sheila and 

Brailsford, 2009; Young. et. al 2009; Almagooshi 2015; Alvarado et. al 2016).  

Sheila and Brailsford (2009) state that data availability is a challenge in every simulation 

project within healthcare. They claim that data is not collected for modelling purposes nor for 

analyzing existing systems, but rather for clinical, administrative and legal purposes. They 

further discuss the need to encourage hospital managers to automatically collect data for 

simulation purposes. The collected data needs to capture activity times of various surgeries 

with categorization of procedure codes. It further needs to include other attributes as patient 

demographics, in which this kind of data can be used to distribute surgery times by estimating 

the service times. Alvarado et. al (2016) in a similar manner discuss that one of the greatest 

challenges to simulation efforts is accessing and collecting data of high quality and that some 

healthcare organizations may not have automated data collection of the information a 
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simulation model requires. Almagooshi (2015) on the other hand points out that the extent of 

data, quality of data and storage of data which have historically been of concern, but while that 

unavailability of data in electronic format had been problematic in the past there has been a 

huge growth in healthcare information systems that store data. Further Almagooshi points out 

that though more data is being stored in healthcare information systems, it has emerged another 

problem of connecting the data stored in these systems to the actual simulation software. 

Almagooshi discusses the use of real time data versus historical data for simulation purposes 

and points out the need for connecting the stored data to simulation software in order to access 

real time data. Barjis (2011) mentions in a similar manner the possibility of a healthcare 

simulation models to be embedded with information systems to improve performances, which 

are based on the real data that have been gathered from those information systems. 

Sheila and Brailsford (2009) discuss the challenge of modelling human behavior, that is the 

problem of modelling human interaction and communication. They discuss for instance the 

decisions made by physicians regarding patients’ treatments being dependent on updated 

information on the patient’s condition and results from previous tests. They discuss the 

necessity of these information being updated as it affects how the ongoing treatments to be 

scheduled are dependent on the decisions by the physicians. As such model needs to be able to 

capture the accurate state of the patient’s situation and symptoms and how these affect the 

decision making process as they proceed with further patient treatments and activities. 

Sheila and Brailsford (2009) further discuss the capability of simulation models of seizing the 

decisions made by individuals, such as a manager's response to overcrowding. They argue that 

the model must be able to capture the decision of a closure of the department as it changes to 

the working structure of the department, however their study does not include any proposition 

on how to effectively include a person's decision into a simulation model.  

Sheila and Brailsford (2009) further discuss that healthcare systems have many different 

stakeholders involved, each with their own ideas of how to operate the systems. Identifying the 

right stakeholders, is an important step towards subsequently building a team for collaboration 

(Young et.al, 2009). Building the right team for collaboration is a necessary step in developing 

a healthcare simulation model as the systems are too complex for one person to develop such 

a model, collect and analyze data, run and verify the models and handle all tasks involved in 

the process (Sheila and Brailsford, 2009). A team collaboration has been identified as challenge 

towards how the team can work together and understand each other approach to problem 

solving. Sheila and Brailsford (2009) further state that nearly all successful simulation projects 

are pursued by a team of modelers and healthcare staff which are experts within their domain.   

Alvarado et. al (2016) further discuss that facility access is a necessary step towards building 

a healthcare simulation model. In order to gain an understanding of the problems which are to 

be modeled, it is necessary that the modeler must have a good overview of the system, facility 

layouts, processes and procedures so the model can capture the reality of the system. They state 

that facility access can be problematic without the right clinical collaboration and further state 

that clinical collaborators may have limited authority themselves.  
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2.5 FACTS analyzer and other software packages for simulation 

FACTS analyzer is a simulation software solution which stands for Factory Analysis and was 

developed in Sweden through with the help of funding from VINNOVA, a Swedish innovation 

agency and support from the automotive industry. The software was developed for the 

manufacturing industry with the aim to motivate the use of simulation in early phases of factory 

or production system design (Ng et. al, 2007). The software is a simulation-based optimization 

solution, which uses the DES modelling method and comes with a built-in feature of multi-

objective optimization. The developers present the software as a tool which with a unique 

graphical unit interface which is able to rapidly build models with drag and drop features of 

modelling objects. The software can thus easily be used to evaluate different design alternatives 

and features a built-in input data management and output data analysis. As such the simulation 

software is presented with built-in functions for automatically detecting bottlenecks and the 

capability to automatically provide suggestions for which decision variables can be improved. 

The simulation software additionally does not require any programming for the built-in 

solutions, but however the newest version of the software includes with integrated C++ 

programming for building customized solutions (Evoma, 2019) 

When it comes to the choice of software solutions FACTS analyzer has many advantages as a 

simulation software package but however also has the disadvantage that it only contains the 

DES modelling method. According to Zhang et. al (2018) NetLogo, Arena and AnyLogic were 

among the most frequently applied simulation tools for the cases that their systematic literature 

study included. A detailed review of these simulation packages will not be included in this 

study, but the reader will be provided with a brief explanation of their use. NetLogo is a 

simulation package which offers only the ABS modelling method and is an open source 

software and is free of use. Arena is a simulation software package developed by the industrial 

solution provider Rockwell Automation and is according to the literature review one of the 

most used software packages for DES modelling methods. The Arena software only provides 

the option of DES modelling similarly as NetLogo only provides the ABS method. 

Furthermore, the literature indicated that AnyLogic was the only software solution package 

which offered a tool using DES, SD and ABS modelling methods. The AnyLogic software also 

has the advantage of including the possibility for using built in optimization as a part of the 

software solution.  Mackay et. al (2013) state that AnyLogic now provides an option for multi-

method modelling, which was not easily performed before. The software thus provides an 

option to combine all the three methods of DES, SD and ABS modelling methods. Mackay et. 

al (2013) further argue that the choice of modelling method should be based on the system that 

is supposed to be modeled, but that complicated dynamic systems require modelling efforts 

using different methods, that is multi-method or hybrid modelling. Brailsford (2007) states in 

a similar manner in his study that, if it was possible to develop a methodology combining the 

advantage of detailed modeling at individual level using DES and the whole-systems strategic 

view of SD, such methods would proof very beneficial for healthcare modeling. 
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2.6 Process mapping 

When it comes to process improvement, process mapping has been identified as one of the four 

tools that are most commonly used (Siha and Saad, 2008) and further Dolan (2003) claims that 

the use of process mapping is a best application towards process improvement.  A process map, 

which also has simply been named a flowchart, can be used as a tool for understanding the real 

processes quickly and efficiently (Heher and Chen, 2017). It is further explained by Heher and 

Chen as a tool to help explaining and visualizing all the necessary steps of a process with 

graphical diagrams by representing the sequence of actions.  

Process mapping is a tool used both for analytics and process intervention and can be used for 

both radical and incremental changes. As an analytical tool, process mapping analyses tasks by 

providing the visual diagrams of how work activities are carried out. As a process intervention 

it is in a sense activity learning where cross-functional units are provided with a tool which 

helps them understand the interdependent relation between them, providing a basis for 

discussion between the units, for improving the system (Kalman, 2002). Siha and Saad (2008) 

further add that process mapping is a powerful for improving efficiency, and as such its 

advantages lie in identifying bottlenecks, unnecessary steps of the process, root causes of 

problems and poor utilization of resources 

While healthcare makes use of many different process improvement methods such as Six 

Sigma and Lean, process mapping has become a more prevalent tool and has started to act as 

a primary role in improving quality and operational efficiency (Heher and Chen, 2017).  

2.6.1 Process mapping approaches 

Jacka and Keller (2002) agree to the previous discussion of the work by Gunal (2012), which 

pointed towards process mapping, but stated there is no consensus on how to build a conceptual 

model. Jacka and Keller (2002) state that various process mapping approaches have been used, 

but there is no clearly defined approach to process mapping nor the right or the wrong approach 

to it. Literature review on process mapping seems to reflect in the authors’ statement as no 

clearly defined or generally accepted model or framework for process mapping was identified. 

While Gunal’s study (2012) discusses the possibility of building conceptual model on the go, 

as most recent simulations software is capable of doing so, he argues that process flow diagrams 

are the best choice for modelling patient processes in a hospital. Gunal further argues that 

process maps can be quickly and easily built and provide a good understanding between experts 

and non-experts. 

Most of the literature handles process mapping as several step procedure, in most cases 

consisting of five to eight steps of mapping the process. Generally, the initial steps involve 

preparation, planning, identifying or defining the process or the scope (Kalman, 2002; Jacka 

and Keller, 2002; Trebble et. al 2010; Heher and Chen, 2017) and other steps often consist of 

data collection and analysis, interviews or observations and constructing the actual map.  

The literature review on process mapping further pointed an improvement guide to be used 

within healthcare issued by the NHS Institute for innovation and improvement. The NHS 

“Mapping the process” improvement guide lists different approaches that can be used to help 

with mapping out patient flow: 
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1. Conventional process mapping 

“Approach that enables to look for opportunities for improvement by visualizing how 

the whole patient journey currently works and identifying points of inefficiency” 

(NHS, 2017a) 

2. Value stream mapping 

“Approach that goes into more detail than conventional process mapping and also has 

a specific emphasis on which steps within the process add value to the patient” (NHS, 

2017a) 

3. Spaghetti diagram 

“Approach that helps to establish the optimum layout for a department or ward. Its use 

exposes inefficient layouts and identifies unnecessary distances between key steps” 

(NHS, 2017a) 

4. Mapping the last 10 patients 

“Approach that uses patient files to identify variation in journey times, helping you to 

understand what is happening in the pathway and how this can vary from patient to 

patient” (NHS, 2017a) 

5. Process templates 

“Approach that provides you with a visual representation of what happens to one 

patient as they go through a process, measured in time which can aid in identifying 

constraints or rate limiting steps” (NHS, 2017a) 

6. Tracer study 

“Approach that helps you to understand processes around paperwork and information 

flows, identifying hidden bottlenecks in processes that run parallel to the main patient 

journey processes” (NHS, 2017a)  

After review of NHS’ improvement guides, it was found likely that conventional process 

mapping and value stream mapping could prove helpful for mapping out the processes.  

Conventional process mapping 

Conventional process mapping enables one to capture sources of duplication and unnecessary 

steps, variations and waste by visualizing the process and the current situation of pathways. 

The activity of conventional process mapping should involve a range of people from across the 

pathways for discussing the actual steps in the patient journey in order to identify what in the 

process work efficiently and what works less well. The conventional process mapping should 

be used before any service changes are implemented for gaining a better understanding of what 

the whole patient pathways looks and work like. It should also be a good tool for building good 

working relationships within the team and across organizational and functional boundaries 

(NHS, 2017b). 

Value stream mapping 

The concept of value stream derives from the Lean approach and is focused towards adding 

value to the process. Value stream mapping is very similar to conventional process mapping 

but if often more detailed and has more emphasis on the steps of the process that add value for 

the patient. Value stream mapping enables one to analyze the current state and then goes on to 
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a future state of the process by focusing on how value is added and delivered to the patient. 

Just as with conventional process mapping, value stream mapping should be used to understand 

the steps of the patient pathway and can be a helpful approach when looking at the high-volume 

pathways that flow through the healthcare system. This mapping approach stresses the 

importance of mapping the current state before making any changes to the process or services 

and is often used for rapid improvement changes (NHS, 2017c). 

2.6.2 Creating a process map step by step 

While there was no generally accepted approach found in the literature review, it is necessary 

to follow some sort of guideline for mapping out the process. It was thus chosen to use Heher 

and Chen (2017) sex step procedure towards creating a process map to provide a guidance for 

the process mapping procedure.  

Step 1: Select the process and define the scope 

Without a well-defined scope, a process map can become very complex. The scope needs to be 

kept clear and at the right level to avoid unnecessary work in the process mapping procedure. 

The authors thus list different questions in order to begin the procedure and to prevent 

unnecessary work; what processes should be looked into?, where does the workflow start and 

end?, what level of detail is required in the process chart? 

Step 2: Identify stakeholders and engage frontline staff 

The authors state the significance of identifying different stakeholders in the process and 

inviting representatives from each involved area as process maps should be a product of 

collaborative intelligence. Frontline staff should in particular be encouraged to participate as 

they are the ones closest to how the workflow and hold critical information on it.  

Step 3: Conduct a brainstorming session with sticky notes  

Schedule a session which involves every stakeholder, with the purpose of the brainstorming 

session that everyone identifies and notes down all the steps that may happen in the workflow. 

Each participant should be asked to write down in detail their activities where one sticky note 

represents one step or activity. Once all the steps or notes have been gathered it should be 

arranged in the correct order to reflect the real-life workflow, how identities flow through the 

process. The authors mention that mapping the process is almost impossible to create right for 

the first time, and using an iterative cycle is useful by getting out a first draft and then make 

revisions later if necessary.  

Step 4: Validate the draft process map by walking the gemba 

Gemba is a Japanese term that originates from Lean methodology meaning “the real place”. To 

walk the gemba thus means to walk where the real work is conducted in order to see how 

processes are carried out. Using direct observation of the actual workflow is useful to validate 

that the process map precisely represents the real work being done. Walking the gemba could 

identify variations in the workflow or discrepancies from brainstorming sessions.  

Step 5: Finalize the process map into an electronic version 

One of the final steps is to finalize the process map into an electronic document. The authors 

recommend using one of the most popular programs MS Visio, as being highly capable of 
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mapping for complex professional process maps. The authors additionally point out various 

other software products which can be used for creating an electronic process map. 

Step 6: Evaluate the current workflow and form plans for next steps 

By looking into the process map, it can be used to evaluate the current situation and to help 

identify any issues which could be related to the workflow. If necessary, the map can be used 

as a basis for performing further analyzing of cycle times or value streams. Once the process 

map has been finalized, it could be used as a basis for planning and targeting quality 

improvements. 
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3 Method 
This chapter describes the methods which were selected for the purpose of this master thesis. 

The chapter describes the research approach, design, strategy, data collection methods and 

considerations related to chosen theoretical framework, quality of the study and ethics. 

3.1 Research approach & design 

This section describes the research approach and the research design taken for the purpose of 

this thesis. This study is a case study which uses a mixed method approach of qualitative and 

quantitative methods.  

3.1.1 Mixed method research 

While much of the effort of this master thesis is to gain an understanding of the processes and 

the decisions currently being taken at Uppsala University Hospital, the future aim is to build a 

simulation model to be able to take better decisions regarding surgical operations. While using 

qualitative methods such as interviews to gain a thorough understanding of the processes at 

Uppsala University Hospital, quantitative methods have been used as well to gather data and 

further description of these methods used is provided in this chapter. A mixed method of 

qualitative and quantitative approaches was taken for the purpose of the paper.   

The mixed method approach combines qualitative and quantitative methods in order to fill the 

gap when the researcher cannot rely on either method alone (Bryman and Bell, 2011). The two 

different methods are those used as a supplement for the weaknesses either method contains 

and Bryman and Bell (2011) further discuss how to classify mixed methods research in terms 

of priority and sequence. Facilitation is one of the classifications, in which the one research 

approach is employed and thought of as to aid the research with respect to the other approach 

taken. The facilitation approach is taken in this master thesis, in which the qualitative approach 

is the main way of collecting data while the quantitative approach is the supplementary and the 

subsequent method taken.  

3.1.2 Case study 

The research design of this master thesis takes the form of a case study as it is originated by 

and performed in cooperation with Uppsala University Hospital. A case study often entails an 

in-depth analysis of a single case and as such is focused with the specific nature and complexity 

of the case in question (Bryman and Bell, 2011). Case studies can be performed by using both 

qualitative and quantitative methods, although often favoring the qualitative approach as it is 

focused towards mutual understanding between parties of the research. A case study should be 

chosen when there is an opportunity to learn and intrinsic cases are undertaken to gain an 

insight into the distinctiveness of a situation (Bryman and Bell, 2011). The collaboration with 

Uppsala University Hospital for this master thesis and the desired outcome, provided a good 

opportunity for carrying out an in-depth case study. 

3.2 Research strategy 

Bryman and Bell (2011) discuss that two main research strategies are often mentioned when it 

comes to research, namely inductive and deductive strategies. Inductive is often linked to 

qualitative research, while deductive is often linked to quantitative research. Theory is 
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generally thought of as the outcome of a research by using an inductive strategy, or in other 

words that empirical data will guide the researcher towards generation of theory behind the 

findings. Vice versa, by using deductive strategy the theory will produce the empirical findings. 

The distinction between the two strategies is not clear cut, and induction may entail some 

elements of deduction and vice versa. Both inductive and deductive strategies are thought to 

take a linear approach (Bryman and Bell, 2011). 

Bryman and Bell, (2011), further discuss that the abductive research strategy approach has 

become more popular in management research, which allows for interaction and iteration 

between the empirical data and theory. Blomkvist and Hallin (2015) discuss that by using the 

abductive approach, the researcher is influenced by understanding of empirical data in how the 

literature is read, and vice versa. They further discuss that the disadvantage of this approach is 

that analysis can take a long time, as reading up on new theories is in order to understand the 

findings occupies much of the researcher time. 

Abductive strategy was chosen for the purpose of this master thesis which. One reasoning for 

choosing this approach is that the researcher had very limited understanding of hospital 

operations and how surgery planning is performed. Choosing this approach allowed for start 

exploring the existing literature to guide towards the setup and structure of observations, 

interviews and process mapping but allowed for data collection to interact back and forth with 

theory as more understanding of the operations was achieved. As such the aim of this master 

thesis is not to generate new theory, but rather to use the existing literature to guide the 

collection and analysis of data.  

3.3 Study methods 

This section describes the study methods used to collect data for this master thesis both 

qualitative and quantitative methods. The study methods include interviews, observations and 

studies of organizational documents. The qualitative methods taken were interviews and 

document studies about the organization. Non-participant observations and document studies 

of data provided by the organization account for the quantitative method. One observation was 

however carried out as participant observation which is generally considered a qualitative 

approach.  

The used study methods have all contributed to the findings of the study and proved helpful to 

discover and understand how the decision making process in the hospital setting is laid out and 

how it could be improved. The methods used have further generated knowledge on how 

technology can be used to assist with the multiplex decisions that need to be handled when it 

comes to surgery planning.  

3.3.1 Document studies 

Studying of documents can cover a very wide range of different sources and a researcher may 

use different kinds of documents for empirical data. These sources can derive from diaries, 

letters, emails, photos, official documents, organizational documents, mass media outputs or 

virtual outputs (Bryman and Bell, 2011; Blomkvist and Hallin, 2015). These multiple sources 

of data can be of both public and non-public nature. For the purpose of empirical data gathered 

for this master thesis two different sources of documents have been used. The qualitative part 
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consists mainly of public data which was used falls under the category of virtual outputs, and 

is material gathered from the internet to introduce the reader to the organization and to support 

the case description. The second source of data is non-public organizational documents, these 

were various analytical documents and data files regarding surgeries and care days retrieved 

together with strategic and working documents created by the hospital. The documents were 

used to gain an understanding of the current situation at the hospital and to provide direction 

on how the organization’s problems could be improved. It should be stated that while some of 

the non-public organizational documents are provided in this study, other documents were not 

received in electronic format and are not shown as part of this study. 

3.3.2 Interviews 

Two types of interviews can be carried out using a qualitative method, referred to as qualitative 

interviews, namely being unstructured and semi structured interviews. The qualitative method 

allows for a very flexible approach for conducting interviews and the interviewing process can 

become iterative, as interviewees may be interviewed on more than one occasion or even on 

several occasions, as opposed to being generally only carried out once in quantitative research 

(Bryman and Bell, 2011). Using the qualitative approach was found appropriate for the purpose 

of interviews in this thesis as the collection of empirical data needed to give a deep insight into 

the processes at Uppsala University Hospital. 

At the initial stages of this study, it was unclear if interviews would need to be carried out with 

interviewees on more than one occasion, but the result was mainly to interview each participant 

once. And while most of the interviews carried out for the purpose of this study were semi-

structured interviews using an interview guide, the only two interviewees who were 

interviewed twice were interviewed the second time in an unstructured way. This was in the 

pure form of a conversation, to gain an even deeper understanding of the processes and 

decisions made. 

All interviews were recorded, with the consent of the participants, and then later transcribed. 

The first interview was carried out in the beginning of March and the last one towards the end 

of April, and each interview lasted between 60 and 90 minutes. 

Semi-structured interviews 

In the semi structured approach, the researcher should have prepared a list of questions of which 

is often referred to as an interview guide, but the flexible approach of the qualitative methods 

allows questions to be asked in different orders and flexibility in the interviewees way of 

replying (Bryman and Bell, 2011). The semi structured interview approach was the main 

method used for this master thesis and interviews were conducted using an interview guide. 

Two different interview guides were constructed as a result of the different roles the 

participants had within the organization and were thus aimed to answer questions both at 

strategic and operational levels. The two interview guides can be found in Appendix A. 

However, as the research is carried out using an abductive strategy, the first interview guide in 

Appendix A was used to interview several different participants and has as such been modified 

and adjusted during the research process to gain an even better insight into the processes.  
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Unstructured interviews 

The unstructured interview has the tendency to be very similar to a conversation and the 

researcher can respond to and follow up on topics brought up by the interviewee (Bryman and 

Bell, 2011). The unstructured interview approach was used on two occasions for the purpose 

of this study and took the form of a pure conversation with no formally prepared questions by 

the researcher. This method allowed for a deeper understanding of some of the topics which 

had been brought up in the previous interviews, using the interview guides in Appendix A. 

3.3.3 Observations 

Bryman and Bell (2011) discuss the major type of observations; unstructured observations and 

structured observations which is also referred to as systematic observation. Bryman and Bell 

(2011) further categorize non-participant observation, participant observations and simple 

observations as the major types of observations which are often used in conjunction with the 

terms of structured or unstructured observation. Both participant and non-participant 

observations have been used for the purpose of the case study and the methods used are 

described below. Furthermore, Bryman and Bell (2011) discuss the two approaches 

observations can take, being covert observations where the researcher does not disclose the 

purpose of the observation to the observers and overt observation where the researcher does 

not conceal the purpose of the observation to those involved. This study has made use of the 

overt approach to observations in all cases. 

Participant observations 

Participant observation is most often unstructured and is mainly associated with qualitative 

methods used to gain a deep understanding and record as much detail as possible. Participant 

observation involves interacting with those being observed without doing any work with those 

being observed (Blomkvist and Hallin, 2015). Participation in observations can vary but 

generally involves having informal discussions and asking questions.  

Participant observation was used on one occasion for the purpose of this study and was done 

to supplement the interviews by observing the daily planning within the operating rooms area 

to gain a better understanding of the activities being carried out. The observation was carried 

out in an unstructured way but gave detailed information on the daily planning. 

Non-participant observations 

Non-participant observation on the other hand is most often structured and is generally thought 

of as being a quantitative approach. As the name of this type of observation indicates, the 

researcher does not take part in the particular social setting but is merely an observer (Bryman 

and Bell, 2011). 

The data collection from this part consists of non-participant observations of the two types of 

meetings that were attended. Those were the weekly coordination and production planning 

meetings. Both types of meetings were observed on several occasions and were observed to 

gain an understanding of how decisions are currently taken. This method can be used to prepare 

and supplement the interviews and gain a better understanding of the procedures. As such the 

observation of the coordination meeting was useful to collect data to prepare the interviews 

and supplement those at later stages while observing the production planning meeting was 
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helpful to understand decision making for production planning and for collecting data for 

process mapping and preparing interviews during the later stages of this study. 

3.4 Data analysis 

This thesis has used multiple study methods, and as a result there have been multiple methods 

used to interpret and analyze the gathered data. Most of the data gathered has been constructed 

from the interviews conducted. To analyze this data, the findings have been analyzed with the 

literature review performed using a thematic analysis, which is one of the more common used 

methods for analyzing qualitative data (Bryman and Bell, 2011; Blomkvist and Hallin, 2015). 

Thematic analysis and coding are mentioned as closely related in many business researches by 

Bryman and Bell (2011), and the procedure used in this study together with the abductive 

strategy has allowed the researcher to look for thematic elements in the analysis of the 

interviews conducted. By interacting between the theory and empirical findings it allowed for 

the development of interviews as the previously gathered data was analyzed for better 

understanding of the operations. Process mapping was then used as a method to analyze the 

data from interviews to gain a further understanding for the researcher of the operations and to 

communicate the understanding of operations with some of the interviewees. 

For the study of organizational documents, the documents have been of both qualitative and 

quantitative nature. Most of the analysis performed has been done using secondary data 

analysis. Secondary analysis is described by Bryman and Bell (2011) as the analysis carried 

out by a researcher who has not been involved in the collection of the data. There are further 

two kinds of categories when it comes to analyzing secondary data according to Bryman and 

Bell (2001), being secondary analysis of data that has been collected by other researcher and 

data which has been collected by organizations for their business purposes. The secondary 

analysis carried out in this study is focused on the analysis of data which has previously been 

collected by Uppsala University Hospital for the purpose of the organization’s business. 

Bryman and Bell (2011) mention that the advantages of secondary data analysis may be due to 

savings in cost and time, while complexity of the data may compel the researcher to involve in 

a period of familiarization with the data, as the collected data is unknown to the researcher.  

Finally, the data collected from observations carried has been minimal, and has not been 

analyzed in any specific way. The findings from these observations have rather gathered an 

understanding of the operations and has been used to facilitate other study methods, especially 

the interviews that were carried out at later stages. 

3.5 Choice of theoretical framework 

The framework chosen to present the theories of production planning in healthcare and the 

hospital setting by Vissers et. al (2005) is very extensive and has its implications for the purpose 

of this study. Due to the very thorough description of the framework it proved difficult to 

provide the reader with a good overview of the concepts of production planning used in 

healthcare and the work that had been done by the authors. However, literature on operations’ 

management in healthcare is limited and focused on different methods used in the context of 

production and surgery planning which were difficult to relate to the empirical findings. The 
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framework chosen was thus considered by the author by far the best framework to use to 

describe the production planning processes and analyze against the empirical findings of this 

part of the study. On the other hand, the framework is nearly fifteen years old and is additionally 

build on previous work done by the authors ranging a few years back. With the limited 

experience and knowledge of both hospital operations and production planning in hospitals, 

the author of this study did raise his concerns about the framework or parts of the framework 

being outdated. 

3.6 The quality of the research 

According to Bryman and Bell (2011) there are three main criteria’s for evaluating the quality 

of business research, being validity, reliability and replication. Simply put validity is concerned 

about studying the right thing, while reliability is concerned about studying it in the right way 

(Blomkvist and Hallin, 2015).  

3.6.1 Reliability & replication 

Reliability and replication are closely related criteria of research, where reliability is concerned 

if results of a study are repeatable, while replication assesses if findings of the study can be 

replicated by others (Bryman and Bell, 2011).  

Reliability is often more of concern in quantitative studies than qualitative. The study methods 

in qualitative research often entail interviews and observations, which often includes different 

perspective of those who participate in the study. In those terms Bryman and Bell (2011) 

differentiate between internal and external reliability in qualitative studies. Though the research 

approach in this study is mixed methods approach, the study methods are built more on a 

qualitative approach. Internal reliability refers to when there is more than one observer in a 

research team, that the members agree on what they observe, see and hear. Internal reliability 

is thus not applicable to this study, as the study is carried out by a single researcher. 

External reliability in qualitative research then refers to the degree a study can be replicated, in 

such settings it is impossible to freeze a social setting in order to attain the same result (Bryman 

and Bell, 2011). The reliability and replication of the study are considered at medium. In terms 

of replicating the study, the answers from interviews will depend on exactly how and which 

question are asked and how those interviewed interpret the questions. A noted point in this 

reference is the interviews carried out with the coordinators. Though the interviews went 

smoothly, they also took a bit of a different direction each time with the qualitative approach. 

Sometimes interviewees went of tangent into too much medical terms, which is why the 

interview had to be steered in the right direction to gain the answers which were sought after. 

It would thus prove difficult replicate in the same manner, but similar findings are likely to 

surface even if the empirical data differed to some extent.  

3.6.2 Validity 

Bryman and Bell (2011) state that validity concerns the integrity of conclusions and they 

discuss the four main types of validity. Measurement validity, which relates to reliability and 

refers to that you measure what you say you intend to measure. Internal validity which, relates 

to credibility of the findings, how believable the findings are. External validity is concerned 

with how well the results of a study can be generalized beyond the scope of the study or 
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transferred to other settings. Ecological validity which refers to if the study’s results are 

applicable to people’s everyday lives. 

In terms of case study design Bryman and Bell (2011), mainly discuss external validity, which 

has been questioned in such study designs and raise the question how a single case can represent 

findings which can be applied to other cases in a general sense. The external validity of the 

study is considered relatively low, since the case study is built on very specific circumstances 

in the hospital’s operations and gaining a deep understanding of those. However, many 

hospitals face similar problems regarding scheduling surgeries and as such some parts of the 

study could be transferred to other settings. How the study relates issues to hospital’s 

production planning and decision making process to the theory, is an example of how the 

study’s findings can possibly be transferred to other hospitals’ settings and used as an example.  

The internal validity of the study is on the other hand argued to be higher, due to the multiple 

data collection methods which have been used to gain as deep understanding of the case as 

possible, which are believed to have led to certain results. However, though the multiple study 

methods have given a good understanding of the case, identifying the hospital’s processes 

proved difficult and further interviews with top management would have given a more holistic 

view of the operations. Such factors might reduce the internal validity of the study. 

3.7 Ethical dimensions 

In this thesis ethical considerations have been considered for the purpose of observations and 

interviews conducted and have been based on the ethical aspects covered in Bryman and Bell’s 

(2011) book on business research. In addition, the researcher has signed a professional secrecy 

for people working in healthcare due to the sensitive information on patients. 

The four main principles covered by (Bryman and Bell, 2011) of ethics in business research; 

harm to participants, lack of informed concept, invasion of privacy and deception and those 

principles have been used as guidelines throughout the study in interactions with participants 

from the hospital. The first principle harm to participants should include all aspects of any 

possible harm to participants, including the interviewer. This can include the participants 

development, career prospects and future employment or simply less obvious factors as stress. 

The second principle of informed consent and the fourth principle of deception are quite 

interconnected and involve that participants should be informed fully about the research 

process and its purpose, and that no misleading information is given to the participants. The 

third principle invasion of privacy is also closely related to the principle of informed consent, 

and involves showing respect for the participants responses, values and his or her rights to keep 

his privacy, including keeping information to oneself. 

Further description of how the researcher has tried to apply these principles in the interviews 

and observations is given in the following sections. To the researcher best knowledge, no 

ethical dilemmas or negative consequences have arisen during the research process nor should 

it do so in the future. However, the researcher hopes that the outcome of the study and future 

work to be carried out will have positive aspects on society and will allow for surgery planning 

and decision making to be done in such a way that more patients can be treated in the future. 
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3.7.1 Interviews 

Every interview conducted with participants was begun by providing background information 

on the study at hand and the purpose of the interviews for the study. The participants were thus 

given explanation of what outcomes of the study could reveal leading to a better working 

environment. To comply with the ethical principle of harm to participants a discussion was 

made with them that the purpose of the interviews was to gain a deep understanding of their 

job roles and decision making in order to be able to provide them with a tool which could prove 

useful in their work.  

All the interviews were recorded and later transcribed for the purpose of the study and all 

participants were informed about the recording before coming to the interview. Before the start 

of each interview all participants were informed about the purpose of the recordings, that is to 

gather as much information as possible within the timeframe of the interview. Additionally, 

each participant was given the opportunity to not answer any of the questions from the 

interview guide if they chose not to do so, in order to comply with the principle of invasion of 

privacy. To further comply with this principle, thoughts were put into constructing the 

interview guides in such a way that no personal questions would be asked to minimize the risk 

of participants wanting to step back and withdraw from participation. By putting a lot of 

thoughts into the questions of the interview guide, this became a successful factor as none of 

the participants denied answering any of the questions asked. Furthermore, each interview 

started out with a discussion with the participant of the timeframe of the interview to make sure 

not to overdraw on time and to not interfere with the participants busy daily jobs, the interviews 

were kept within the timeframe discussed. All interviews, recording files and transcripts were 

kept anonymous so no information could be traced back to the participants. 

3.7.2 Observations 

For the two types of observations made for the study the ethical considerations were a bit harder 

to carry out. For the meetings attended, both the coordination meetings and the production 

planning meetings it was difficult to gain the acceptance of everyone involved. Attending these 

meetings was necessary for gaining an understanding of the processes and planning procedures, 

however the researcher was accepted into these meetings by limited amount of people who 

were involved. This especially applied for the coordination meetings were occasionally these 

meetings were visited by persons that were unaware of the researcher’s observations. Since 

visiting these meetings was done on the grounds of non-participant observation it became 

impossible to inform those present about the researcher’s involvement and purpose of the 

observation. Nevertheless, the same principles were applied by the researcher as in the 

interviews and no personal information was documented during the observations.  

The other type of observation carried out was a participant observation of daily planning within 

the operating room area. The main observation was of the activities of a single person who was 

aware of the researcher’s participation, but the observation also included observation of other 

persons working within the operating rooms area, although to a very limited extent. The same 

process was kept as for the interviews, when it came to observations of the daily planning of 

the person involved, and a discussion was made to make it clear what the purpose and possible 

outcome of the research would be.  
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4 Empirical findings 
This chapter presents the empirical data collected from interviews, document studies and 

observations. The chapter begins with describing the organization and a description of the case 

and its scope. A brief discussion is given on the surgery planning procedure as it is today as 

well as recent changes to the procedure before heading on to the main part of this section which 

is the current situation analysis. The chapter then ends with a short description of the expected 

changes which could affect the operations.  

4.1 Organization´s and case description 

A brief introduction of Uppsala University Hospital was given in the introductory chapter. As 

the county hospital for Uppsala county, Uppsala University Hospital must take care of patients 

within the county but additionally the hospital has agreements for patient care outside the 

county. Sweden is split up into six health care regions and one of those regions is the Uppsala-

Örebro health care region. Within the Uppsala-Örebro region are seven regions consisting of 

Dalarna, Gävleborg, Sörmland, Uppsala, Värmland, Västmanland and Örebro in which 

Uppsala University Hospital must take care of patients according to regional agreements 

(Samverkansnämnden, 2019). Additionally, the hospital has both national agreements and 

agreement for carrying out certain types of surgeries on patients from Iceland and Estonia as is 

depicted in figure 7. Finally, Uppsala University Hospital has agreements according to 

standardized care processes (s. SVF - standardiserade vårdförlopp), which specifies that 

patients must get their diagnosis and cancer treatments within a specific timeframe. 

The hospital has in total fifty-one operating rooms, but this thesis is focused on the seven 

operating rooms which the surgical department (s. Kirurgiska anestesi- och 

operationsavdelningen) makes use of. For the remainder of this study the term surgical 

department or simply the department, will be used for the convenience of the reader. The seven 

operating rooms are shown under the schedule section later in this chapter and they are further 

being used by the several surgical specialties or department units which belong to the 

department and are depicted in figure 6. Additionally, the department is responsible for 

carrying out surgeries of emergency patients. Furthermore, emergency inpatients can be those 

who are in need for surgery, either immediate or at later stages, but additionally those who need 

inpatient care but do not need to be operated.  

 

 

Figure 6: Operations and department units at the surgical department 

The seven operating rooms are further shared with other surgical clinic departments of urology 

and gynecology which complicates the utilization of these operating rooms for the surgical 

department, and some of the surgeries belonging to the department are carried out in other 

operating rooms which were left out of the scope of this study. 
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Figure 7:The types of surgeries carried out by the departments and the level of agreement 

In total there were around 2700 surgeries performed by the department units in 2018 and were 

split between the units as shown in figure 8. The figures were retrieved from data files of all 

surgeries performed in the year 2018. The figure reveals that one third of surgeries performed 

in 2018 were those of emergency patients. 

 

Figure 8: The surgeries carried out by department units at the surgical department in 2018 

The inpatient care or the surgery aftercare at the department is split amongst five different 

surgical wards as depicted in figure 9. In total the physical amount of beds in these five different 

wards is around 65-70 beds, but due to the shortage of nursing staff, the hospital is not able to 

keep all these beds open to patients. In May 2019, the hospital added more nursing resources 

with plans of opening ten more beds in the wards, that is by increasing the amount of beds by 

five in two of the wards. The ideal patient flow from the department units to the different 

surgical wards to depicted in the section patient flow later in this chapter.  

 

Figure 9:The surgical wards belonging to the department 

Furthermore, the surgeries are currently being carried out by a production agreement, which is 

under trial with AnOpIVA (s. Anestesi, operation och intensivvård), which draws its name 

from anesthesia, surgery and intensive care and which works as a separate unit within the 

hospital. AnOpIVA provides a part of the operating staff which are needed for the surgeries 
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carried out. The operations of AnOpIVA at Uppsala University Hospital consist of four 

sections: The Anesthesia Section, Child Anesthesia Child Operation and Child Intensive Care, 

Intensive Care and Airborne Intensive Care. In total the operations of AnOpIVA at Uppsala 

University Hospital are carried out by 800 employees (Akademiska Sjukhuset, 2019b). 

The Anesthesia section, which is also referred to as Anesthesia and Surgical section is the 

largest of the four sections, and the Anesthesia section includes four anesthetic and surgical 

departments, two anesthetic departments, four warding departments, access reception, surgical 

preparation unit and sterilizing department (Akademiska Sjukhuset, 2019b). 

One of those four sections is the surgical anesthesia and surgical department which work with 

the department and are in focus of this case. On a daily basis the work is carried out by around 

30-35 employees from AnOpIVA, of which are around five outsourced nurses from private 

business to be able to carry out surgeries in a more efficient manner.  

4.1.1 Surgery planning process 

The planning procedure of surgeries at Uppsala University Hospital is today set by a 

coordination team. The team consist of coordinators for department units and their chiefs, and 

additionally they work with the planning staff from AnOpIVA, to maximize the use of 

operating rooms and the amount of surgeries carried out every week. The team is built up by 

five coordinators each responsible for the planning of surgeries within their department unit. 

Each of the coordinators is responsible for one department unit except one coordinator who is 

responsible for the planning of three department units. Their work is led by the strategic 

directions set by their two chiefs and the head of surgery planning from AnOpIVA, which feeds 

the coordinators with information on available staffing resources for surgeries. The 

coordinators lay out their planning of surgeries for their responsible department units typically 

ranging from 1-3 weeks in advance according to a periodic schedule which is set, and from 

which the coordinators will know their access to operating rooms during the given period. Then 

on Tuesday every week the team joins for a coordination meeting where next week’s schedule 

is discussed, organized and coordinated. The aim is to maximize and optimize the amount of 

surgeries to be done the following week and decisions are taken regarding the planning the 

coordinators have made and how these can be optimized together for the best result. These 

meetings are also joined by the head surgeon and head of anesthesia as well, who give their 

inputs. Before the team jointly plans for the next week it reviews the performance of the 

previous week and the discussions generally include matters such as the cancellations of 

surgeries, the reasons behind so and what could have been done better.  

In addition to the coordination meeting the team comes together again towards the end of the 

week for a production planning meeting. During this meeting the team reviews their planning 

against their bed capacity in the hospital ́s wards, from the perspective of the patients already 

staying at the hospital and how it matches with the expected length of stay of patients which 

have been planned for the upcoming week.  

The whole surgery planning process as it has been identified, is further introduced to the reader 

in figure 10. The process is depicted from a top-down view down to operational level.  
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Figure 10: The surgery planning process shown as a five-step process 

4.2 Recent changes to the planning procedure 

In order to provide the reader with the context of the planning procedure at the hospital, there 

have been a few rather recent changes that have been implemented regarding this procedure. 

The first change is the coordination meetings, which were implemented in the form it has today, 

in 2017 and the production planning meetings which was implemented in the form it has today, 

in autumn 2018. The planning team is today built up of the coordinators and the organizers, 

whereas before surgeons from each department unit used to join these meetings as well. 

Another change is the implementation of a new information systems Orbit which is used for 

planning of surgeries and was taken into use as recently as towards the end of January 2019. 

Before the implementation of this information system the surgical planning was done on paper 

form where surgeons handed over notes to coordinators. Due to the very recent implementation 

of the system, there have been some initial technical problems with the system, and the staff is 

still somewhat untrained while others have not really taken it into use or made it´s usage a force 

of habit. Finally, the production agreement with AnOpIVA has been under trial since 

September 2018. This type of work agreement is based on a similar agreement in the Stockholm 

area, and the groundwork for further agreement has been laid out and is expected to continue. 

4.3 Current situation analysis 

The reader has been introduced to the organization and the basis of the surgery planning 

process, and this section will give further details into the current situation regarding the process. 

4.3.1 Surgery planning process map 

From a wider perspective the surgery planning process at the surgical department is restricted 

by previously made decisions. The whole decision making process related to surgery planning 

process is depicted in diagram 1, by the use of IDEF-0 process map, which shows each step of 

the planning process as well as the inputs and outputs belonging to each step. In addition, the 

process map shows the resources and the tools used and belonging to each step of the process 

as well as the controls for each of the steps of the process.  
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Diagram 1: Surgery planning process map depicted by an IDEF-0 map 
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4.3.2 Patient volumes 

Figure 8 depicted the total volume of patients which were operated by the surgical department 

in 2018 with the total amount of surgeries being around 2700. 

One of the interviews carried out, revealed that managers do consider figures on how many 

surgeries were done the previous year to some extent. However, it also revealed information 

that only HPB surgeries, carried out by the liver-pancreas department unit, had a strategic goal 

towards the annual volume of patients to be operated. As such it was mentioned that the annual 

demand for those type of surgeries within the department unit, was four-hundred surgeries that 

needed to be carried out on a yearly basis. The interview also revealed that the agreement of 

liver pancreas within the Uppsala-Örebro health care region is relatively new, or from 2016 as 

mentioned in the interview. According to the interviewee, the number of patients has increased 

significantly since the agreement was in place and thus the increased demand on the hospitals 

beds has led to complications in its operations.   

The interviewee mentioned additionally that HIPEC surgeries, which belongs to the department 

unit of colorectal, had a good balance and those type of surgeries did not suffer from long 

waiting lists. Calculations have been made on how many HIPEC surgeries must be done on a 

weekly basis. For other department units, type of surgeries, and the whole surgical department, 

the annual volume of patients is unknown, and this was mentioned as being problematic by the 

interviewee. As such the interviewee mentioned that it was unsure, that the hospital could cope 

with the demand of patients from all department units and simpler surgeries might need to be 

performed at other hospitals within the Uppsala region. 

4.3.3 Scheduling 

The planning procedure for the coordinators is set by a periodic schedule which takes into 

consideration the available resources during the period. The schedule which is valid for spring 

2019 is shown in table 4. 

Surgeries done from department units of the surgical department are done in the operating 

rooms shown in table 4, but the available operating rooms are also shared with other clinical 

departments outside the surgical department. As has been described, to compensate with the 

resource sharing of operating rooms with other clinical departments, some of the surgeries 

belonging to the department are carried out in other operating rooms.  

The schedule is built and presented on the type of surgeries from each department unit and 

surgeries from other department units are also included in the schedule. In the table, 

information on surgeries that are done in the operating rooms from departments which don’t 

belong to the surgical department have been added from the original schedule set out by the 

department. Information regarding the department unit a certain surgery belongs to, has also 

been added where needed and is shown within parentheses. 

From the schedule the coordinators will know which operating rooms they have access to on 

different days of the week and can make their surgery planning accordingly. The creation of 

the block scheduling system is very complicated and involves a lot of different actors within 

the hospital. Due to this complexity the decision makers at the department do not have much 
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control over how the schedule is set out or when exactly the surgical department has access to 

certain operating rooms.  

Table 4:Distribution of operating room belonging to different surgery types or department units 

Operating 
room 

Monday Tuesday Wednesday Thursday Friday 

Room 7 

1:7 

HPB 

 (Liver 
pancreas) 

HPB 

 (Liver 
pancreas) 

HPB 

(Liver 
pancreas) 

HPB 

(Liver 
pancreas) 

HPB 

(Liver 
pancreas) 

Room 8 

1:8 

Esophagus-
ventricle 

Vascular 
 

Esophagus- 
ventricle 

Emergency 
surgeries 

ERCP at OP 
(Liver 

pancreas) 

Room 9 

1:9 

Urology 

(outside)⃰⃰ 

Urology 

(outside)⃰⃰ 

HPB 

(Liver 
pancreas) 

Urology 

(outside)⃰⃰ 

Emergency 
surgeries 

Room 10 

1:10 

HIPEC 
(Colorectal) 

HPB 
(Liver 

pancreas) 

Emergency 
surgeries 

 

HIPEC 
(Colorectal) 

Emergency 
surgeries 

IV room 

1:2 

Vascular Thoracic 

(outside)⃰⃰ 

Vascular Vascular Vascular 

Robotic room∗ 

1:1 

Gynecology 
(outside)⃰⃰ 

Colorectal 
  

Urology 
(outside)⃰⃰  

Urology ## 

Gynecology # 
(outside)⃰⃰ 

Urology ## 

Gynecology # 
(outside)⃰⃰ 

SJ room 

1:28 

Emergency 
surgeries 

Emergency 
surgeries 

 

 
Colorectal /KVK 

 

⃰ Surgeries in the operating rooms done by clinical departments outside the surgical department 

 
∗Robotic surgeries          

## Even weeks   # Uneven weeks 

 

The schedule is set periodically, but the decision makers would like to see less changes to this 

schedule, although a different schedule is always needed in summertime due to vacations and 
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thus less availability of resources. Much of the decisions on how the schedule is set out is 

grounded to tradition and is bound to resistance to change and old production agreements on 

which surgical clinics get access to which operating rooms. Furthermore, certain types of 

surgeries need access to certain operating rooms and finally the right staffing resources must 

be available to carry out the surgeries.  

A final schedule for the department as the one depicted in table 4, thus goes through a few 

different steps before being finalized. First the production unit within the hospital lays out the 

ground for the schedule according to the agreements made and other criteria which need to 

meet the operations of the whole hospital. For the second step AnOpIVA will inform which 

resources are available at given times and how surgeries can be performed. In the final step, 

decision makers of the department can adjust the schedule once they know the surgical 

department’s access to the operating rooms at given times. Still their decision making is bound 

to several constraints and minor changes can have effects on the whole system and can the 

changes can be met with resistance as head surgeons hold a lot of power and affect the decision 

making. The decision makers have none-the-less informed that from the year 2017 they have 

successfully been making changes to the schedule with the outcome of using the operating 

rooms more efficiently. Some of the changes implemented have involved that some department 

units have shared their access to certain operating rooms. These improvement changes started 

out as Uppsala University Hospital got the agreement of doing liver-pancreas patient surgeries 

from the Uppsala-Örebro region in 2016, which led to a sudden increase in waiting lists 

From a strategic view the schedule has been bound by old traditions of how things have always 

been done, but additionally the scheduling of surgeries at the surgical department does not 

really have a real top-down mission in the approach to how many surgeries must be performed 

has been discussed. No estimations are done regarding how many surgeries each department 

unit must do and how surgery times are split between the department units.  

Decision makers do look into data of how many surgeries were performed by the department 

the previous year, but however the interviews revealed that not much is being done with using 

the information when it comes to setting out the schedule. Decisions are rather built on tradition 

than strategic goals and by making efforts to try to cope with the pressing situation than making 

estimations of how scheduling times would best be split between the department units. 

Prioritizing - Choosing patients from waiting lists 

The procedure of choosing patients from waiting lists is a mixture of medical severity and the 

concept of first come first served. While prioritization is mostly done on the basis of medical 

terms and the severity of the patient’s condition, the coordinators also consider the aspects of 

which patients have been waiting the longest and thus operate on first come first served basis. 

The patients’ priorities are set by the doctors or head surgeons who list which patients need 

their surgeries the most urgently. The prioritization differs from department unit to another and 

those units who have more benign surgeries do not have the same categorization as other units. 

For more benign surgeries, patients which have more urgent symptoms are prioritized higher, 

however most of the patients have less severe sickness and are prioritized from first come first 

served basis, so that those you have been the longest on the waiting list are being chosen. In 
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other department units, patients with more serious illness are prioritized by categorization set 

by the surgeons. There is a certain lack of standardization as well between departments when 

it comes to the categorization, while some categorize and work with four different categories 

on how urgently a patient must be operated one department unit is working with two different 

categories of patients. The base of the categorization is the same nonetheless and patients who 

will have the highest prioritization are those who normally need to be operated within the 

upcoming two to three weeks. Prioritization of patients can then change if their symptoms 

suddenly get worse or they have needed to visit the emergency room regularly. When a patient 

needs to be re-prioritized, the procedure of doing so can involve a human factor in which the 

coordinator of the relevant department unit will need to use tacit knowledge on how to prioritize 

the given patient compared to other patients on the waiting lists or patients which have already 

been planned for a surgery.  

Sequencing of surgeries 

The procedure of sequencing the order of surgeries is not uniform across the different 

department units and is best described being such due to the complex hospital environment. In 

addition, some department units do not need to consider sequencing to a great extent, at least 

for some days of the week, as the surgeries being carried out are large and time consuming and 

as such there is only room for one to two surgeries per day.  

In some cases, shorter surgeries are put first in the sequence order which should reduce 

variability of operations. While in other cases there is greater risk of cancelling urgent cancer 

surgeries and the sequencing decision is simply out of the hands of the coordinators and they 

could meet resistance of sequencing a short surgery first by surgeons, anesthesiologist or 

another member of the operating team. There is a larger risk of cancelling the longer surgery if 

an emergency case could occur and disturb the flow of the scheduled surgeries, with increased 

risk of having to cancel a cancer surgery.  

The coordinators have a little different view on if shorter surgeries should be sequenced first, 

and some would like to prioritize the shorter ones first, but others follow the preferred methods 

of the operating teams. There is nonetheless different reason why they might schedule shorter 

operations in the complex hospital environment. One of the reasons is that when the 

coordinators plan for surgeries in which its expected the patient does not need to stay overnight, 

they try and plan for that patient to be first in line that given day so that the patient has time to 

recover and go home in the afternoon. Another reason for sequencing a shorter surgery first in 

the day depends on both the type of surgery and the patient’s age. When the coordinators make 

their decision, they might thus consider the patient’s age and choose an older patient to be first 

as the patient needs longer time to recover from the anesthesia compared to a younger patient. 

The same reasons where mentioned by the coordinators regarding the type of surgery done, 

and that a patient might need longer time to wake up from the anesthesia and would thus be 

put up for operation earlier on in the day. 

4.3.4 Weekly planning and the planning horizon 

The surgery planning is in a way, done on a weekly basis, that is the coordination and 

production planning meetings are held once a week. Before the coordination meeting is held 
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Tuesday every week, the coordinators have planned the surgeries for their department unit. The 

surgery planning is thus done before the coordination meeting and the planning horizon usually 

ranges from 1-3 weeks ahead in time. The coordinators’ answers differed to some extent 

regarding how far ahead they have planned for surgeries, though commonly the planning 

horizon is around 2 weeks. Some coordinators had partly filled up the surgery schedule time 

slots up to 7-8 weeks ahead. When the planning reached this far ahead in time the coordinators 

had though only very partially filled up their schedule to have room to react to circumstances 

and fill up the schedule with patients who urgently need surgery.  

The coordinators’ answers also differed to some extent towards how long they ideally would 

like to have the planning horizon. While some would ideally want to plan 2-3 months in 

advance others mentioned 2-3 weeks in advance since having a longer planning horizon would 

always involve a lot of cancelling and rescheduling, even when their views were that this 

planning horizon was too short. The answers were consistent when asked to consider the 

conditions as they really are in their working environment, that a longer planning horizon was 

not very realistic, at least not with a fully planned schedule. The answers also revealed that the 

coordinators are very aware of patient care when they are thinking of the planning horizon and 

their concerns of being able to send patients their notice letters regarding their surgeries were 

anticipated to have more effect than overloading their own tasks.  

Finally, the coordinators’ answers revealed that if the plans are overloaded, they simply needed 

to cancel. The planning is thus done to the coordinators best methods and then cancelled in 

case of lack of resources, time or any other possible reasons that can arise. 

4.3.5 Daily planning - daily coordination 

The planning at a daily operational level is a twofold process, which for the convenience of the 

reader will be referred to as daily coordination, which involves daily planning to cope with bed 

capacity compared to planned surgeries. Secondly, the daily planning is the planning done on 

a day to day basis within the operating room area to be able to carry out the surgeries with the 

available resources the given day or cope with other circumstances which may arise.  

The daily planning, that is the planning for a given surgery day is mainly carried out by the 

AnOpIVA operating staff and is done in a very flexible way and encourages employees to take 

part in the process to efficiently use the resources. Planning for a given surgery day starts out 

the day before and involves writing down the planned surgeries from the already set plan by 

the coordinators on a whiteboard which is visible for all the staff within the department. Any 

staff member can write down on the whiteboard the preset plan which every staff member can 

see from Orbit. It is therefore nobody's responsibility to write down the information on the 

whiteboard but rather that the resources that have available time can contribute to the planning 

to efficiently use the resources’ time. In addition, the nursing resources working in the 

department are given a very flexible approach to their work environment and are allowed and 

are encouraged to choose their work for the following day. They get to choose, by putting their 

name on the whiteboard, which surgeries they want to work with or if they want to work with 

a certain surgeon. 
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The daily planning can be affected by several variations in the work environment. This can be 

due to sickness of the staff or other reasons for them being absent. Usually the department has 

enough resources to cope with the absence of resources, but cancellations do happen due to 

shortages of staff and adjustments to the surgery plan must be done accordingly. In certain 

situations, it can also occur that surgeries that are expected to last for several hours or the whole 

day, end up being much shorter than planned. In those cases, the head of surgery planning from 

AnOpIVA works together with other staffing resources to see if the daily schedule can be filled 

up on a short notice, by finding other patients which need surgery. 

For the daily coordination a meeting is held every morning to consider the current bed capacity 

towards the planned surgeries and planned inpatients for the day. Every morning at 10.30 one 

of the organizers gets together with the head of each of the wards to discuss which patients will 

be leaving that day and how many beds are available. The situation at the surgical wards is 

difficult and beds are usually occupied, and the department has currently been receiving help 

from other wards at the hospital who are momentarily able to help, so those meetings are 

usually joined by heads of other wards as well.  

Every inpatient coming in for a surgery is planned to come into the respective surgical ward 

belonging to the department unit, but in the pressing situation the daily coordination meeting 

will revolve around resolving the issues and finding a patient a place in any of the available 

wards if no places are available in the respective ward. This is one of the major problems the 

surgical department is facing, as patients may need to be shifted back and forth between wards.  

Another major problem the department is currently facing, is the lack of overview of the flow 

of patients coming in and out of the surgical wards and the lack of tools to provide that 

overview. Currently the participants of the daily coordination meeting lack this overview as 

they don’t have any digital tools to help them out, but instead each of the participants write 

down information regarding patients coming in and out of the different wards, in their own 

notepads. Even though all the participants manage to have the same view during the meeting, 

the situation in the wards can change quickly throughout the day and the staff lacks tools to 

evaluate the situation in real time. The daily coordination is followed up by another coordinator 

which is responsible for coordination for the wards. The coordinator checks up on the situation 

by calling the different wards to see if the situation in the wards has changed during the day 

and if any bed has become available. 

During the daily coordination meeting the staff will do their best to evaluate the current bed 

availability and fit patients into the different wards if needed, but if no beds are available, 

surgeries for the current day or the following day may need to be cancelled. Cancellations can 

also happen earlier in the day, at a report meeting with the surgeons, if there is a lack of staff 

to perform the surgeries or it has become clear that no beds are available for the patients.  

4.3.6 Cancellations and rescheduling 

Cancellations of surgeries happen on a weekly basis in almost every department unit. Even 

though some department units will not have any cancellations a given week, cancellations are 

a weekly occurrence in the whole department. Although cancellations do happen because of 

patients’ circumstances these were rarely mentioned as reasons for a surgery to be cancelled. 
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The main cause of cancellations come from the hospital environment itself. Although reasons 

such as lack of access to specialized equipment can be a source for cancelling a surgery, the 

major cause of cancellations is lack of beds for patients or availability of staff, which can be 

either the lack of staffing resources to carry out the surgery or lack of staff for aftercare. Due 

to frequent cancellations, such might be an indication that the coordinators are over-planning 

surgeries. Although an attempt was made to analyze the situation and see in which department 

units’ cancellations happen most frequently, getting an overview proved difficult with the 

gathered data and Orbit does not provide a good overview of cancellations. Furthermore, 

answers from the interviews seemed to indicate that such considerations have not been given a 

great deal of thought. However, cancellations of more serious surgeries happen less frequently 

than benign surgeries due to prioritization.  

Cancellations can happen in two ways, either a surgery can be cancelled on the surgery day, if 

for instance there are not enough resources to carry out the surgery or a delay in surgery causes 

cancellation of sequent one. Alternatively, a surgery can be cancelled before the surgery day 

when there are known conditions, such as not having enough available beds in the wards. 

Furthermore, the interviews revealed that, at least for some department units, cancellations 

happen more frequently towards the end of the week than during the beginning of the week. 

This was further investigated by exploring organizational documents and although not fully 

consistent from week to week, the number of surgeries carried out in the beginning of the week 

tended to be higher than towards end of the week. The main reasons mentioned by coordinators 

was either shortage of staffing or beds towards the end of the week and during the weekends. 

As such shortage of nursing staff during weekends was mentioned as a critical factor. 

Cancellations of surgeries leads to a lot of work for coordinators in the form of rescheduling. 

This includes notifying the patient and cancelling all the possible meetings and tests that had 

been planned for the patient. Additionally, the required steps involve rescheduling the patient 

for a new surgery time slot, preferably as soon as possible, depending on the severity of the 

patient’s condition. If the patient is in dire need for surgery, the necessary steps that need to be 

taken to find a new surgery time slot can involve the process of moving other patients that have 

been planned for surgeries around in the schedule, causing ever more extra work for the 

coordinators. The coordinators will usually get a phone call where they are told a given surgery 

has cancelled, but this is also marked in Orbit as a disturbance and is marked by a flag. The 

downside is that the coordinators do not get a special notification that a given surgery has been 

cancelled, and the process is thus less automated, and a phone call is also needed to update 

about the situation. If the coordinator cancels a surgery before the day of the surgery, the 

coordinator is of course aware of the situation and can take actions to start rescheduling. The 

cancellation in that case is however not marked as a disturbance in the same way, and the 

cancellation flag gets another color to differentiate between the cancellation reasons. 

4.3.7 Mapping the decision process – scheduling individual patients 

The decision process for scheduling individual patients is depicted in diagram 2. The map 

shows the iterations which can occur in the process, but further it should be kept in mind that 

though the process seems somewhat linear, decision such as on patient’s need for admission 

may need to be taken earlier in the process but are difficult to express with the process map.  
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Diagram 2: Basic flowchart showing the decision process for scheduling an individual patient  
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4.3.8 The use of the information systems 

Orbit is a new information system which is currently being used to aid in surgery planning and 

was only taken into operation towards the end of January 2019. The hospital in general makes 

use of a decision support tool named SAS VA, which stands for SAS Visual Analytics and is 

procured by Uppsala county council and used throughout the region. SAS VA is a web-based 

solution for analyzing and visualizing data in which different systems are connected to the 

solution through data warehouses. SAS VA can thus be used as analysis and visualization tool 

for different kinds of system used in the hospital environment. The system structure for how 

different system are connected to SAS VA through data warehouses is depicted in figure 11. 

 

Figure 11: The system structure for which SAS VA can connect to different systems 

In addition to using Orbit, Uppsala University Hospital uses Cosmic which connects to SAS 

VA through the data warehouse. Cosmic is a healthcare information system, which is used 

within Uppsala Region both for primary care and by the hospitals in Uppsala and Enköping. 

The use of Cosmic is sometimes necessary to gather information on patients’ medical 

conditions but is also necessary to fill the required information in that system for economic 

terms. The use of different systems has made the current situation analysis with regards to 
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future use of simulation for surgery planning in Uppsala University Hospital difficult with 

limited access to the systems, and realizing what systems produce which data and the quality 

of that data from those relevant systems.  

A current drawback is that even though Orbit may produce more data which is relevant for 

future surgery planning is that Orbit is currently not connected to SAS VA. The decision 

makers are thus not capable today to use data produced by Orbit for analytical purposes and 

decision making with the help of SAS VA. Though the connection will be made in the future, 

further work will need to be carried out in the future to evaluate the data produced by Orbit as 

more experience will be gained using the system, which will reveal what data the system is 

capable of producing. 

Furthermore, the use of Orbit has experienced some beginners’ difficulties both in technical 

terms and the usage of the system. The technical problems that have arisen have been such that 

when patients’ surgeries have needed to be cancelled, it has caused the patient to disappear 

from the system. Each of the coordinators have thus relied on using their notebooks to keep 

track of their patients, this has been essential so that a patient on a waiting list would not simply 

be forgotten. Another technical problem that has arisen is that patients that had surgeries on the 

very initial stages of implementation of the system did not disappear from the waiting lists as 

they should have when the surgery has been performed.  

While most of the coordinators and users which were interviewed shared the view that the 

system was a big improvement and very helpful in planning of surgeries, they also shared the 

view that they needed more training in using the system. It is unclear if steps will be taken to 

further train the employees at Uppsala University Hospital. A second mentioned problem in 

the usage of the system, is that surgeons do not efficiently using the system to its full advantage 

and did not fill in information and features that could be very helpful for the coordinators in 

doing their jobs. This could also be related to insufficient training of using the system, but 

factors as work overload was also mentioned as possible reasons during the interviews, and 

that surgeons simply forgot to fill in this information in their busy daily jobs. It was further 

discovered that coordinators cannot fill in missing information with their access rights.  

4.3.9 Data and data quality 

Uppsala University Hospital is already in possession of a lot of data and is producing a lot of 

data which could be useful for simulation purposes. What has made the process of evaluating 

data from Uppsala University Hospital for the purpose of this master thesis is the switch to the 

new information system Orbit and realizing what data will be produced by the new system and 

which by older systems or has been stored in other systems. 

Data from Uppsala University Hospital was received on all surgeries performed in 2018 as well 

as data regarding surgical ward care days for the same year. The data was provided in two 

separate data files and organizational documents of analytics of both data categories was 

received in paper form as well. The data regarding surgeries in 2018 consisted of data from all 

surgical departments within the hospital and a small part of the data is shown in Appendix C. 

The data was sorted, and all irrelevant data was removed from the data file so only data 

regarding surgeries of the surgical department was included. The data in Appendix C shows 



 

  48 

the type of data which is produced and collected by the hospital. The data includes information 

on the surgeries regarding which department unit the surgery belongs to and which operating 

room the surgery was performed in. Data on the patients includes the contact ID for the patients, 

which has been hidden, as it is depicted in Appendix C. Additionally the data includes patient’s 

age and the region the patient belongs to. The data also contains information on operation 

codes, or the type of surgery performed, surgery times, the start and stop times for both 

anesthesia and surgery times as well as total duration time. The data further contains 

information on anesthesia, surgery and total duration time for each surgery. Comparison of the 

data in the data file and figures from the analytical organizational documents proved to be 

consistent as it came to figure on surgeries. 

The data regarding surgical ward care days shows data from the year 2018 as well. This data 

includes information on which surgical ward the patient has stayed in and the patient’s length 

of stay. The data further contains information regarding which department unit the patient 

belonged to and if the patient was operated or not. The comparison between the data file and 

the organizational documents showed several discrepancies. Some of these discrepancies may 

be retrieved to logical factors, such as how ward care days around registered for patients who 

stay in two separate years. In addition, little is known how the data is registered, however some 

major discrepancies were found in this data regarding care days for the Endocrine department 

unit which required further investigation. Further attention to this is given in the section on 

patient flows later in this chapter. 

4.3.10 Organizational factors in the planning process 

The highly complex organizational structure 

The utilization of operating rooms is highly complex in the hospital environment, which will 

be given further discussion later in this chapter. In addition to sharing the operating rooms with 

clinical departments of gynecology and urology, there are other factors which can contribute 

to less efficient use of the rooms. The availability of the operating staff is one of those factors. 

The data gathered from the interviews revealed that the flexible working environment in the 

operating rooms area, lead to certain issues between the surgery planning and the availability 

of the staff from AnOpIVA. Those responsible for surgery planning assume that access to 

operating rooms is provided during the whole day for a given day of the week according to the 

schedule. This is however not always the case which can lead to cancellations of surgeries due 

to early closure of operating rooms within a specific day. One of the issues is the lack of 

communication and coordination between the two units. The operating staff from AnOpIVA 

may not have an overview of the length of surgeries performed the given day, as the 

information on planned surgery length is not written up on the whiteboard in the operating 

room area. Further, those responsible for surgery planning do not receive information in a 

timely manner on the early closure of an operating room and thus do not plan accordingly. 

The interview led to the information that a meeting with AnOpIVA staff would be organized 

so that the coordinators and decision makers at the surgical department could better match their 

surgery planning with the operating staff availability. Better utilization of operating rooms 

could be achieved by filling up the schedule with other shorter surgeries.  
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The complex organizational structure has also shown how there is lack of standardization 

between the department units in working procedures as has been discussed. Furthermore, 

decisions for planning surgeries are taken on different days of the week, which can complicate 

coordination between the department units. It is anticipated that coordination efforts which take 

place in the production planning meetings, occur very late in the decision process. 

Human factors and interaction in the planning process 

Apart from the coordination and production planning meetings there are human factors that 

affect the planning process and decision making. The effect of human interaction as it comes 

to planning of surgeries seems to differ to some extent from one department unit to another 

although all units seem to have a certain level of human interaction related to planning of their 

surgeries. The level of needed human interaction also seems to grow with the increased 

complexity of the surgeries being carried out by different departments unit. For benign 

surgeries the coordinators can do more of their planning on their own, while more 

communication is needed when the planning involves patients with more serious illness. As 

such phone calls with surgeons were sometimes needed to coordinate or to ask for a 

prioritization of patients which has then not been listed in Orbit.  

4.3.11 Utilization of operating rooms 

One type of the documents studied for the purpose of collecting data, was looking into 

documents which were retrieved from SAS VA through Cosmic, on the utilization of operating 

rooms.  

The utilization of operating rooms in early 2019, was further studied in the timeframe of a few 

weeks as is depicted in figure 12. A list of all the weeks studied is given in Appendix B.  

 

Figure 12:Utilization of operating rooms during week 13 in 2019 
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Figure 12, depicts all surgeries carried out during week 13 in 2019, where the focus is on 

surgeries performed during the normal working hours for surgeries being considered from eight 

in the morning until four in the afternoon. Surgeries performed outside those hours and during 

weekends are mainly emergency surgeries and are left out of the scope of the analysis.  

The situation analysis showed that the utilization of the operating room is fairly good, though 

there is room for improvement when it comes to the usage of the rooms. However, studies of 

these documents together with data from interviews revealed that the utilization of the 

operating rooms was not the main issue the surgical department is facing. Following this 

analysis, the observations of production planning meetings and the interviews which followed 

played a major role in the current situation analysis. Which instead shifted focus towards the 

patient flow and how the patients’ surgery planning can be matched with the bed capacity.  

However, there is room for future improvement when it comes to utilization of the operating 

rooms. Never-the-less, these improvements should be considered at later stages and 

optimization of the operating rooms could be a focus after solving issues with patient flow and 

matching the surgery planning with bed capacity. 

4.3.12 Patient flow  

The patient flow in the department very complex one as is described in this section, on the mix 

of elective and emergency patients and the ideal flow of patients into the surgical wards. 

Elective and emergency patients 

The patient flow into the surgical wards is twofold, emergency patients can come in through 

the emergency unit and elective patients come in through waiting lists. Emergency patients that 

need admission as inpatients, may further need to be operated or not. Emergency patients may 

additionally need immediate surgery or alternatively if they do not, can first be sent to the 

surgical ward. Those patients who do not need to be admitted as inpatients are discharged after 

their care. Elective patients come in through waiting lists and most of the elective patients at 

the surgical department need admission and at least an overnight stay while others are 

discharged the same day as the surgery is performed. Those patients who need to be admitted 

may either need to stay at the hospital the night before surgery or alternatively come to the 

hospital on the day of the surgery. The flow of elective and emergency patients into the hospital 

is depicted in diagram 3. The ideal flow of patients into the different surgical wards is then 

depicted in diagram 4. 

Currently emergency patients who do require surgery are about one third of all surgeries 

performed by the surgical department. In addition, emergency patients who do not require 

surgery but still require admission also occupy beds in the inpatient wards. On a daily basis all 

emergency patients occupy up to around fifty percent of all physically available beds in the 

surgical wards. However, with the current situation in the surgical wards the hospital is only 

capable of having fifty to fifty-five beds open out of sixty-five to seventy physical beds due to 

lack of staff and thus emergency patients take up an even larger percent of the available beds. 

With emergency patients filling up to forty to forty-five of those fifty to fifty-five beds, 

emergency patients are exhausting the available bed capacity and leaving little space left for 

planned elective patients who need admission.  
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Diagram 3: Inpatient flow for both emergency and elective patients 
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Patient flow to surgical wards 

 

Diagram 4: The ideal flow of inpatients into different surgical wards 
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Following the work on the map of ideal flow of patients as depicted in diagram 4, the data on 

surgical care days was analyzed in Microsoft Excel in order to track how many care days were 

spent in wards other than belonging to the respective department unit. This analysis is further 

depicted in table 5 and it should be stated that the analysis does not consider stays in wards 

outside the surgical wards of the department. For the convenience of the reader each row has 

been colored with the respect to the ideal surgical ward the patient should stay in. This analysis 

showed major discrepancies in data for the department units of colorectal and endocrine, 

between the data file and the figures on care days which was explored in the organizational 

documents received in paper form. This was especially the case for figures on care days for 

endocrine. Due to the discrepancies, this was followed up with an email to two of the 

interviewees.  

Table 5: The table shows the number of days patients from each department unit have spent in surgical wards and the 
percentage of care days spent in the wrong wards 

 

The discrepancies in data had some logical explanations and revealed changes to the patient 

flows, between the years 2018 and 2019, with regards to the wards that patients stayed in. First 

off, the answers revealed that endocrine patients stayed in ward 96c which belongs to 

gynecology for most of the year, and as a result analysis and further discussion of care days for 

endocrine patients is left out. Secondly, the patient flow for colorectal patients had changed 

from 2018, which were then sent to surgical ward 65A2. On basis of the answers received, the 

analysis was carried out again, but endocrine was left out of the analysis. The results are shown 

in table 6 assuming colorectal patients being sent to surgical ward 65A2.  

Table 6: The table shows the number of days patients from each department unit have spent in surgical wards and the 
percentage of care days spent in the wrong wards 

 

As the analysis reveals there is a high percentage of patients being sent to other surgical wards 

then they should ideally be sent to. The department unit of vascular is doing the best in this 

regard, and the exact reasons are unknown, although colorectal was mentioned in one of the 

interviews as the department unit which is considered to be in good balance and does not suffer 

from long waiting lists. Other units have a fair number of patients being spilt over to other 

surgical wards. Liver-pancreas, which is the only department unit who isn’t expected to share 
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their ward with other units, is doing second best when it comes to sending patients to the right 

ward.  

The production planning, production planning meeting and patient flow 

This current situation analysis will end with a discussion of how the decisions of production 

planning are currently being made, highly affect the patient flow through the system and into 

the surgical wards. In the current situation, each of the coordinators plan their surgeries 

separately and then planned surgeries are coordinated and an optimized planning schedule is 

laid out on Tuesdays. On Thursdays the team joins together again for the production planning 

meeting. At this stage no efforts have been made towards coordinating the surgery plan with 

regards to the patients’ length of stay in mix of elective patients which have been chosen for 

surgery for the upcoming week. This is the first stage in the decision process in which planning 

is made towards the bed management and starts to consider the required length of stay for the 

planned patients and comparing those to the expected discharge of patients already in the 

wards. 

However, the planning situation is complicated, and the tools used do not provide any real time 

sharing of information. None-the-less, the decisions being made in production planning 

meetings do only consider the total number of patients expected to come in and out of the 

wards. The surgery planning only considers aggregated flows of patients but fails to compare 

planned admissions and expected discharges for each and every surgical ward. Inefficiencies 

in patient flows are likely to arise, and consequently patients are being sent to the wrong wards. 

Furthermore, the lack of real time data tools causes lack of communication between those 

responsible for planning and those who work in the surgical wards. In the current situation the 

laid out surgery plan fails to inform the surgical wards on the planned stay for each and every 

patient due to the lack of real time data tools. 

4.4 Upcoming changes 

While there have been recent changes to the process of planning surgeries at the surgical 

department and changes that involved increasing the bed capacity that were undergone during 

the timeframe of this study, there are also upcoming changes that will affect the operations at 

the department. One of the interviews lead to information being revealed that currently a new 

house is being built which the surgical department will move into and carry out their surgeries. 

This could vastly change the operational performances of the department and greatly influence 

how for instance the scheduling is performed. However, the researcher of this study does not 

hold enough information on the planned activities involving the new building to include this 

into the current situation analysis or otherwise conduct any analysis on how this might affect 

future processes. Nonetheless as this master thesis is the first part of a study conducted between 

Uppsala University and Uppsala University Hospital, it is found relevant to introduce these 

upcoming changes both to the reader and for possible future researchers to carry on the work 

between the organizations.  
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5 Analysis 
This chapter is an analysis of how the empirical findings and current situation analysis relates 

to the literature review that was performed, in order to answer the proposed research questions. 

The chapter starts of by discussion of current practices at the hospital and how the analysis of 

the current operations was performed. The following sections aim to answer the research 

question in their respective orders. 

5.1 Analysis of current practices and identified problems 

Currently the work carried out at the operational level is at a crisis level where the staff is 

simply firefighting to try to keep the production afloat, by means of daily coordinating the 

planned surgeries with the available bed capacity.  

One of the first things that was tried to get an overview off during this study was to try to realize 

the real bottlenecks of the operations. However, this was simply done by means of an 

observational study, as simulation is not a part of this study. The initial understanding during 

the study was that utilization of operating rooms were the real bottleneck in the production. 

However, the empirical findings from both the interviews and documents studied indicated that 

this was not the case, but rather that much of the cancellations happened because of lack of 

available beds, which again can be traced to the lack of nursing resources. 

The department at the hospital is more or less working at full capacity or even over-capacity 

as the surgical department is currently receiving help from other wards at the hospital. 

Blanchard and Rudin (2015) discuss that hospitals which are operating at full capacity do 

operate in less efficient ways and those ways of working start to affect patients flow causing 

impacts throughout the system and prolonging the length of stay for admitted emergency 

patients. Several studies have identified the maximum bed occupancy rate ranging from 75-

90%, and De Vries et. al (1999) mention that utilization of beds should be considered 90% at 

maximum before running into admission stops.  

The real bottlenecks in the production are thus considered the available beds at the wards, 

which can be traced back to the lack of nursing staff. The empirical data has further shown 

there are inefficiencies in the patient flow and patients are being sent to other wards than those 

belonging to their respective department unit. As a result, patients are treated by less 

specialized nursing staff and the situation creates longer distances for doctors to check up on 

their patients. The empirical data gathered from the interviews further indicated that 

inefficiencies in patient flow might be a result of that coordinators are over-planning surgeries. 

This is most likely only true for part of the department units but getting an overview of which 

department units exactly where over-planning proved difficult. Trebble et. al (2010) mention 

overproduction, created by inappropriate scheduling and transportation, which causes longer 

distances travelled, as two of the eight types of waste in healthcare. The empirical data has in 

any case indicated that over-planning and high bed occupancy rates lead to waste in the 

working processes. Great level of extra work is created, for the staff handling the daily 

coordination, the coordinators which need to cancel and reschedule surgeries and additionally 

patients are being transferred between different surgical wards. 
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While flexibility in the usage of resources is considered an advantage in a production system, 

this study has identified this flexibility as a problem in the planning process. Those responsible 

of the planning do not have control over the staffing resources from AnOpIVA in the highly 

complex organizational structure and cannot plan them accordingly, and further there a lack of 

coordination between the units.  

5.2 The decision making process  

In this section the empirical findings will be analyzed against the theoretical framework by 

Vissers et. al (2005) and the previous work done by the authors in order to answer the first 

research question. The framework provided is built on five levels for planning which can 

translated into the three planning levels of strategic, tactical and operational levels.  

At the strategic level Vissers et. al (2005) mention that decision making should concern the 

markets to operate in and the type of services provided in that market for building a long-term 

vision for the hospital. As such decisions regarding the level of annual patient volumes to be 

reached and the long-term resources required for those volumes should be made. The empirical 

findings seemed to state that this was not the case regarding the operations at the surgical 

department at Uppsala University Hospital, as annual volumes were only known for HPB 

surgeries of the liver pancreas department unit. Little is known about the decision making 

process and how the policies set by governments restrict the decision making, as interviews 

were not conducted with top managers of the hospital. However, in any case if unknown 

decisions on annual volumes are decided at this level, there is a lack of vertical stratification in 

terms of information sharing and coordination with the lower planning levels. 

The same can be said to apply at the next level of the framework, the patient volume planning 

and control, as annual number per patient group or department unit are hardly decided if annual 

volumes for the unit as a whole are not determined. As such little is known about decisions on 

the amount of resources which are made available to the specialties. The only thing known 

being applied from this level of the framework is that historical data is regarding number of 

patients per specialty is explored, but how effectively it is being applied as input data for the 

planning and decision process is unknown. 

The decision making process regarding surgical planning was identified as a five-step surgery 

planning process. The five-step surgery planning process can now be positioned within the 

planning framework provided by Vissers et. al (2005), which includes then only the three latter 

steps of the framework and consists of tactical and operational planning.  

The scheduling part of the surgery planning process can be positioned at the third level of the 

framework the resources planning and control but interconnects as well with the fourth level 

of patient group control and planning. This is also reflected in the description by Batun and 

Begen (2013) that surgery scheduling and appointment scheduling to be closely related 

problems, and that surgery scheduling is a three-step process. The decisions regarding the 

allocation of resources seem to follow well the theories of the framework, where shared 

resources are first allocated according to the specialties by the production unit department at 

the hospital. This the authors refer to as the lump-sum allocation of resources and can also be 
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considered as the first stage of the surgery scheduling by Batun and Bergen (2013), where 

available times for each operating room is allocated among different specialties. At the next 

stage of the scheduling AnOpIVA informs about the availability of resources, which follows 

the steps of the framework of checking if the resources can be available for a given patient 

group when needed. At last the last stage, the department can adjust the scheduling in a more 

detailed manner by allocating time slots for given days of the week, which the authors refer to 

as time-phased allocation of resources and here the scheduling decisions reach the fourth level 

of the framework. The decisions regarding the allocation of resources seem to match well the 

decisions recommended by the framework, however decisions regarding the flow of patients 

seem to be less implemented. Though seasonal developments are taken into consideration, 

detailed forecasts on expected number of patients for the given specialties and the requirements 

for those patient groups seem to be less considered. This could result in a mismatch in the 

production supply and demand and a result of not enough vertical feedback on the capacity 

usage per specialty from the next level down the framework. 

The next three steps of the five step surgery planning process were identified as the weekly 

planning, the coordination meeting and the production planning meeting and can all be 

positioned at the fourth level of the framework the patient group planning and control. At this 

level of the framework restrictions on the availability of resources have already been set by the 

scheduling and the availability of specialist capacity has been taken into consideration, also 

with respect to seasonal influences. When it comes to planned elective surgeries the outline of 

the planning guidelines has already been set by the schedule, however further planning is left 

to the coordinators. At this decision level it was identified through observations of the 

production planning meeting and interviews held, that the planning is only done at aggregated 

level and lacks detailed control.  De Vries et. al (1999) discuss that aggregate control will in 

general be more found at the patient flow level versus the production unit level but express the 

need for both aggregate control and detailed control to be distinguished at both levels. The 

production for a given week however only considers the mass flow of patients, where the 

coordination team tries to sum up the expected amount of all patients coming into the surgical 

wards from all departments units and the patients expected to leave the wards, by using 

Microsoft Excel. In this way the decision makers only consider the expected number of all 

patients coming in and out of all the wards, instead of planning towards the specific surgical 

wards and linking information of specific planned patients to the right surgical ward.  

Linking information to specific patients identified another problem in the planning decision 

process, which is the information sharing and coordination between the planning level and the 

operational planning level. The staff in the surgical wards do not receive information on the 

planned length of stay of a specific patient, which has been laid out in the surgery planning 

process. And vice versa those responsible for the planning do not receive feedback on neither 

actual length of stay of specific patients in the wards, nor their expected length of stay or the 

expected departure day.  

Finally, in this level of the framework the authors discuss the need for decisions regarding 

patient mix, which is highly complicated at the surgical department, due to the mix of 

emergency and elective patients. As far as understanding of the different types of planned 
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surgeries performed at the department, the decisions makers do seem to consider the mix of 

patients for different elective surgeries to a certain extent. Cancellations of more benign 

surgeries however seem to happen more frequently due to the urgencies of patients with more 

serious illnesses. Moreover, the high volumes of emergency patients disturb the flow of patients 

coming for elective surgeries, and the author of this study has no real suggestions on how to 

consider this mix between emergency and elective patients, better than by looking into 

historical data on volumes of emergency patients. 

However, as it comes to the patient mix of planned surgeries, the boundaries between this level 

of the framework and the operational level where decisions of patients flows revolve around 

scheduling individual patients for admission, become unclear. And the author of this study 

argues, by the findings of the empirical data, that these two levels of the framework become 

quite interconnected. An identified problem in the planning process is considered the mix of 

elective patients with regards to their length of stay, and that the decisions made by coordinators 

on admitted patients lack all coordination between department units in this regard. Each of the 

coordinators do their planning for their department units separately, before they join for the 

coordination and production planning meetings. As such each of the coordinators could have 

chosen to admit patients who require a long stay at the hospital for the same day of the week 

which increases demand for beds for the upcoming days. There is thus a lack of horizontal 

coordination in the planning process, as coordinators do not consider the length of stay for 

given patient for a given day of the week. This is found likely to increase artificial variability 

in the operations as discussed by Hamrock et. al (2013). Closely related to this problem, it was 

found out by studying of the organizational documents that surgeries that were performed, 

tended to be fewer towards the end of the week. Cancellation rates of surgeries tend to be higher 

towards the end of the week, as a result of many operations being performed in the beginning 

of the week, or in other words patients already occupy all the available beds. These two 

mentioned factors are not unlikely to increase variability in the services and cause demand rates 

to change from day to day during the week, however the solutions are not clear cut. Chetouane 

and Barker (2012) discuss that arrival rates for emergency patient are higher on Mondays, 

which could be assumed to be an indication for reducing elective patients’ surgeries in the 

beginning of the week to further consider the patient mix and decrease the overall demand. On 

the contrary, Rohleder et. al (2013) discuss that previous studies have shown that by 

frontloading surgeries on Mondays and Tuesdays, has led to a more balanced loads on wards 

and the overall reduced need for ward beds. 

The fifth and last step of the five step surgery planning process was identified as a twofold 

process, consisting of daily coordination and daily planning and which can partly be positioned 

at the fifth level of the framework, the operational level of the patient planning and control.  

However, the boundaries between the operational level of the framework and the patient group 

planning and control are quite interconnected when it comes to scheduling of patients. The 

daily coordination thus to a great extent involves smoothing the activities on a daily basis, by 

adjusting the operations to the already laid out plan. It will be argued that decisions regarding 

patients flow on scheduling of individual patients, highly affects the decisions regarding 

resources. That is, how planning is currently being performed affects the efficient usage of 

beds. As the surgical wards operate more or less at full capacity the daily coordination revolves 
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mainly around finding any available bed to a given patient.  

The daily planning is affected by the scheduling of patients as well, as the decisions taken 

mainly revolve around how resources are allocated to a given patient.   

As is evident from the previous discussions, the decision making process regarding patient 

flows needs to be improved and suggests taking both a top-down and bottom-up strategy for 

better information flow and coordination between different planning levels. Moreover, 

categorization and classification of the different planning levels is difficult in reality and argued 

to be interconnected for levels of the framework. Never-the-less many of the identified 

problems in the study are argued to be at the tactical levels of the framework. 

In general decisions regarding resources seem to follow the structure of the production planning 

framework better than decisions regarding patient’s flow do. These decisions could be 

improved by providing feedback on the usage of resources all the way from operational level, 

but information on the service provided and volumes of patients for those services need to be 

distributed from the top, that is from the strategic level down the other levels. 

5.3 Simulation as a decision support tool 

In this section the analysis is focused toward answering the study’s second research question. 

Uppsala University Hospital is believed to be in a good situation for future implementation of 

simulation as a decision support tool, however as this section will reveal simulation is not the 

only real time data tool identified as needed to improve the processes at the hospital.  

The hospital makes use of the information systems Orbit and even before the implementation 

of Orbit the hospital was in possession of a lot of data, which is being automatically collected. 

The collected data is believed to capture the simulation input needs at least for DES simulation 

purposes. Certain discrepancies were however found in the data, and Gunal (2012) 

recommends using specific commercial software to analyze hospital data.  The data collected 

by Uppsala University Hospital consist for instance of categorization of elective and 

emergency patients, service times for surgeries patients contact id’s, age and operation codes, 

the operating rooms used as well as data on ward days, that is patients’ length of stay.  

5.3.1 Identified challenges 

The empirical data has never-the-less shown that Orbit is currently not connected to SAS VA 

and the data storage warehouses. Almagooshi (2015) discussed the use of real time data versus 

historical data for simulation purposes and pointed out the need for connecting the simulation 

software to the stored data to in order to access real time data. The access to real time data 

produced by Orbit might thus require further exploration and discussion between simulation 

modelers and the hospital’s staff.  As this study has previously discussed, the analysis of data 

for simulation has been difficult for the purpose of this study with limited access to the 

organization and its different information systems.  Moreover, the data used for simulation 

purposes also depends on the objectives of the simulation model and the intended level of detail 

(Hamrock et. al, 2013). This in turn has made the assessment of data troublesome, as the study 

only includes the initial steps for conceptual modelling and provides suggestions towards 

process improvements simulation effort should be aimed at. 
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Despite good possession of data there are other challenges to overcome both in technical and 

organizational terms. Further work will need to make an evaluation how simulation software 

can be embedded with Orbit as discussed by Barjis (2011) and Almagooshi (2015) and if 

software must in fact be connected to more than one information system. Orbit has also 

experienced beginners’ difficulties in technical terms which must be resolved. There are further 

organizational factors which relate to making efficient use of Orbit and perhaps further training 

in the use of the information system. Surgeons or other decision makers must enter patients’ 

information and their urgency into Orbit in order for the simulation software to make use of 

the information on patients and their conditions, so they can be prioritized accordingly. Sheila 

and Brailsford (2009) have mentioned this necessity of information being updated as treatments 

are scheduled according to the decisions made by the surgeons. They further discussed the 

challenge of modelling human behavior, and the current situation analysis has revealed several 

factors contributing to this issue. First of communication within the hospitals when it comes to 

surgery planning often involves human factors such as phone calls for coordinating between 

the surgeons and the coordinators. Additionally, the coordinators in some cases need to fetch 

information on patients’ condition into other medical records, in which cases simulation models 

would have difficulties in capturing this type of information. Sheila and Brailsford (2009) 

finally mention simulation models capabilities of capturing individuals’ decisions such as 

closure of a department. The empirical data has shown that the surgical ward 85 D2 at Uppsala 

University Hospital is closed for 3 out of every ten weekends and in addition individual beds 

in the wards may close both during weekends and specific days of the week due to shortage of 

staff. Further the empirical data revealed the sudden closure of operating rooms due to shortage 

of staff from AnOpIVA. A simulation model must be able to capture these human factors or 

alternatively provide the end user with the option to change these parameters within the model. 

As is evident, some of these human factors may be easier to solve by better standardized 

working procedures, but factors as human communication might be more difficult to capture 

in a simulation model. As has been discussed no proposition was found in the literature review 

on how to solve those issues and further discussion is left out. 

5.3.2 Suggestions towards process improvement  

Kalman (2002) discusses that most organizations have between five to eight core business, 

though hundreds of processes usually exist as well as thousands of subprocesses. The core 

processes can be categorized in many several different ways, including production and 

administrative processes. As has been mentioned in this study, processes in healthcare are 

found vague, unclear and lack from standardization, and identifying the processes in this case 

has proved extremely difficult. As is evident, this study has mainly focused on the 

administrative process of decision making for surgery planning. However, the decision making 

process highly relates to and affects other working processes and procedures. As such, this 

study has identified several suggestions towards process improvement which can be considered 

as current and future needs for improvements. While some of these could be improved by 

decision support tools, other factors such as training of staff and standardization of work 

procedures are less obvious to be solved with support tools such as simulation. However, those 

improvements could support more efficient use of simulation as a decision support tool. 
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Other factors such as improved communication and coordination are identified as important 

factors to improve patient flow through the hospital, which could be supported by the usage of 

simulation for decision making. In order to improve the patient flow through the hospital, 

supporting bed management decisions has been identified as a major source for improvement 

for this case. Hamrock et. al, (2013), discuss that DES is capable of demonstrating the negative 

impact on patient throughput and waiting times being caused by high bed occupancy rates. 

Increased patient throughput could be achieved through improved bed management decisions 

and act as a pull strategy by discharging patients quicker. 

Hamrock et. al, (2013), however state that for the concept of building a model, the different 

steps such as process mapping and data gathering are valuable for understanding current 

operations to trigger ideas for improvements. However, real process improvements are shown 

by means of validation of a simulation model. 

Increased patient throughput and improving patient flows can be achieved through better 

surgery planning, by considering bed management controls and should thus be considered as 

suggestions for towards process improvements. Those should be considered as suggestions for 

the most urgent and current needs. Future needs on the other hand might call for process 

improvements towards optimizing the operating rooms and for improving decision making at 

a strategic level.  

5.3.3 Choice of simulation methodology and choice of simulation software 

The request from Uppsala University Hospital was to explore how simulation could aid in 

surgery planning at the operational level, specifically with FACTS Analyzer.  

When it comes to the choice of simulation software, it has been discussed that not many 

simulation software offers solutions for the use of hybrid or even multi-method approaches. 

Apart from the choice of simulation software depending on the chosen simulation method to 

be used, there are additionally three factors which should be taken into consideration when 

choosing the software. Those are the intended level of interaction the end user wants or should 

have with the model, the level of detail or the complexity of the model and finally the skill of 

the developer (Barnes et. al, 2013).  

One argument towards choosing FACTS analyzer as the simulation software for the hospital, 

is if the future developer has specific skills towards using the software. Furthermore, FACTS 

analyzer has many advantages which could prove useful for surgery planning at an operational 

level. The software’s optimization features, which could prove useful to explore different 

performance measurements and visibility features and capabilities to automatically detect 

bottlenecks which can be used as a tool for communicating with the users and decision makers 

as mentioned by Gunal (2012). Finally, the newest feature is the integration of C++ 

programming for building customized solutions, which could prove helpful for flexible model 

building in the complex hospital environment and the level of detail as mentioned by Gunal 

(2012). The disadvantage of FACTS analyzer is that it provides the possibility of DES 

modelling, and AnyLogic is the only simulation software solution according to the literature 

which can combine all the three simulation methodologies ABS, SD and DES.  
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As the empirical data has shown the situation in the operations are faced with several challenges 

which often need to be met with firefighting and thus shows the most immediate need for 

improvements. The literature review revealed that DES is the most common simulation 

methodology used in healthcare and for process improvement at the operational level, and the 

hospital is believed to be in a good position for future implementation of a DES model. As such 

implementation of a DES model is identified as the correct tool to support decision making and 

surgery planning at an operational level. Using DES could furthermore support the bottom-up 

feedback for the decision process.  

However, despite the current needs for problem solving at the operational level, the study has 

indicated a need for better decision making at the strategic level and further coordination with 

a top-down strategy. Simulation is a tool which could help with better decision making and 

forecasting of patient volumes at the strategic level, but the literature indicates that other 

methods than solely DES would be best suited as such. As such either using hybrid or multi-

method approach of different simulation methods could support decision making at a strategic 

level too. The ABS methodology has also been identified as applicable for usage at strategic, 

tactical and operational levels, but has been less researched in regards of application to 

healthcare. The ABS method is however thought of showing promising features for future use 

and could also prove useful for supporting decision making at a strategic level. 

5.3.4 The decision support tools 

Rohleder et. al (2013) mention that lack of coordination between healthcare resources has been 

a problem leading to delays in patient treatments.  They further state that clinicians consider 

the issue from the perspective of the frontline staff and consider improved communication and 

information sharing as a major focal point for improvement. 

While simulation is certainly a tool which is believed could prove useful in the hospital’s 

operations, the empirical data has identified that the staff views the problem as a lack of real 

time data tools which can be viewed basically from wherever within the hospital’s department 

and which additionally provides the same overview for all the staff involved. The staff is 

working with primitive tools, Microsoft Excel for production planning and simply notepads for 

an overview of their bed availability and for controlling the flow into the wards according to 

their own subjective perception of the flow of out of the wards. 

The major process improvements identified are considered efficient patient throughput, in 

which (Landa et. al, 2015) state requires a high degree of coordination and communication of 

the staffing and facility resources involved. The bed management function is further especially 

critical to patient flow, which requires tools for bed controls in order to improve 

communication. A part of this improvement to for bed management is better information 

regarding bed availability, where patients’ discharges must be entered immediately into 

information systems and planned discharges ought to be frequently reported the day before the 

discharge is to occur (Hall et. al, 2013). Landa et. al, (2015) further state that the control of 

patient flows, is impossible without the support of an online system, for identifying in a timelier 

manner information about pending admissions for available beds. Such an online tool could 

support hospital bed managers in their daily decision making by collecting information from 

emergency units and inpatient wards. 
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The empirical data has shown the lack of communication and overview for the bed 

management at the hospital. Those responsible for surgery planning and daily coordination 

lack an overview of the patients’ discharges, as the right tools are missing. Information on 

patients that have been discharged do not track back to the decision makers nor do they receive 

information on their planned discharges or their actual length of stay. In the same way the 

information on patient’s planned length of stay, which is produced by the production planning 

meeting but traces back to the decisions made by surgeons, is not received by the ward staff. 

Due to the missing information the ward staff thus fails to discharge patients at the planned 

time. Or alternatively report their discharge too late, causing delays to their discharge and 

information feedback on available beds happens too late. Combined with the lack of 

coordination between coordinators on patient’s length of stay, those are a current cause for 

surgeries being planned and then cancelled.  

The decision support needed in the hospital’s operations are thus considered not to be only 

simulation tools, but tools which provide solutions in similar ways as Taaffe et. al (2016) 

provided the solution of a DES simulation model incorporated with a mobile application. These 

kinds of decision support tools could provide the staff with real-time data tools in which they 

can access information wherever their work is being carried out. 

While strategic capacity decisions lay the constraints for tactical and operational level 

decisions, Rohleder et. al (2013) state that the system performance cannot reach its optimal if 

effective operations management is not applied at the lower levels for coordination with the 

higher level capacity. Providing the hospital with previously discussed tools for decision 

making could thus both improve the performances and additionally provide the needed 

feedback on the usage of resources which is needed for the bottom-up strategic part of 

coordination. However, such tools would not support decision making at the strategic level.  
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6 Discussion 
In this chapter the findings of the study are discussed, along with practical and theoretical 

implications that have been encountered during the study. Further discussion is given on future 

needs and further work that can be carried out. 

6.1 Discussion of findings 

For this study the listed purpose was to identify, if and in what ways, simulation could become 

a decision support tool to aid in the surgery planning and decision making, as well as 

identifying what process improvement simulation efforts should be aimed at. 

The findings of the study have revealed that simulation is not the only decision support tool 

needed for as it comes to the whole decision process for surgery planning. In fact, to consider 

the downstream resources for aftercare of patients, the study has shown that in order to support 

decision making the staff requires real time data tools to support bed management decisions. 

The study has shown considerate room for improvements in communication, information 

sharing and coordination in the planning and decision process which could support bed 

management decisions. As such, including theories of Lean methodology may have been 

suitable for looking for process improvements during the study, which however was not done 

due to time constraints and the extensive literature review already made. Rohleder et. al (2013) 

mentioned that communication and information sharing were a major key towards 

improvement for coordination. The authors further state that without coordinating the services, 

the downstream resources for patient aftercare will only be reacting to upstream decisions.  

The lack of coordination in the hospitals services has further be analyzed in many different 

areas and can thus be seen to be supported by multiple different methods. First by considering 

the utilization on downstream resources two different techniques can be identified. A real time 

data software such as a mobile and/or a tablet application could support the hospital’s staff with 

bed management decision and in adjusting the hospital’s operations to the laid out plan. Such 

a tool could furthermore improve communication and information sharing between AnOpIVA 

and the those responsible for the surgery planning. Information on the short-term availability 

of staffing resources could be shared with such a tool and thus support the decision making for 

surgery planning. DES could then, in addition to supporting bed management planning, support 

the planning process itself by coordinating the decisions between department units when it 

comes to the mix of elective patients scheduled for individual surgeries. An important factor in 

this respect is the mix of elective patients with respect to their expected length of stay. This 

study has shown that there are previous examples of embedding of those two kinds of tools to 

improve communication and coordination for better patient flows. Incorporation of the tool in 

reality, is though most likely a complicated procedure with respect to different mobile phone 

operating systems. The advantage of such a tool is however that less interaction may be 

required by the end-user with the simulation model itself. By incorporating the third method, a 

hybrid or multi-method simulation would be best suited with to support the whole decision 

process. Incorporation of the third method could improve coordination of the whole decision 

process, taking into account the long-term prospect for surgery planning. It should however be 
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mentioned, that studies show that DES has previously been applied for problem solving and 

decision support at a strategic level.  

This study has further shown that decisions in the surgery planning decision process are to 

some extent based on individual preferences, especially those by surgeons. Moreover, an 

important aspect to implementing simulation as a decision support tool is that decision support 

tools cannot completely replace human decisions (Tànfani and Testi, 2012). This study has 

identified some challenges which need to be overcome for successful implementation. One of 

those identified challenges is human factors, as has been mentioned by Sheila and Brailsford 

(2009). This study has shown the interventions made by the coordinators, which may need 

fetch information on a patient to react to a suddenly worsening situation of a patient. In such 

cases re-prioritization of patients may involve human intervention and decision making and 

might require adjustments to a surgery plan made with a simulation tool. Bearing this in mind, 

simulation models have their limitations in decision making and Tànfani and Testi (2012) state 

that a decision support tool cannot indicate the best solution in all cases, but rather help with 

assessing the right choices.  

Furthermore, to support the efficient usage of a simulation decision support tool, the hospital 

may need take actions with regards to better working procedures so surgeons will fill in the 

prioritization of patients as needed. A simulation model can never yield the best planning 

results without that required information. Furthermore, phone calls were another identified 

challenge towards practical usage of a simulation tool, that may be needed to coordinate the 

plans with the surgeons or to ask about patients’ prioritization. It was further identified that 

coordinators cannot change missing information in Orbit on patients’ prioritization. Change of 

access right for coordinators, so that they can list the information in Orbit could possibly be 

seen as one way to tackle the issue to support more efficient usage of the simulation tool.  

There are many other points that have been discussed in the findings of this study which could 

be brought to light. The study has identified suggestions towards process improvement in 

which simulation could aid as a decision support tool. Never-the-less, those are suggestions 

and validation with simulation could render difficult results towards improvements. One major 

point in which this study has not been successful in identifying any points towards 

improvement is in the mix between elective and emergency patients. Further studies might 

need to take the patient mix between those two categories of patients into much further 

consideration due to the high volume of emergency patients.     

6.2 Discussion of methods 

This thesis has followed a mixed methods approach of qualitative and quantitative and has 

included many different study methods. The qualitative approach is still considered the main 

method of the study and was taken as a priority method. The quantitative approach is thought 

of facilitating the qualitative part and this strategy was taken from the beginning of the study. 

The various study methods have all supported the findings of the study, and as such the non-

participation observations of the production planning meetings played a major role as a starting 

point for the main results of the study. These were later further explored by studying 

organizational documents and finally by carrying out an interview, in which all the included 
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study methods supported the findings. Bryman and Bell (2011) discuss that one of the main 

ways that quantitative research facilitates qualitative is through selection of people to be 

interviewed. The non-participation observations of this study enabled the researcher to identify 

and get in touch the right people to interview for this study, which also led to more access to 

organizational documents in the end. Even if other interviews had been carried out beforehand, 

interviewing those people led to the main findings of the study. 

The disadvantage of this approach taken is obviously the various study methods undertaken 

have gathered a lot of empirical findings which have been time consuming and at times during 

the study made it difficult for the researcher to see clearly which parts to focus on in this 

complex environment. 

This study has furthermore taken on an abductive strategy which allows for interaction and 

iteration between the theory and empirical data. The researcher argues this was the best strategy 

taken for this study in which he would follow again for a similar study. The abductive strategy 

allowed the researcher to start exploring theories related to the study and get familiarized with 

methods taken in a working environment he was interested in but knew very little about. As 

such the approach taken has also allowed for exploring ever more theory as more empirical 

data was gathered. Never-the-less the researcher could argue that some parts of the study have 

are more of an inductive nature which had negative effects on the study. Theories on production 

planning was explored late in the process and can to some extent be explained by how late in 

the process the findings related to the theory surfaced. But furthermore, how the theories made 

sense to the researcher in the hospital context and as such can be explained by the limited 

knowledge of the researcher of the hospital’s operations. Other parts such as process mapping 

on the other hand can be argued for having more of a deductive nature and can be in a similar 

manner explained that the researcher had previous knowledge of process mapping. Not enough 

was however understood about the hospital’s processes and the value adding stages to include 

value stream mapping in the study, which might have a negative impact on the quality of the 

study. 

Finally, this thesis is built on an analysis of a single case which is often concerned with gaining 

an understanding of the complexity and nature of the specific case. The case study design has 

fitted the research task well and provided the researcher with the ability to gain insight into the 

operations and collect data by the multiple study methods. The case study design has been 

beneficial to the researcher by providing an understanding of how decisions regarding surgery 

planning are made. The collected data has one by one put together the pieces of the puzzle in 

how the decision process is made. 

The disadvantage of the case study design is often considered generalizability or external 

validity. The detailed understanding of the operations is closely linked to the specific case, and 

as such it is difficult to apply the findings of the study to other cases in a general sense. Never-

the-less, as supported by many other studies, many hospitals face problems regarding surgery 

planning. As such parts of the studies could prove helpful for other similar case studies, by 

relating to the decision making process and how technologies provide opportunities for using 

decision support tools. 
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6.3 Difficulties encountered in the thesis process 

During the process of this master thesis several implications, challenges and problems have 

arisen. Within the initial time frame of this master thesis which was towards the end of May 

2019, the initial objective was to build a simplified simulation model to support decision 

making at the operational level. As has been previously mentioned, much of the real process 

improvements are to be found out by actual usage of simulation methods, and thus identifying 

those improvement efforts proved challenging without the method. Not enough was understood 

about the processes at the hospital to find this viable within this timeframe. It was not until the 

middle of or even towards the end of April, which more was understood about the processes 

and how decision making regarding surgery planning was done. In the researcher’s mind this 

is both due to the vague and unclear processes at the hospital, as has been mentioned in the 

literature review and in other previous studies, but also due to access to the organization. 

Regarding access to the organization, this is encountered both as towards limited access to the 

organization, such as the organization’s information systems and documents but also access to 

employees and meetings. Limited facility access has been mentioned in previous studies as a 

challenge when it comes to simulation studies and further discussion about the topic is 

encouraged between participants for the future work to be done. It should be stressed that every 

participant in this project has been very helpful and cooperative in the process, but in terms of 

access to employees and meetings, especially production planning meetings, it has proved a 

real challenge in the process. Appointments were scattered and were cancelled on several 

occasions, which proved a real challenge for the purpose of this work especially within the 

initial time frame. The cancellations of interviews or meetings were in most cases due to the 

heavy workload on the staff or other situations such as sickness and could hardly be altered or 

dealt with in another way. 

In addition, the literature review done during the study discusses that few simulation projects 

end with successful implementation. The literature also expresses the need for team 

collaboration of many experts and discusses the length of time to build real simulation models 

in healthcare. In the researcher opinion building a simplified model within the timeframe of 

the study was not a suitable option due to the previously mentioned factors. 

The real practical problems however, were to a great extent the fact that meetings were held in 

Swedish, while the author of this study is not fully fluent in Swedish. Furthermore, some 

organizational documents were in Swedish, and gaining an understanding of especially the 

hospital’s data proved problematic. As a result, as not enough understanding was gained about 

the organization and its operations and processes until late in the progress.  

Finally, another implication to the process was relating the literature theory to the findings of 

the study and the practical problems at Uppsala University Hospital. Further attention to the 

topic is given in next section. 

6.4 Misleading focus 

Much of the literature studied at first, focused on simulation studies only and a great deal of 

the studies used quantitative methods which proved difficult to relate to the qualitative parts of 

the study. The result has perhaps led to a misleading focus and affected the quality of the study. 
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With the final purpose in this thesis, of identifying the initial stages of simulation models for 

building a conceptual model, it could however be argued that qualitative aspects become an 

important factor for building such models. Brailsford (2007) stresses the importance of the 

qualitative approach in his study, which provides insights for process mapping. This study and 

the future work to be carried out, could profit from incorporating these methods to build a 

conceptual model and perhaps the outcome for the further work to be carried out could thus 

benefit from the qualitative parts taken at the early stages of the whole process. 

Never-the-less, in the author’s mind further attention should have been given to literature 

regarding operations management, production- and capacity management and planning earlier 

on in the process for better understanding of the hospital’s operations and how these topics 

relate to the planning process in hospitals.  

As a result, some data of the empirical chapter which was gathered during some of the 

interviews might feel unnecessary now. However, the empirical data has still generated 

information which proved helpful for a complete perspective over the current practices. The 

author also hopes that the gathered empirical data will prove helpful for the future work to be 

carried out. 

6.5 Further considerations 

As has been discussed the initial understanding of the researcher was that operational 

inefficiencies stemmed from utilization of operating rooms. In this regard the understanding 

was such that those acted as a bottleneck in the production and the hospital wanted to optimize 

the utilization of the operating rooms. In reality this is of course the case, that is that the hospital 

wants to maximize the utilization of the rooms and it has been discussed although the rooms 

are fairly well utilized. However, there is still room for improvement, and which have been 

identified as a future need. Never-the-less, when all beds are full in the surgical wards it is 

difficult to utilize the rooms better by performing surgeries on patients which need to be 

admitted into the wards. In such case, the only way to optimize the utilization of the rooms for 

better usage would be to fill up the surgery plan with shorter and more simpler surgeries for 

patients which do not need to be admitted.  

This became a real practical problem for the case as it was limited to the scope of the operating 

rooms introduced by the schedule. However, the operating rooms are shared with the clinical 

departments of urology and gynecology. To compensate many of the outpatient surgeries are 

performed in operating rooms at Sammariethemmet, which is outside the hospital’s main 

buildings and were excluded from the scope of the study. 

Highly related to the issue of optimizing the operating rooms are the upcoming changes for the 

surgical department. As the department will move to a new building this could have an impact 

on the production agreements made and how the department shares operating rooms with other 

clinical departments, which could vastly affect the decision making process. Little is known 

about the changes, but if the department will have more control over the decisions taken this 

could affect how scheduling is made and how future improvements are considered. 
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Finally, depending on the simulation methods and software chosen and improvements made, 

the hospital might need to consider other strategies for decision making at a strategic level for 

fulfilling the top-down part of the strategy. If future demand continues to grow, the hospital 

might need to employ demand management strategies for limiting the demand. The hospital 

might possibly direct patients who require more benign surgeries to other hospitals within the 

Uppsala region which don’t offer the same kind of highly specialized services. 

6.6 Future work 

Future work can be further divided into how further work can be continued for simulation 

implementation at the hospital and how research within in the field could be conducted. Further 

work with the hospital should start off with discussion of suggestions for improvements. 

Discussions on the choice of simulation methods and software are encouraged with the 

hospital’s future needs in mind. On the basis of process improvements agreed upon, further 

decisions regarding which data exactly the model should make use of are needed, as well as 

assuring the quality of the data. Further investigation of how a simulation model may be 

connected to Orbit is needed as well is if it will be required to connect the model to other 

systems within the hospital. Further data analysis may also need to be carried out, perhaps with 

more sophisticated tools than Microsoft Excel. One important aspect is to investigate is how 

constraints within the operations can be included in the model. As such the future work will 

need to take into consideration how the hospital staff can adjust the model’s parameters due to 

changes in operations such as staff and facility availability, closures of beds or wards and 

periodic changes to the schedule. One important factor to investigate is if the end users could 

make such kind of parameter adjustments with other software such as a mobile or tablet 

application. 

Further this research does not include any specific findings towards planning decisions of the 

patient mix between emergency and elective patients, which might need to be taken into much 

further consideration due to the high volumes of emergency patients. 

For further research within in the field it has been stressed that the external validity of the study 

is considered relatively low. None-the-less as surgery planning is considered a wide spread 

problem, and as such this research could be a base for similar studies integrating different 

technology solutions. Further studies within the field on integration of health information 

systems, simulation software and mobile applications for real time data decision support tools 

could be of interest. Such studies could further address the impact surgery scheduling has on 

other downstream resources, such as nursing staff. It could further consider the mix of elective 

and emergency patients to greater extent.  
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7 Conclusion 
This chapter concludes the study by giving a summary of the result of the study and the current 

and future needs.  

7.1 Conclusion 

Surgery planning in hospitals is considered a very complex process due to the various decision 

variables that need to be taken into consideration. Those responsible for surgery planning need 

to deal with decisions regarding the many different resources and the variability of service 

times. Those responsible for the surgery planning decision process are however considered to 

lack the right decision support tools to help them out. Simulation is a method within the field 

of operations research which has been applied to surgery planning to look for process 

improvements and has been applied in many different contexts but is however often applied 

using simplified approach to the surgery planning problem. 

This thesis is a case study which was conducted at one of Sweden’s largest hospitals and was 

focused towards seven out of fifty-one operating rooms at the hospital. The purpose of the case 

study was to identify, if and in what ways, simulation could become a decision support tool to 

aid in the surgery planning process and decision making, as well as identifying what process 

improvement simulation efforts should be aimed at. 

To fulfill the purpose of the study, two research questions were listed. The first research 

question was “What does the decision making process for hospital production planning look 

like and how could it be improved?” 

The study made use of a theoretical framework as a frame of reference for the planning 

decisions made. This study has identified the surgery planning process as a five-step process 

which consists of decisions taken at tactical and operational levels. However, as the production 

planning is concerned, the decisions taken at those planning levels are highly restricted by the 

decisions taken at the strategic level. At the first two levels of the framework it was identified 

that decisions on patient volumes and patient volumes per specialty are either not made or not 

made clear to those responsible for the surgery planning. As such it was identified there is a 

lack of vertical stratification in terms of information sharing and coordination with the lower 

planning levels. Decisions at this level of the framework can highly affect the lower levels if 

faced with too much demand.  

The scheduling part of the surgery planning process was positioned at the third level of the 

framework with arguments that it interconnected with the fourth level, which both can be 

considered as tactical levels. The decisions regarding resources followed well the theories of 

the framework, but decisions regarding the flow of patients seemed to be less implemented. As 

such detailed forecasts on expected number of patients for the specialties and the requirements 

for those patient groups seemed to be less considered. This could result of lack of decision 

making or information sharing at the first two levels of the framework and a result of not 

enough vertical feedback on the capacity usage per specialty from the next level down the 

framework. 
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The next three steps of the five step surgery planning process were identified positioned at the 

fourth level of the framework, which is considered at a tactical level. Several identified 

problems were associated with these three steps in the planning process both in terms of 

horizontal and vertical coordination. It was identified that the planning is only done at 

aggregate level by considering the mass flow of patients coming in and out of the surgical 

wards. The planning lacks detailed control where each patient should be planned to the 

respective surgical ward belonging to the department unit. 

Another identified problem is associated with the fact that decisions on the mix of elective 

patients lacks considerations regarding patients’ length of stay. No consideration is given to 

the accumulated plan with regards to the length of stay for all planned patients, until the 

production planning meeting. There is a lack of coordination in the decision process between 

department units regarding the length of stay for admitted patients and those decisions need to 

be considered earlier on in the process.   

The lack of detailed control identified yet another problem in the planning decision process, 

which is the information sharing and coordination between the planning level and the 

operational planning level. It was identified that the staff at the operational level, that is the 

staff in the wards does not receive information on the planned length of stay of a specific 

patient, as it has been laid out in the surgery planning process. Similarly, those responsible for 

the planning do not receive feedback on neither actual length of stay of specific patients in the 

wards, nor their expected length of stay or the expected departure day.  

It was argued that many of the identified problems are related to decision making at the tactical 

level. It was also identified that in general decisions regarding resources seem to follow the 

structure of the production planning framework well, while decisions regarding patients’ flow 

need to be improved. The decision making process needs to be improved taking both a top-

down and bottom-up strategy for better information flow and coordination between different 

planning levels. These decisions could be improved by providing feedback on the usage of 

resources all the way from operational level, but information on patient volumes need to be 

distributed from the top of the strategic level down the framework. 

The second research question was “How could simulation become a decision support tool to 

aid with surgery planning in the hospital setting, and what process improvement could it be 

focused upon?” 

As this study has shown, simulation is not the only decision support tool needed at the hospital. 

The study suggests process improvement by means of improved patient flow to increase patient 

throughput with the hospital’s current needs in mind. It has been identified that improved 

information sharing, communication and coordination are important factors towards such 

improvements, for better support of bed management decisions. Those improvements are 

considered as decisions at an operational level in which DES is identified as a simulation 

method which could aid with decision making in the surgery planning process. It has further 

been identified that the incorporation of the simulation software with an online system could 

support the decision making as real time data tools. The decision support tool is considered to 
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preferably be a mobile or tablet application in which the hospital’s staff can access information 

wherever their work is being carried out.  

Implementation of such a decision support tools, could support bed management decisions and 

the daily coordination as information could be collected from the inpatient wards. Furthermore, 

with such a tool, information on planned length of stay for patients would be received by the 

surgical ward staff which could report and plan their discharge accordingly. Providing the 

hospital staff with such information, would obviously not reduce the length of stay for each 

and every patient, as a patient’s discharge is dependent on several factors. However, the overall 

length of stay could be reduced by discharging patients at the their previously planned stay, 

and the improved communication patterns could act as a pull strategy for discharging patients’ 

faster and reducing the demand on hospitals beds.  

Implementation of such a tool could provide the needed feedback on the usage of resources, 

needed for the bottom-up part of coordination for the surgery planning process.  

It has further been identified that future needs at the hospital might call for process 

improvements towards optimizing the operating rooms. Such improvement efforts could be 

seen as an extension of the discussed decision support tool but are probably best applied if 

previous progress is made towards reducing the demand on the hospital’s beds. 

Moreover, this study has indicated, that despite the current needs for problem solving at the 

operational level, that there is need for better decision making at the strategic level or in any 

case further information sharing and coordination with a top-down strategy. Simulation is a 

tool which could help with better decision making and forecasting of patient volumes at the 

strategic level. However, to additionally support decision making at a strategic level in addition 

ABS, hybrid simulation or multi-method approach of different simulation methods are found 

more suitable if the hospital’s future needs are taken into consideration. 
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Appendices 

 

Appendix A: Interview guides  

Interview guide for coordinators   

1.      How are the goals for surgeries set? Are there strategic, tactical and operational performance 

goals set? 

a.      Is there a strategic goal for how many surgeries your department unit does per year/month/week? 

b.      Capacity versus demand? 

c.      Are the number of surgeries for your department usually (about) the same from week to week? 

Are there constraints on min and max operations your department performs during one week ś period? 

Are there certain types of surgeries that would need to be done within the upcoming week? 

2.      Where does the decision (who makes the decision) come from on how many surgeries your 

department will conduct the following week? 

3.      How do you pick patients from queue when you pick patients for next week’s surgeries? 

a.      Which patients are sent to which wards, in other words if and how do you consider the surgery 

type if the patient needs to be sent to a ward afterwards? 

b.      How long ahead have you planned surgeries? 

4.      If so and how, do you coordinate the decision with surgeons or other staff members from your 

department? 

5.      How are decisions made regarding the mix of elective and emergency patient surgeries made? 

a.      Is there a certain leeway in the schedule for emergency patients or are emergency surgery rooms 

kept vacant for those types of operations?  

6.      Are cancellations of surgeries in your department a weekly occurrence? If so, could you list some 

possible reasons? 

a.      How do you handle persons that need to be rescheduled? 

7.      Who takes the decisions of which patient is operated in each operating room? 

a.      Does your department operate mainly in certain operation rooms? 

b.      Are certain operations rooms better suited for certain types of surgeries? 

c.      Are there specific operation rooms that are used for emergent cases? How are decisions   

regarding which operations rooms are emergency rooms taken?  

8.      Do you consider the required length of stay for a patient when you pick the patient for surgery? 

a.      Do you consider any seasonal changes when considering surgeries? 

9.      How do you consider available resources when you make decisions for surgery the week? 

a.      How do you consider the staffing resources available? 

b.      How do you consider available beds? 

c.      Do you need to consider the date and time of day when you make decisions for surgeries? Are 

there other considerations needed for Thursdays and Fridays? Is sequencing considered/done 

otherwise on these days of the week? 

d.      How is specialized equipment that is needed evaluated in the decision process? Does that need to 

be considered depending on the day of the week or which operations room is available? 

e.      How is prioritizing of surgeries (i.e. cancer patients) done or considered in the decision process? 

f.       How are surgeries sequenced for a given day? Are shortest operations put first on the day’s 

schedule?  
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10.   What other constraints or requirements do you consider when you schedule surgeries for the 

upcoming week? 

11.   Do you use Orbit at all when you are scheduling/planning surgeries for next week? 

a.      Is scheduling surgeries a week in advance challenging? 

b.      Is the information on prioritizing of patients updated in Orbit? That is does the information on the 

patient update in real time if he needs a new prioritization? 

12.   How are your decisions regarding surgeries affected by the production agreement of AnOpIVA? 

13.   What kind of information do you store in your notebook? 

a.      Does the shift to using Orbit to plan surgeries change the procedure, could patients possibly be 

lost or forgotten if it was not for the information kept in the notebooks? 

14.   Are there tension within your department/between departments that you feel hinder your 

department from carrying out as many surgeries as the department would otherwise be capable of? 

a.      How about the production agreement with AnOpIVA? 

15.   Do you consider the process flow of planning surgeries to be good? 

a.      Are there improvements that you could think of? 

Interview guide for organizers  

1.      How are the goals for surgeries set? Are there strategic, tactical and operational performance 

goals set? 

a.      Is there a strategic goal for how many surgeries each department unit does per year/month/week? 

b.      What are the set strategic objectives? 

                                                    i.  Financial objectives 

                                                   ii.  Number of surgeries – reducing the number of patients on waiting lists 

                                                  iii.  Staff’s workload 

c.      Do you have set strategic goals for the next few years? 

2.      Can you list for me the different wards that patients are sent to, from the central operations? 

a.      How often do you need to engage in a conversation with the wards? 

b.      How do you consider the capacity versus demand? How are your estimations made regarding bed 

availability in the wards? Do you look into any data? 

c.      Is there any communication with the coordinators regarding the availability of beds in the wards 

except in the production planning meeting? 

d.      How often do you need to check with the wards for bed availability? How long ahead are you 

looking (for the number of beds)? Do you need to update this daily? Do the coordinators 

communicate with the wards at all? 

e.      How are you estimating the planned stay for patients? Do you make calculations and how then?  

3.      How are emergency patients being estimated? 

a.      How do you take into consideration beds needed for emergency patients? 

b.      Do you look at or consider any statistics on emergency patients? 

c.      Are you allowing enough space for emergency operation rooms in your schedule? 

d.      Could operating emergency patients right away reduce bed occupancy?  

4.      What is your use of Orbit and/or other systems that you use for your decisions? 

a.      Do you get more data since you started using Orbit? 

b.      Are surgery times recorded differently in Orbit then it was before? 

5.      Are the number of surgeries for each department usually (about) the same from week to week? 

a.      Do you consider the daily (weekday) average staying in each ward compared to the daily 
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surgeries carried out by each department? 

b.      Are there certain department units where the waiting list are growing more than in others?  

6.      Have you considered having the production planning meeting before the coordination meeting?  

7.      How do you take cancellations into account for your strategic objective? 

a.      What is your view on the main cause of cancellations? 

b.      Do you look into any statistics? 

c.      Have you considered what day of the week you are having most of your cancellations? 

d.      Have you considered which department units have the most cancellations? 

e.      Have you looked into patterns of cancellations from week to week? 

f.       Are certain operating rooms being worse utilized than others? 

8.      Are there improvement you can think of in the process flow of planning surgeries? 

a.      What are the complications? 

9.      What kind of tool would you consider to be helpful in the decision process? 

a.      Where in the decision process is it most difficult to make decisions? What kind of information are 

you lacking to take those decisions? 

b.      Where in the planning process is there the most need for a decision support? 

10.   What data do you look into? 

a.      What data is available on a patient when he comes into the hospital? 

b.      Is there more data available when the patient has left? 

c.      What can you tell me about the difference in available data on patients before they arrive at the 

hospital and when they are discharged? To what extent are you using data on Kategori 1? 

d.      Is there any data you consider would be helpful to look into for the coordination and/or 

production planning meeting? 

11.   How do you set out the schedule that you make? 

a.      What are the drivers behind it? 

b.      What do you need to consider when you lay out a new schedule? 

c.      What/who are the resources needed to set a new schedule? 

12.   For how long have the coordination and production planning meetings had the form it has today? 

a.      How was it before? 

b.      Is it an improvement? 

13.   What is your view on the production agreement with AnOpIVA? 

a.      How long has it been in this form and how was it before? 

b.      What is the reasoning behind this new form? 

c.      Is it an improvement? 

14.   Are there tension when it comes to carrying out the planning of surgeries? 

a.      Is there resistance from certain areas of the hospital environment you meet when you are carried 

out your job? 

b.      Between the different departments? 

c.      With or between the wards? 

d.      Would you be capable of doing more surgeries if it was not for some tensions? 

e.      How about the production agreement with AnOpIVA? 
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Appendix B: Utilization of operating rooms 
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Appendix C: Data regarding surgeries and surgical ward care days 
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