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Abstract

The main purpose of this project was to provide Sahlgrenska University Hospital
with suggestions for increased capacity with their current resources. The study was
conducted at Ostra Sjukhuset, Operation 1.

The theory used is based on the principles of operations management by Holweg
et al. (2018) and research suggests that reducing non-surgery time and variation
in surgery processes provides significant impact on time saved, and ultimately in-
creased capacity.

Through observations, a work sampling study and collection of historical data from
their internal software, Orbit, it was possible to build an empirical foundation of the
current state, the division of labor and surgery data.

Connecting the literature review and our results to the case of Operation 1 resulted
in the main recommendation of parallelization of the anaesthesia process. This is
done by implementing an anaesthesia induction room such that instrument prepa-
rations can continue in parallel. The potential improvement for one of the studied
surgery types was 55 minutes, which is roughly 50% of the non-surgery time. From
observations and the work sampling, potential reductions of variation and wastes
could be identified which in turn result in a potential 68 additional minutes saved per
day. Further, it was recommended that all recommendations should be combined
with a continuous improvement strategy of standardizing specific surgery types to
specific weekdays.

With the implementation of these process improvements, it is possible to achieve
enough spare capacity to perform an additional surgery in the same day and theatre.
Therefore, yes, it is possible to increase capacity with the same amount of resources.

Keywords: capacity, surgery unit, operations management, changeover time, process
theory, parallelization
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1

Introduction

In the following chapter, the background of this study will be presented, along with the
aim and purpose, followed by objectives and research questions, and delimitations.

1.1 Background

Early 2018, the number of patients waiting for surgery were upwards of 25000 in
Vistra Gotalandsregionen (VGR) (Sveriges Kommuner och Landsting, 2019). Out
of these 25000, more than 30% wait longer than 90 days for a surgery. This puts
pressure on capacity of the hospitals conducting surgeries, and the staff performing
the surgeries. Perhaps even more alarming in extreme cases; patients who wait too
long might suffer life-long damage by not getting surgery in time. The process of
referring a patient to undergoing a surgery is rigid, and the demand for surgeries
is not something that is easily affected. However, increasing capacity to handle a
greater amount of surgeries is a measure that is easier to influence. The problem
is most prevalent at Sahlgrenska Universitetssjukhuset (SU) in Gothenburg, where
most surgeries in the region take place.

As a result of this capacity deficit, SU has initiated projects where the reduction
of this deficit is a priority. For example, one of these projects has resulted in a
more standardised surgery procedure for colorectal surgeries named “Fast-Track”
ultimately allowing more surgeries to take place in the same amount of time. How-
ever, standardising a surgery process is a complex matter, especially since it might
be a matter of life and death. While this is only one example of a measure to be
taken, many more remains unexplored.

A capacity deficit in a surgery unit would constitute a lack of surgery theatres or
staff members. However, at Ostra Sjukhuset, part of SU, only half of them are fully
utilised at any specific time. This is due to the lack of staff working with operations
related to surgeries — a problem that is prevalent in many other regions in Sweden
(Sveriges Television, 2017).

1.2 Purpose and Objective

Since the number of surgery theatres are not always fully utilised, the capacity con-
straint comes from the lack of staff working in surgery units. Attracting and keeping



1. Introduction

experienced and educated staff is particularly difficult for surgery units. Hence, the
purpose of this Master’s thesis is to study the situation in detail in order to provide a
solution to the capacity problem in surgery units with the same amount of resources.

To better understand how to approach the problem, an understanding of the pro-
cesses and routines of a surgery unit is necessary. The objective of the first research
question is to study the staff while they are working, in order to find their routines
and activities. As such, the first research question is:

Research Question 1 - What are the routines and activities of the staff at the surgery
unit?

Furthermore, to be able to understand which activities and routines that use the
majority of staff capacity, the following research question has been formulated:

Research Question 2 - What routines and activities use the majority of staff capacity?

When knowing which routines and activities that use most of the staff capacity,
feasibility and impact of changing how activities and routines will be studied. For
example, it might not be feasible to change how a surgery is conducted even though
it could have the highest impact on capacity, since this might jeopardise patient
safety. Hence, the third research question is stated as:

Research Question 3 - Which activities are most feasible to change, and which of
those have the highest impact on capacity?

After analysis of feasibility and which activities have the highest impact on capacity,
recommendations to improve or change activities will be the ultimate goal of this
Master’s thesis.

Research Question 4 - How can impactful activities and routines be changed or im-
proved to increase capacity?

1.3 Delimitations

This Master’s thesis will be delimited to capacity constraints related to the staff and
processes in surgery units. More specifically, only nurse assistants, surgical nurses,
anaesthetist nurses will be studied. Additionally, the study will be conducted at
Ostra Sjukhuset, part of SU, in the unit ANOPIVA which is where anesthesia,
surgery and intensive care is conducted.
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Theory

In this chapter, the theoretical framework is presented. The theories and research
used are based on the authors interpretation of the ten principles of operations man-
agement by Holweg et al. (2018). Capacity and efficiency is elaborated upon, and
what they mean in a surgery unit. Further, theory on changeovers and variation is
provided as means to use for analysis of the results. A brief explanation of work sam-
pling theory is also provided. Last, but significantly important, theory on continuous
improvement is provided

2.1 Process theory

With aspects such as organization, division of labor, education, staffing, IT, au-
tomation and planning at a surgery unit, it becomes apparent that the discipline
of operations management can be useful in affecting these aspects. Application of
operations management principles are frequently used in research and process im-
provements related to healthcare, surgery units and surgical theatres (Guerriero &
Guido, 2011; Cardoen et al. 2010). However, Holweg et al. (2018) argues that op-
erations management theories to analyze processes are non-existent, and that there
is an ambiguity of which theories to use. Holweg et al. (2018) presents a process
theory built upon 10 principles of operations management, see A.2 for the 10 princi-
ples. Holweg et al. (2018) elaborates that the process theory and its principles does
not entail a comprehensive guide for application of the theory, but instead provides
empirical evidence of parts of operations management but not of the discipline. As
such, it is the process theory and its relevant principles, and subprinciples, that will
serve as a foundation for the theories presented in this study. The choice of using
a process perspective in this study of a surgical unit is further amplified by the
first principle by Holweg et al. (2018) saying that all operations are composed of
processes.

2.1.1 What is a process?

Holweg et al. (2018) describes a process as the sequence of activities that transform
inputs into outputs, see figure 2.1.

As obvious as it may seem, processes also have a purpose, which is to transform the
input into the desired output (Holweg et al., 2018). When transforming inputs to

3
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Inputs Cutputs
p puis

Transformation

Figure 2.1: The process model (Holweg et al., 2018)

outputs, the process may also produce undesired outputs such as waste like reworks
or waiting (Holweg et al., 2018).

In a simplified process model for a surgery unit, the inputs are labor, medicine and
the patient. The labor from the surgical team and medicine from the anaesthesia
helps "transform" the patient into a better state of health. An example of an un-
desired output is if the surgery has not helped the patient as it intended to, which
would require another surgery - a "rework".

2.1.2 Redesigning processes

Holweg et al. (2018) builds the foundation of operations management on the two
first principles. However, with the purpose of this study, other principles or parts of
principles are used to fit with the main purpose of this study. Hence, the foundation
as interpreted by the authors of this study, will be based on the first three principles:

o #1 All operations are composed of processes
e #2 Variation is inherent in all process inputs, tasks, and outputs
o #3 Work-in-process is determined by throughput rate and throughput time

It is the foundation that provides the means for going forward to redesign, measure
and improve the processes (Holweg et al., 2018). Figure 2.2 illustrates that the core
of operations management build upon the foundation of it.

Foundation
I
i i 1
Design Measure Improve

Figure 2.2: The core of operations management: to design, measure and improve
processes (Holweg et al., 2018)

In this study, these principles allows for building a map of the current state and us-
ing it as the foundation. The processes, variations and their bottlenecks are mapped
and described at a surgery unit in a current state map. Hence, theory on current
state is provided in section 2.4.

Design
After the foundation has been set, redesigning processes will be easier (Holweg et

4
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al., 2018). The purpose of redesigning processes is to ultimately make them more
productive (Holweg et al., 2018). In brief, it is about redesigning a current process
into a better, more efficient process in the future. Holweg et al. (2018) further
elaborates on the principles and subprinciples of operations management and how
to cope with different design considerations such as: eliminating unnecessary pro-
cesses, standardizing processes and tasks, specializing when volume and variety is
low, identifying future bottlenecks, dimensioning buffer sizes in terms of time, in-
ventory and capacity, and at the same time designing with a holistic view to avoid
sub-optimization (Holweg et al., 2018).

In this study, design considerations will be based on previous research within oper-
ations management related to surgery units and its application to increase capacity.
As such, theory on efficiency in surgery units is presented in section 2.3 which present
ways to design for increased capacity.

Measure

Along with the redesign of processes, Holweg et al. (2018) state that no single
measure can capture the performance of a process and that you can not manage
what you do not measure. With the main focus of this study being capacity, means
to increase it are presented in section 2.3. It is the most intuitive measure to use
in process analysis, according to Holweg et al. (2018), but previous research use
different measures to achieve the increase in capacity. Hence, measures that are
frequently used in operations management research for surgery units are presented
by Peltokorpi et al. (2009) in section 2.3. It is these measures that will provide the
basis for the analysis of this study. Although Holweg et al. (2018) does not describe
or detail any work studies, breaking down the processes into smaller activities and
measuring them is inherent in the principles and subprinciples. Therefore, theory
on work sampling is provided in section 2.5

Improve

To actually move from the current state and redesigning it to a future desired state
requires all stakeholders to be part of the change. There is a need for ownership
of processes, efforts with continuous improvement and root cause analysis (Holweg
et al., 2018). Holweg et al. (2018) further elaborates that it is important to ded-
icate resources to continuous improvements for all processes, as well as primarily
focus on continuous improvements until it becomes more economically viable to in-
stead make process investments. Hence, theory on standardization and continuous
improvements, see section 2.9, is presented.

2.2 Capacity

According to Zandin and Maynard (2001), capacity is defined as the maximum cus-
tomer demand that can be satisfied over a certain period of time. The capacity of an
organization is based on the existing resources available such as labor, facilities and
technology. From the perspective of process theory, Holweg et al. (2018) state that
capacity is the most intuitive measure to be used for process analysis. Capacities
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can, in most cases, be tagged to each step in a process. Hence, it is very useful in
determining where bottlenecks are present or where they might occur (Holweg et
al. 2018). Holweg et al. (2018) further argues that service operations are rarely
analyzed systematically and as such provide opportunity for greater impact with
minor changes.

As stated in the scope of this study, capacity is to be increased by using the resources
available. In an earlier study by William Lovejoy and Ying Li (2002), he argues
that there are two ways to relieve the largest capacity bottlenecks of a surgery unit;
either by building new surgical theatres or by extending the working hours through
overtime or hiring new staff members. For the case of Operation 1, surgical theatres
are underutilized. The labor market for staff related to surgeries is also thin. Hence,
for the purpose of this study, increased capacity is only achieved through higher labor
utilization, e.g. making the processes more efficient. The key metric with regards to
capacity is the utilization defined through productivity metrics, e.g. input through
output, which is further described under section 2.3 (Holweg et al. 2018). With
regards to labor utilization, the metric is the ratio of value-added work divided by
the total labor time (Holweg et al. 2018). For a surgery unit, the value-added work
is the value added to the patient, e.g. the actual surgery.

2.3 Efficiency

Two of the most basic measures for performance is the effectiveness and efficiency
of a process (Holweg et al. 2018). Effectiveness deals with the customer point of
view, and aims to measure if the process is able to deliver what is expected of the
customer in terms of cost, quality and time. Efficiency measures how efficiently the
process can convert input to output. Due to the nature of the hospitals in Sweden
being tax-funded, patients receive free, high quality, surgery-related services at the
cost of aligning with the queue and prioritization order. Hence, the effectiveness
of a surgery unit operation in Sweden is as good as a patient can expect. It is
therefore the inward-looking metric, efficiency, that is more interesting to look at
for this study. Efficiency assesses how well a process uses its resources to create
value (Holweg et al. 2018; Modig & Ahlstrém, 2011) and can be increased by either
increasing the amount of added value with the same resources or by reducing the
amount resources needed to produce the same amount of value.

There are activities that do not add any value to the customer or, in this case, the
patient but are important to enable carrying out the value-adding activities (Liker,
2006). These activities are not deemed as a type of waste since they form the basis
of value-adding activities. In the example of this case, the preparation of surgical
instruments or scheduling is not value-adding to the patient. However, it is an im-
portant part of being able to carrying out a surgery. Petersson and Ahlsén (2009)
presents a breakdown of three types of activities:

o Value-adding activities - Activities that add value to the product/patient
and which customers/patients are willing to pay for
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o Necessary non-value adding - Activities that do not add value to the cus-
tomer /patient but are necessary to be able to carry out the process

o Non-value adding activities - Activities that do not add value to the pro-
duct/patient and that the customers/patient are not willing to pay for

With this categorization, it becomes evident that in order to increase the amount
value-adding activities, non-value adding activities have to be eliminated. Further-
more, making the necessary non-value adding activities more efficient will also allow
more time for value-adding activities to be carried out.

2.3.1 Efficiency in a surgery unit

Research related to efficiency in surgery units are often related to primarily cost-
efficiency due to the surgery unit bringing in much of a hospitals revenue, but also
due to surgery unit operations being very costly (Sandberg et al., 2005; Peltokorpi
et al., 2009). While the primary goal of Swedish hospitals is not profit, efficiencies
achieved in cost-related process improvements share the same process analysis and
improvement work as other efficiency measures. Efficiency measures in previous re-
search vary depending on the purpose of the research. However, Peltokorpi et al.
(2009) have reviewed efficiency measures related to surgery services and identified
four types, among which Capacity utilization and time measures is one.

Capacity utilization and time measures are the efficiency measures used most fre-
quently in operations management studies related to surgeries (Peltokorpi et al.
2009). There are five metrics in this type:

o Surgical theatre raw utilization rate is equal to the time that the patient is in
the surgical theatre in relation to the staffed surgical theatre hours.

o Non-surgery time is the time between two consecutive surgeries.

o Changeover time is the time between surgeries when there is no patient in the
surgical theatre.

o First surgery start time is the time it takes to set up the first surgery of the
day, alternatively the actual time of day.

o Querused or underused surgical theatre time provides a measure of how well
balanced the planning and control of resources are. Overused time is defined
as time between end of office hours to the time where the last patient of the
day leaves the surgical theatre. Underused time is defined as the idle time
resulting from the last patient of the day leaving the surgical theatre prior to
the end of office hours.

In section 2.2, value-added work was defined as the actual surgery performed on
the patient. In order to increase the value provided, the non-surgery time has to
decrease, since it is non-value adding. As presented in section 2.3, activities during
non-surgery time could be either necessary or unnecessary. The non-surgery time
consist of changeover time, the patient time in the surgical theatre prior to the
surgery, e.g. inducing anaesthesia, and postoperative time related to emerging the

7
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patient from anaesthesia and transferring the patient out of the surgical theatre - all
of them necessary non-value adding activities, see figure 2.3. Consequently, reducing
non-surgery time means also reducing the changeover time or the start time for the
first surgery of the day. Hence, surgery changeover and preparation times will have
a large focus in this study as means to increase capacity, see 2.6.

ST Total Process Time

Prep ST Emergence
| Changeover Time , ST Anaesthesia Time ‘Time | Surgery Time ‘ Time
T T T T T 1
X . Non-surgery;
Non-surgery time Surgery-Related Time time
Post Preoperative period Surgery Post
A A T T 7'y
Start anaesthesi Patient i i Surgery
art anaesthesia care atient in room Pa:;e?t start time Surgery Patient out
Previous patient reacy for finish of room

surgical
prep

out of room

Figure 2.3: Process intervals for typical surgery (Sandberg et al., 2005)

In figure 2.3, "ST" stands for "Surgical theatre', while "Non-ST" stands for "Non-
surgery time'. From the figure, it is clear that by reducing the non-surgery time,
more surgery-related time can be achieved.

Optimizing the surgical theatre total process time through reducing non-surgery
time by making necessary processes more efficient is the generally main focus of
efficiency in surgery-related research (Cardoen et al., 2010). However, it is impor-
tant to also consider a more holistic perspective in order to reduce the risk for
sub-optimization between processes (Holweg et al., 2018). For a surgery unit, this
also entails the planning and scheduling of the surgeries, theatres and staff (May
et al.,, 2011). As presented in section 2.3, this could be considered as a necessary
non-value adding activity. In this study, improving and highlighting issues related
to planning and scheduling will be considered as means to increase capacity, see
section 2.7. Hence, necessary non-value adding activities, in the case of a surgery
unit, occur mainly during non-surgery time as presented in figure 2.3 and during
planning and scheduling.

Unnecessary non-value adding activities during non-surgery time are wastes, such
as waiting for the surgeon or the patient while the surgical theatre is ready (Hard-
ers et al., 2006; Cardoen et al., 2010). Reduction of wastes caused by undesired
variation during non-surgery time will enable a reduction in non-surgery time, and
ultimately allow more time for value-adding activities. This is further elaborated
upon in section 2.8.
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2.4 Current state mapping

As concluded by Holweg et al. (2018), the foundation and defining a current state
map is important in order to develop an organization and its processes. The first
step is to find out in detail how the current state of the process looks (Petersson
& Ahlsén, 2009). This step is very important because if there is no correct picture
of the current state, there is a great risk that the improvements will improve the
wrong things.

Circling back to the first three principles by Holweg et al. (2018), it is possible to
draw a current state map on these. In detail, the first step is to map all producing,
supporting, and overhead processes including tasks, inputs, outputs, resources and
controls. Second, with regards to variation, determine customer needs for quality,
quantity and timing for every customer process. For every process, averages and
variation in quality, quantity and time should be measured. Also, buffers in the
form of time, inventory and capacity should be identified for every current process.
Third, the throughput of the system of processes is controlled by bottlenecks. Hence,
one should also identify bottlenecks that are present in the current processes. These
steps, based on the three first principles by Holweg et al.(2018), provide a current
state description - a foundation - which can be used to redesign, measure and im-
prove the processes.

2.5 Work Sampling

Work sampling is a method used to measure different activities in a process and
gives a total time on how the work is divided between different activities (Freivalds,
2009). This is done by observing at a random or predetermined time interval, which
will result in an approximation of observed activities and the total number of ob-
servations performed (Freivalds, 2009). This method is advantageous to use when
you want to see or determine how much time and value adding staff or a machine has.

While the method is based on random sampling, it emphasizes the importance of
ensuring the statistical significance. Hence, it is important to determine the least
amount of observations required to ensure that this is achieved (Almstrom, 2012).
The formula below can be used, see equation 2.1.
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n= 22‘9%2—3) (2.1)

Equation 2.1: Formula for number of observations required, Almstrom (2012)

n = the least amount of observations needed

z = the number of standard deviations

s = the probability of a certain activity to occur during the moment of obser-
vation

f = the accepted error of margin

After the work sampling is done, the error margin for each activity can be calculated
with equation 2.2:

(2.2)

Equation 2.2: Formula for error margin, Almstrém (2012)

2.6 Changeovers

Generally, changeovers are mentioned when speaking of processes in manufacturing.
Henry (2017) defines changeover as the whole process of changing a machine, line
or any other manufacturing process from producing one type of product to another
product. If there is a high variety of products manufactured, the changeover can
make up a significant time of the total process time.

Developed by Shiego Shingo, the Single-Minute Exchange of Die (SMED) method
is used for reducing waste in manufacturing processes. The concept of converting
tasks during a changeover from internal to external was one of SMED’s important
contributions (Henry, 2017). The internal tasks are the tasks done when the pro-
duction has halted, while external tasks are those able to be performed while the
production is running. This is the concept of externalization. While externalization
of internal tasks could eliminate tasks, and even reduce labor required, that must not
necessarily be the case. Hours might increase as well as some tasks, due to parallel
work, but it still allows the production line to keep running with fewer interruptions.

For a surgery unit, the "production line" is represented by the actual surgery, and the

changeover is the time between surgeries in order to prepare for the next patient.
And with SMED-theory in mind, externalizing internal tasks such as instrument
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preparation could be done while a surgery is ongoing, by other staff members - in
order to reduce the changeover time for the next patient.

2.6.1 Changeover time in a surgery unit

Previous research such as Meredith et al. (2011) has studied changeover times and
activities for elective orthopaedic surgeries. In their study, they found five factors
that defined if a changeover was slow or fast, see figure 5.1.

Faster Slower

Process archetype Patient preparation and instrument Patient preparation and instrument
preparation concurrently preparation in series

First case setup timing Long first case setup Short first case setup

Prepare surgical instruments Two stage preparation, start of day Complete preparation during
and during changeover changeover

Surgeon availability Surgeon in theatre during Surgeon arrives after patient is ready
changeover for operation

Theatre layout Set up room adjacent to theatre for No set up room - all processes occur in
patient preparation theatre

Figure 2.4: Summary of activities which make faster or slower changeovers
(Meredith et al., 2011)

With these factors considered by Meredith et al. (2011), five hospitals were stud-
ied and their surgery and changeover processes. For the same type of surgery, one
hospital had 38 minutes of changeover time while another had 59 minutes, e.g. 55%
higher. The main reason was that the slow hospital had serial processing, meaning
that the patient preparation took place after the preparation of surgical instruments.

The faster hospital had concurrent processing, meaning that the preparation of sur-
gical instruments could take place during the same time as the patient preparation.
As described by the SMED-theory - it does not necessarily mean that tasks are
eliminated or that labor hours are reduced, but it allows the "production line" to
keep running. Meredith et al. (2011) illustrates the process flow for both the slow
and fast hospital. The figures are presented in figure 2.5 and in figure 2.6.
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Last stitch to patient Patient to Patient enters ST to
leaving ST — 10 mins > patient — 24 min > incision — 25 min >

. Leg wrap Instruments IN

| Clean theatre |

| Prepare surgical instruments |

| Patient preparation

| Leg prep
Patient leaves ST Patient enters ST Incision

Figure 2.5: Hospital with serial processing (Meredith et al., 2011)

Last stitch to patient Patient to Patient enters ST to
leaving ST — 8 mins > patient — 8 min > incision — 24 min >

leg wiEp Instruments IN

| Clean theatre

7 min I

Prepare surgical instruments |

white Patient preparation

space
Leg prep
Patient leaves ST Patient enters ST

Incision

Figure 2.6: Hospital with concurrent processing (Meredith et al., 2011)

Meredith et al. (2011) also concludes that by reducing the changeover time be-
tween surgeries, could lead to more surgeries being performed in the same amount
of time. Harders et al. (2006) also present parallelization of activities as means to
reduce non-surgery time. Smith et al. (2008) build upon this paralellization and
suggests preparing instruments in a dedicated instrument preparation room, induc-
ing anaesthesia in a separate anaesthesia induction room and adding an additional
anaesthetist nurse that transports the patient from the surgical theatre to the post-
operative unit so that the anaesthesia team can commence induction of the next
patient simultaneously as the changeover takes place. Even Smith el al. (2008)
found that by redesigning processes for concurrent processing, they could achieve
a 50% reduction in non-surgery time. Of course, reducing the changeover time for
certain procedures would not be as efficient for the whole system if only one surgery
could take place during a day, e.g. more surgeries done during a day means that an
equal amount of changeovers take place. Dexter and Macario (1999) elaborates on
this consideration when reducing changeover times. They argue that it is optimal if
the total number of reduced minutes in changeovers during a day equals the possibil-
ity of performing at least one additional surgery during the same day. In their study,
they found that the possibility of this being the case was higher if the actual surgery
time was less than two hours. Although, an additional surgery per day might not
be achieved, the additional time saved could be used for supporting activities such
as supervision of students, research and continuous improvement (Wong et al. 2010).
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2.7 Planning and Scheduling

While planning and scheduling is not the primary focus of this study, it was de-
scribed in section 2.3 that it has significant impact on the capacity of operations,
and more specifically, in surgery units. According to Holweg et al. (2018), plan-
ning is the provision and allocation of resources such that the process can operate
against a predetermined plan or schedule. This means setting the actual production
schedule, procuring materials and scheduling all work so that the process can func-
tion (Holweg et al., 2018). In brief, production planning is about getting as much
capacity as possible out of the process (Holweg et al., 2018). Scheduling is a part
of the planning process and can be explained as the planned sequence of processes
and when and where they should be finished.

2.7.1 Planning and Scheduling in a surgery unit

First, it is important to define a general classification of the patients. The pa-
tients can be divided into two categories: "elective" and "non-elective" (Cardoen et
al., 2010). Elective patients are informed about their surgery in a timely manner,
whereas non-elective patients are not. More specifically, non-elective patients can be
further categorized into emergency or urgent surgeries. This is important to define
since elective surgeries are the ones that are relatively predictable and easier to plan
for. Non-elective surgeries, and specifically emergency surgeries, have a high prior-
ity and are most often not planned which could lead to disturbances of the original
schedule and postponement of other surgeries. Hence, this is why the planning and
scheduling function is particularly important in a surgery unit.

May et al. (2011) presents a literature review with regards to the surgical scheduling.

In this review, May et al. (2011) highlights the time horizons involved with surgi-
cal scheduling issues to consider for each time horizon. The table is presented in 2.1.

Table 2.1: Time Horizons Involved with Surgical Scheduling (May et al., 2011)

Time horizon How far in advance Research areas Examples of issues to be addressed

Very long term 12 - 60 months Capacity planning, process reengineering How many STs to construct, layout of physical resources

Capacity plannin rocess reengineerin
pacity & P 8 & Patient flow patterns, selection of surgical providers, block

Long term 6 - 12 months surgical services portfolio, procedure K
. . . assignment
duration estimation
Capacity planning, procedure duration
Medium term Few weeks - 6 months p Yp &P Staff assignment and scheduling
estimation
. Procedures assigned to STs (particular days, parts of days),
Short term Few days - few weeks Schedule construction .
number of STs needed are determined
. Last-minute scheduling into released unused block time;
Very short term 24 - 48 hours before Schedule construction . R
determining STs to be opened; start times
Assignment and scheduling of emergency procedures;
Schedule execution, monitoring and reassignment of STs and rescheduling of start times as a result of
Contemporaneous Same day R . . o
control emergencies, patient no-shows, cancellations, staff availability,

and procedures taking more or less time than planned

As can be seen from table 2.1, long- and medium term plan trickles down to the
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short-term planning. This means that changes in the short-term scheduling can
significantly affect the time horizon that is one hierarchy above, if not accounted for
in the long-term planning.

As presented by May et al. (2011), short-term scheduling aims to make sure that
surgeons, anaesthetists, nurses, surgical theatres, medical supplies and equipment
are allocated to a specific time slot. If the scheduling is poor, the risk increases
for resource unavailability. May et al. (2011) and Cardoen et al. (2010) further
elaborates on issues that could cause resource unavailability. Due to the nature of
surgeries, staff and patients, it is sometimes hard to predict the time of surgeries
and surgeries might take longer or shorter time than expected. Additionally, emer-
gency surgeries might occur meaning that the short-term planned schedule must be
changed. Cardoen et al. (2010) explains two types of uncertainties: arrival uncer-
tainty and duration uncertainty. The former is related to late or early arrivals of
a surgeon or an unprepared patient, while the latter is related to the uncertainty
of duration of activities performed during surgery. On top of these uncertainties,
resource uncertainty is also prevalent - meaning that labor or equipment might not
be readily available when the patient it (May et al. 2011).

2.8 Variation

As stated by Holweg et al. (2018), variation is inherent in all process inputs,
tasks, and outputs. There are two types of variations, common cause variation
and assignable cause variation. The first is random and can not be predicted. The
second is non-random variation which is caused by identifiable factors which are
clearly defined and inherently manageable (Holweg et al., 2018).

Variation occur in three aspects: quality, quantity and timing. Variation in quality
leads to dissatisfied customers and need for rework, and ultimately lowers the pro-
ductivity of a process since more resources are required to produce the same unit
with expected quality. Variation in quantity leads to a lack or surplus of demand
or supply. If demand is higher than forecasted the system might be overburdened.
If demand is lower, inventory builds up and cause extra costs. Variation in timing
also leads to delays, waiting time and inventory build-up.

If workstation A produces input for workstation B, and both workstations have the
same throughput time, a variation in the throughput time for workstation A will
either build up inventory behind workstation B or starve workstation B of input, e.g.
workstation A has to wait for B to produce build-up inventory, or workstation B has
to wait for A to produce the next input. In a surgery unit, this can be exemplified
by the patient being ready and prepared for surgery while the surgical theatre is
not fully prepared, or vice versa. Hence, reduction of variation in processes leads
to reduction in wastes such as waiting time - time which could instead be used for
value-adding activities (Holweg et al., 2018).
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2.8.1 Variation in a surgery unit

With variation being the cause for waiting time and delay it becomes important to
reduce it or design processes to allow for variation, especially for the common cause
variation. In their research, Harders et al. (2006) had the ambition of reducing
the non-surgery time to under 35 minutes to allow for higher efficiency. However,
variation was also present in their observed processes. They recorded the reasons
for delay and their frequency when the non-surgery time exceeded 35 minutes, see
table 2.2. Further, it could be noted that process-related delays accounted for 70%
of delays - delays which could be reduced if the process was improved (Harders et
al., 2006).

Table 2.2: Reasons for Delay when Non-Surgery Time exceeded 35 minutes
(Harders et al., 2006)

Cause for delay Frequency (7o)

Clinical (difficult TV, difficult 16
inthation, change in patient
conditon)
Instruments or supplies unavailable 1o
Mo operdtive consent B
Laboratory result unavailable B
Padent late in arfving B
Process not followed 8
Technology-related delay 7
Environmental services delayved i

Anesthesiologist delayed i
Surgeon delayed i
Other 17

From the table, delays not related to the surgery process are "No operative consent',
"Patient late in arriving", "Technology-related delay" and "Environmental services
delayed". The reason why these delays are presented in this study is because they
provide an insight of what variation in different steps of the process can cause in a
surgery unit.

2.9 Standardization and Continuous Improvement

According to Liker (2006), the purpose of standardized processes is to act as a
basis for continuous improvements. If processes are not standardized, the risk of
improving the wrong process in a wrong way increases. Holweg et al. (2018) further
elaborates on this and says that a stable process is the foundation of any process
improvement.

Holweg et al. (2018) says that there two types of improvements: continuous im-
provements and breakthrough improvements. These two work together. Continuous
improvements are achieved by worker-led initiatives on a continuous basis, such as
daily team meetings, quality circles and visual management (Holweg et al., 2018).
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When these improvements no longer provide the returns expected from the resources
spent, it is time for breakthrough improvements such as investing in a new I'T-system
or changing the layout (Holweg et al., 2018).

Meredith et al. (2011) argues that changeover time should form a part of a con-
tinuous improvement strategy, and speculates that if a continuous improvement
approach was used in the healthcare sector it would not be unimaginable to reach
the level of SMED-theory in surgical theatres.
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Methods

This chapter describe the methodology chosen when approaching the problem of in-
creasing the capacity of a surgery unit. At first, the research strategy and design
is presented to guide the reader of how the study has progressed. Second, the data
collection methodologies are presented and how the data has been collected, and why.
Third, measures taken by the authors are presented with regards to ethical consider-
ations, quality criteria and sustainability issues.

3.1 Research Strategy

The strategy of the research project was of both quantitative and qualitative na-
ture. This mixed methods strategy was necessary due to the quantitative aspects
of measuring elements related to productivity in combination with qualitative data
to provide further guidance and conclusions from the quantitative data (Bryman &
Bell, 2018).

There are two main approaches to conducting research (Bryman & Bell, 2018); a de-
ductive approach and an inductive approach. With a deductive approach, research
is conducted based on hypotheses and ideas inferred from theory. An inductive
approach means that theory is generated based on the research conducted. The
inductive approach was chosen since it is preferable when data is first collected and
then generalized. Additionally, the inductive approach makes it simpler to get an
initial overview of the topic at hand and ultimately enhances the understanding of
the topic. For this study, although the inductive approach was chosen as the princi-
pal approach, the study was similar to that of an iterative research approach. This
means that the data collection and study of theory were conducted in parallel. Even
though it is argued by research methodologists that quantitative studies mainly use
a deductive approach, Bryman and Bell (2018) also state that quantitative studies
are often a good deal more exploratory than what is typically assumed. Hence, one
could also argue that this study is in large designed as an exploratory study with
conclusions induced from quantitative data. Why this is the case is further described
in section 3.2.
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3.2 Research Design

In this section, the research design explains in which order the study has been con-
ducted. Throughout the study, a literature study was conducted. This allowed the
authors to build an understanding of the topic at hand and, ultimately, bring inspi-
ration from previous research. Initial data collection consisted of a work sampling
study to get a quantitative overview of the activities performed by the staff. Being
physically present at the surgery unit also provided opportunities for observation of
the environment. The overview of the current situation would provide mainly quan-
titative data that would act as a guide to where high impact improvements could
be made. Once the area of issues had been established, historical numerical data
related to the issue area was collected in order to further quantify the issue. During
the the work sampling and collection of historical data, unstructured and sponta-
neous interviews were conducted with the staff related to the study. This provided
qualitative information about processes and what improvements that could or could
not be feasible. For visual reference of the research design, see figure 3.1.

Determination of Determination of
scope research approach
Pre-stu dY - Purpose - Research strategy
Aim - Research design
Research questions - Data collection

Literature review; previous local, national and global research, and theories

Data
. . Historical
collection Work sampling .
Observations - Spontaneous
Spontaneous interviews interviews
Evaluate state of Build theoretical
Analysis research from literature framework
and Analyze Analyze
recommen- work historical
) sampling data
dations Develop
recommen-
| dations N
L4
Start Progression of research End

Figure 3.1: The figure illustrates the research design

3.3 Data Collection

This section aims to provide the reader of how the data collection has been carried
out.

3.3.1 Literature Study

The literature study had two general purposes. First, to build an understanding of
the healthcare industry. This included healthcare as a topic, previous research and
work in healthcare - globally, in Sweden and at SU. Second, previous research and
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work done at surgery units provided guidelines as to which methods have been used,
which methods have worked and inspiration of what is feasible at SU.

For conducting the literature study, two principal databases were used; Chalmers’
own digital library and Google Scholar. Both of these databases have a large amount
of publications and provided easy accessibility for the authors, which is why they
were chosen. Key words used when enabling initial understanding of the topic were
words such as "healthcare capacity', "surgery unit capacity' and "healthcare work
sampling". Later in the study, when scoping down on the key issues related to ca-
pacity, key words such as "surgery unit process improvements', "surgery changeover
times" and "surgery preparation times" were used. The format of the literature
collected online include articles and books. Other literature used consisted of pre-
vious internal work and research by SU itself and studies conducted by Chalmers in
relation to capacity issues at SU.

3.3.2 Work Sampling

A work sampling study was conducted at the surgery unit Operation 1, Ostra
Sjukhuset. The work sampling was planned to continue for 40 hours with 2 hours
per observation session, meaning 20 sessions. There was one session per day. The
sessions aspired to be evenly distributed throughout the day and week, between
07:00-16:00, Monday through Friday. A schedule of the work sampling sessions can
be found in A.2.

Each session would start with a conversation with the planning coordinator for the
day. The planning coordinator guided the observers to which surgical teams that
were eligible for observation that particular day. Some teams had pagers on them-
selves in order to respond to possible emergencies that might occur at Operation 1,
but also in other parts of the hospital. Since this study mainly focuses on elective
surgeries, the teams carrying pagers were excluded for observation. The observers
chose a team at random with no regard to experience of the observed roles or pre-
vious observations.

All surgical teams consist of one or two nurse assistants, surgical nurses, one anaes-
thetist nurse, one anaesthetist and one or two surgeons. The roles that were observed
were nurse assistants, surgical nurses and anaesthetist nurses. Every 30 seconds, one
of the roles were sampled at random, e.g the activity for a random role was regis-
tered every 30 seconds. There were 32 different activities to be sampled. The list of
activities has been developed in collaboration with SU and Chalmers in order fur-
ther help standardize research at surgery units. The list of the 32 different activities
are described in A.1

The equipment for work sampling consisted of a tablet with an installed software
called MVV Frekvensstudie where the list of 32 activities were programmed in.
The program was configured with the three roles to be observed, the observation
interval of 30 seconds and which dates and times the sessions were planned. Every
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30 seconds, the tablet notified the observers and the activity was registered. The
program automatically consolidated the data which could be extracted into Excel
for further analysis.

3.3.3 Observations

When conducting development in a production environment work, Toyota’s lean
principles come to mind. Among these 14 principles, one principle emphasizes the
importance of being physically present at the location where activities are conducted
in order better grasp the situation - also known as genchi genbutsu (Liker, 2006).

This study had two key observational periods. The first one was in the beginning of
this study where the purpose was to get a better overview and to ultimately facili-
tate smooth data collection during the work sampling. Activities to be observed in
the work sampling was clarified by the staff at Operation 1. The routines of differ-
ent procedures were also noted down along with the physical layout of Operation 1.
The second observational period was done during the work sampling. Observations
were noted down and served as a basis to ask the staff of why certain procedures or
activities were done in a certain way.

During the observations, the staff frequently passed by the location of the observers
which ultimately led to opportunities for short informal interviews. The interviews
were unstructured and relaxed. The data collected from these interviews first pro-
vided explanation of why certain procedures or activities were done in a certain way,
and what opportunities or risks there could be when changing the procedure.

3.3.4 Historical data

Through the work sampling study and observations, it was observed that the first
case setup times and changeover times were issue areas where change of procedures
might have an impact. Operation 1 collects data on when the patient is ready for
surgery, when the staff enter the theatre to prepare for the surgery, when the patient
is retrieved for surgery, when the the anaesthetists begin with the anesthesia, when
the surgery preparations are complete, and finally, when surgery begin. These times
are recorded by the staff and are presented for each patient and surgery in a hospital-
wide database called Orbit. Due to the professional secrecy of patient data, the data
was collected manually by the authors in coordination with an nurse assistant.

3.4 Method of Analysis

The method of analysis in this study had the goal to integrate the explorative and
iterative nature of this study, e.g. connecting the literature study, work sampling,
observations and historical data together. As a first step in the analysis of this study,
the state of the research was evaluated. This included research related to capacity
in healthcare but also previous work done at SU. This facilitated the creation of the
theoretical framework to be used when analyzing the current state, work sampling
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and historical data.

An overview of the current state at Operation 1 was established through observations
and spontaneous interviews. This entailed both the organizational situation and the
surgery process. The data collected for this part of the analysis is principally quali-
tative. Hence, measuring the impact of the recommendations was not as natural as
the quantitative data analyzed later on. The analysis was done with the help of the
literature study and the measures presented for increasing capacity at a surgery unit.

By using the theoretical framework and work sampling study, capacity-related issue
areas could be found and thereafter analyzed. The purpose of the work sampling
study was to get a general overview of how the different activities was divided be-
tween the roles, and how much time was spent on them.

The acceptable relative error was set to 20% with a confidence level of 95%. If a cer-
tain activity was within the 20% error margin it was deemed significant to analyze.
Naturally, the activities with the most observations were the ones taking up most of
the working time, and they were also the ones with the lowest relative error margin.
Together with the theoretical framework, the significant activities were analyzed.
Recommendations, along with potential impact, was then provided for each of the
significant activities. To fully make use of the data generated by the work sampling
study, further grouping of activities could be made in order to decrease the relative
error margin below 20% and make them significant to analyze.

Historical data was analyzed in order to further specify where improvements could
be made and where they would have the most impact. First, the 20 most frequent
surgery types were analyzed based on the total accumulated time spent on surgery
preparations. Out of these 20, three of them were chosen based on the average
length of the surgery, if they were most frequent during the day shift and if they
were mainly elective or emergency surgeries. The reason for the chosen parameters
are further explained in the analysis section. The historical data also served as basis
for how much of an impact the recommendations could have on the capacity.

3.5 Ethical Considerations

Since this study is done within a hospital environment, ethical considerations are of
utmost importance. Bryman and Bell (2018) present several considerations which
are relevant for this study.

First, considerations need to be taken whether there is a risk of harm to participants
of the study - physical harm, harm to development prospects of the individual, stress,
self-esteem and future career prospects. For this study, the main harm identified
was the increased stress levels that would increase due to observation. To mitigate
this, observers presented themselves to the whole department and clarified why this
study was being done, and that they were not observed on an individual level.
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Second, considerations need to be taken whether there is a lack of informed consent
to participating in the study. Since this study was on an organizational level, the
majority of the staff did not feel that they needed to consent to anything. All as-
pects regarding the data collection and study was transparent, and all individuals
were invited to ask questions about the study and its purpose. Additionally, the
study was approved by each of the roles’ union representative.

Lastly, considerations need to be taken with regards to data management and in-
vasion of privacy, both for the employees and the patients. Observations and spon-
taneous talks are aggregated. Hence, there is no way to distinguish which specific
employee that corresponds to certain data. Additionally, the observers signed a
confidentiality agreement with SU due to the sensitive information visible when col-
lecting the historical data.

3.6 Quality critera

This section aims to provide the reader on how the quality criteria has been consid-
ered regarding validity, reliability and transferability.

3.6.1 Validity

Reige (2003) presents 4 approaches to establish validity in a report; Using multiple
sources of evidence, Triangulation, Notes during meetings and observation and re-
view of report. During the literature study, several relevant sources have been used
and examined in order to create a clear structure for an analysis and to give a correct
measurement of observations. A triangulation has been achieved by ensuring that
ambiguities in retrieving historical data, literature, small conversation and the work
sampling is correct. This through continuous communication with our supervisor
and the staff at Operation 1. At every meeting with our supervisor and during the
observations at Operation 1, at least one person has taken notes or measured on the
content. Notes and the result from work sampling have later been processed and
documented in a personal database to give validated results. Review of the report
have been carried out continuously the last six months. An initial review of the
planning report was carried out by an associate professor at Chalmers, who is also
our supervisor, to give an approval for further study on the subject. Furthermore,
the report has undergone a final examination by our supervisor as well as students
from Chalmers. Organizational description and historical data have been reviewed
by external project owner, to ensure that it is properly described.

3.6.2 Reliability

Since the theory selected for this report can be used in different forums within Op-
erations Management, authors and articles related to hospitals have been reviewed.
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The supervisor for this project has acted as a link between the hospital and the
University. He has contributed with knowledge and support to this project through
his role as a professor at the University as well as responsible for ongoing projects
at Sahlgrenska University Hospital.

All meetings have contributed to discussions, which has enabled follow-up questions
to be made in order to ensure that no important and essential information has been
missed. The meeting respondents have been from different organizational levels to
ensure that the right person answers the right question. When things have been
perceived as uncertain, the right respondent has been contacted to clarify what has
been said.

During the work sampling, all staff members were informed and got the work sam-
pling method explained to them at the start of the observation session and they
were told to behave just as usual. The observers kept a low profile to not disturb
the staff which could affect the results. If it was not obvious what the staff were
doing, the observers walked closer or asked questions just to make the results more
reliable. The observation sessions were also good opportunities to get a deeper un-
derstanding of what the staff were doing and a more detailed understanding of the
hospital processes.

3.6.3 Transferability

Transferability in this report refers to how problem identification and further rec-
ommendations can be applied in other hospitals. The recommendations are based
on the three most frequent surgery types with a high impact on the current capacity
and are supposed to be applicable in similar departments or clinics. The solutions
cannot guarantee similar improvement for all kind of surgeries due to the differenti-
ation of surgical process in other departments or hospitals. In addition, it is possible
to use the recommendations as a base for clinics with elective surgeries. Operations
that performs emergency surgeries have a different preparation process because of
difficulties in assessing the high variation.
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Results

In this chapter, results from the short informal interviews and observations were
used to create an overview of the current state at O1. Further, results from the work
sampling and collection of historical surgery data is presented.

4.1 Current State

The current state at Operation 1 is divided into two categories. The first one covers
the organizational aspects at Operation 1 such as, role definitions at the surgery
unit, required roles in the surgical theatre, planning and control, and what tools are
used by the staff to organize the surgery unit. The second covers the entire surgery
process, where certain sub-processes have received additional attention due to the
focus of report, such as not focusing on the actual surgery.

4.1.1 Organization

Key roles which are related to capacity utilization and planning are nurse assis-
tants, surgical nurses, anaesthetist nurse, anaesthetists and surgeons. Operation 1
is manned 24 hours a day, 7 days a week. The 24 hours a day are separated into
three different shifts. Although this study has its main focus on the day shift, it is
important to mention the other shifts since the activities performed during the end
of the night shift have proven to be resourceful for the start of the day shift.

The working times for the day shift are bestowed to 07:15-16:00, with 07:15 being
the starting time of the daily morning meeting. Some nurses start 06:45 due to
staffing needs or personal needs. Due to the nature and severity of surgery, nurses
and anaesthetists time their unpaid lunch time of 45 minutes together with a plan-
ning coordinator, who finds a temporary replacement.

The surgery unit has 10 surgical theatres out of which, only 5 can be utilized simulta-
neously when fully manned with the current staff. At minimum, one nurse assistant,
one surgical nurse, one anaesthetist nurse, one anaesthetists and one surgeon were
required per surgery. Depending on the type of surgery, an additional surgical nurse
or nurse assistant can be added. The planning coordinators are the ones planning
and controlling the utilization of surgical theatres and personnel. There is at least
one present at all times during the day shift. They hold the daily morning meet-
ing in order to make sure that everyone knows what they are supposed to do, and
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in which surgical theatre. They are also responsible for the planning and flow of
patients during the week, and during the day. Additionally, they make sure that
everyone gets their planned breaks. The job requires a large amount of know-how,
and it is why the nurses with most experience, related to Operation 1, are the ones
handling the planning and controlling.

With regards to efforts in continuous improvements at SU, they frequently bring new
ideas to the table. One of these is that the night shift helps prepare the instrument
tables in the surgical theatres in order to reduce the preparation time for the first
surgery of the day. Another study that has been done in parallel with this one is
the having a coordinator in the theatre. This role acts as the spider in the web
controlling timing and resources for the specific surgery. By having this role, it
was concluded that it significantly reduced surgery procedure times and that it is a
solution that could be further explored.

4.1.2 Surgery Process

The elective surgery process entails two different preparatory procedures. First,
making sure the patient is ready. Second, making sure the surgical theatre and team
is ready for the patient. Figure 4.1 below visualizes the flow of both preparatory
procedures. The figure is mostly for illustrative purposes and does not depict the
exact timeline or order of processes.
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Figure 4.1: The surgery process

Preoperative patient preparations
The preoperative patient process usually start prior to the day of surgery. The pa-
tient’s health condition is evaluated by the anaesthetists. Factors included in the
evaluation range from age to complexity of the surgery. Based on this evaluation the
anaesthetists supervise the patient’s condition up until day of surgery and tries to
choose the anesthesia most suitable for the patient. The supervision of the patient’s
condition by the anaesthetists continue throughout the day of surgery. If, at one
point, patient safety is at risk, the anaesthetists can cancel the planned surgery and
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re-evaluate the situation.

On the day of surgery, the patient first arrives to the preoperative unit. Here, the
patient is prepared and clothed, and the patient’s health condition is evaluated by
the anaesthetists and surgeon. If the surgery is the first case of the day, the anaes-
thetists and surgeon are required to have spoken with the patient and evaluated the
patient before 07:45. After this, the patient is deemed ready to be retrieved when
the preoperative theatre preparations are finished.

Preoperative theatre preparations

Independent of the preoperative patient process, the surgical team commence the
preoperative preparations for the surgical theatre. If the surgery is the first case
of the day, the preparations start after the daily morning meeting at 07:15. The
morning meeting takes about 10 minutes. All team members of the surgical team
read up on the patient journal related to the surgery. All team members then par-
ticipate in a team meeting in the surgical theatre clarifying roles and what needs to
be done and prepared. If it is the first surgery of the day, the night shift staff might
have cleaned and prepared the surgical theatres as much as their time has allowed
and as much as possible. For example, the night staff had recently tried preparing
the surgical theatre with the surgical instruments needed for the first surgery of the
day shift, at the end of the night shift. This resulted in a significantly faster theatre
preparation.

The surgical nurse begin setting up the instrument table with help from the nurse
assistant. The instrument preparations are done inside the surgical theatre so that
the instruments does not get contaminated by moving them from room to room,
through corridors. The instrument preparations are required by procedure to be
done in a room with certain ventilation and the surgical theatre is one such room.
The sterilized instruments are retrieved to the surgical theatre by the surgical nurse
from the storage room. The instruments are mainly packed in sealed plastic or tex-
tile containers. When retrieved, the surgical nurse dress up in sterilized clothes with
help from the nurse assistant. The surgical nurse then cover the instrument table
with a sterilized sheet. The nurse assistant supports the surgical nurse by opening
the containers and keeping them open, which are now contaminated due to move-
ments from room to room. The sterilized surgical nurse picks up the instruments
from the container and sets them up on the table. The surgical nurse then controls
that all instruments are present and that they are clean. If assembly of instruments
are needed, the surgical nurse does this too. The nurse assistant then supports
the surgical nurse by entering the instrument data into the system for additional
traceability, in case an instrument goes missing during the surgery or if a certain
instrument has caused any infection to the patient. As a last step, the surgical
nurse covers the instruments with sheets in order to keep the instruments sterilized
as much as possible. During this whole process, it is recommended that no other
staff enter the surgical theatre until the instruments are covered. The movement and
opening of doors increase the risk of instrument contamination and risk of rework
since new instruments must be retrieved.
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The anaesthetist nurse retrieve necessary medication and equipment from a medicine
storage room outside the surgical theatre and prepares it inside the surgical theatre.
The anaesthetists has to provide the anaesthetist nurse with detailed information
about the preoperative process that has taken place but also which medicine is re-
quired. If changes are made to the anaesthesia procedure by the anaesthetists before
or during the surgery, the anaesthetist nurse has to retrieve the medicine required
and redo the preparations.

When the patient is ready and prepared for surgery and the surgical theatre and
team preparations are complete, the anaesthetist nurse retrieves the patient from
the preoperative unit for transportation to the surgical theatre. As soon as the
anaesthetist nurse connects with the patient, the patient time starts.

Patient time

Patient time start when the anaesthetist nurse retrieve the patient from the preop-
erative unit and transports it to the surgical theatre. When the patient enters the
theatre, it is transferred from its hospital bed to the surgery bed. The team then
runs through the first part of the WHO surgical safety checklist. The team then
helps the patient to position itself correctly for surgery. The time for positioning the
patient depend on the patient’s health condition and the type of surgery. Also, some
surgeons have preferences regarding positioning that are not always communicated
until the surgeon enters the surgical theatre. After positioning, the patient is con-
nected to diagnostic equipment and relevant anaesthetic equipment. Anaesthesia is
commenced once this is done. Once the patient is anesthetized other preparations
may start and the area of surgery on the patient’s body is sterilized and the pa-
tient is draped. The patient is then deemed ready for surgery and the surgeon is
called upon, if not already present. When the surgeon is present, the second part
of the WHO surgical safety checklist is ran through. The full surgical team is then
ready for the first incision, and the surgery may start. The patient time ends when
surgery is complete and the patient is transferred to the postoperative unit for re-
covery. During the transfer, the preoperative preparations for the surgical theatre
are started in order to prepare for the next patient, and the process repeats.

4.2 Work Sampling

This section summarizes the data collected through the work sampling method.
Usually, a work sampling starts with a pre-study to determine the least amount of
required observations. However, the aim of work sampling in this study was to get
a quantitative overview of situation to find where areas where improvements could
be made, and where focus could be directed. Therefore, the study continued with
a predetermined observation period instead of basing it on a pre-study. This was
decided together with the supervisor of this study.

In total, 4415 observations were made during approximately 38 hours. 360 observa-
tions were eliminated from the data set, due to the observed object gone missing,
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having lunch or any other unpaid breaks. Therefore, only 4055 observations were
used as data for analysis. The original period of observation was 40 hours. However,
it was revealed during the study that the day shift usually end 14:00 on Fridays and
not 16:00 like every other weekday. Hence, one planned observation session was re-
moved from the observation period. The accepted relative error was approximately
20%. Since the relative error is over 20% for certain activities, these are not as
significant to analyze as those with under the error threshold.

First, a general overview is presented of all activities observed. Last, a categoriza-
tion is done to give a rough overview of how the time is spent.The categorization

was done with guidance from the supervisor of this study.

4.2.1 General Overview

Table 4.2 below show how the different roles use their time for the activities observed.
Hence, as a first presentation of results, only those with relative error under 20%

are presented.

Table 4.1: Results from the work sampling

30

PPPO 53,5% 66,1% 55,8% 58,6% 3%
Document and read information about patient 9,4% 5,3% 7,9% 7,5% 11%
Prepare surgical theatre 4.7% 6,9% 6,2% 5,9% 12%
Paid break 5,9% 4.6% 3,8% 4.8% 14%
Manage other staff issues 6,0% 4.1% 3,7% 4,6% 14%
Retr_leve or drop off_r‘_naterl_als, samples and 2.8% 5.0% 5.3% 4.4% 149,
equipment for specific patient

Cleaning work 0,8% 1,6% 52% 2,6% 19%
Conversation with patient 3,5% 1,5% 0,1% 1,7% 24%
Communicate about a patient 2,6% 0,7% 1,5% 1,6% 24%
Pick up and refill materials 0,2% 0,1% 3,1% 1,1% 29%
Manage other interference or waiting 0,5% 1,3% 1,4% 1,1% 29%
Handle other materials 0,2% 0,7% 2,1% 1,0% 30%
Supervise students 1,9% 0,1% 0,8% 0,9% 32%
Retrieve planned patient 2,6% 0,1% 0,1% 0,9% 33%
Transport the patient outside the unit 2.3% 0,4% 0,0% 0,9% 33%
Wait for information 0,5% 0,7% 0,8% 0,6% 38%
Prepare pharmaceuticals 0,5% 0,1% 0,6% 0,4% 46%
Manage non-specific patient information 0,8% 0,3% 0,2% 0,4% 47%
Wait for surgeon 0,4% 0,1% 0,7% 0,4% 47%
Wait for anaesthetist 0,3% 0,4% 0,1% 0,2% 62%
Check stock and order new supplies to storage 0,3% 0,0% 0,4% 0,2% 65%
Perform other assistance to patient 0,2% 0,0% 0,1% 0,1% 98%
Perform other pharmaceutical work 0,1% 0,0% 0,0% 0,0% 196%
Total 100,0% | 100,0% | 100,0% | 100,0%
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For example, it can be observed from the table that PPPO constitutes 58.6% of the
total working time. PPPO is the actual surgery time and represents working time
related to the patient. This is equals 281 minutes for an 8-hour working day. Surgi-
cal nurses spend 66.1% of their time on patient time. A reason for this could be that
the surgical nurses are required to stay in the surgical theatre at all times during
surgery due to sterilization requirements and due to being the primary assistant to
the surgeon.

Documenting and reading information about a patient constitutes 7.5% of the total
working time. The differences between vocations are explained by the anaesthetist
nurse required to monitor and document the anesthesia and the medication given.
The nurse assistant assists the surgical nurse with documentation and reading about
the patient during the actual patient time and during preparation of surgical instru-
ments. Hence, the allocated time for this activity is higher for the nurse assistant.

Preparing the surgical theatre constitutes 5.9% of the total working time. The ma-
jority of this time consist of setting up the table of surgical instruments, done by
the surgical nurse and the nurse assistant. Other sub-activities include checking
that medicine for anesthesia is in place, and other material or equipment required
to performing the surgery.

Taking a paid break constituted 4.8% of the total working time. Even though this
adds no value to the patient, it should be noted that this number is low in compar-
ison to other hospitals in Sweden, according to the management team at SU.

Managing other staff issues constitute 4.6% of total working time. The majority of
this time can be attributed to the 2-hour morning meetings on Wednesdays where
the whole staff participates.

Retrieving or dropping of material, samples and equipment for a specific patient con-
stitutes 4.4% of the total working time. The anaesthetist nurse and the anaesthetists
usually decide prior to the surgery which anaesthesia medicine and equipment to use
for the anaesthesia, and medicine is usually put in a safe cupboard in the surgical
theatre. Therefore, the anaesthetist nurse’s time is low. If additional surgical instru-
ments are needed during the surgery, the nurse assistant retrieves the instruments,
and other materials if need be. Hence the nurse assistant’s time spent on this is
higher.

Cleaning constitutes 2.6% of the total working time. It should be noted that clean-
ing could take place during the preparation of the surgical theatre but also simpler
cleaning during the surgery in order to make the changeover process between surg-
eries faster. In addition, the cleaning could also be done by called in cleaners from
a cleaning firm, and the cleaning firm personnel is not included in the observations.
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4.2.2 Weekly and daily overview

This section presents a weekly and daily overview of how much of the working time
is spent doing patient surgery-related work (PPPO). This is done in order to better
pinpoint where potential for improvements may exist.

In the figure below, the weekly and daily split is presented, see figure 4.2 and 4.3.
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Figure 4.3: %PPPO, daily split
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From the total percentage of PPPO presented in section 4.2.1, e.g 58.6%, it is possi-
ble to draw some general conclusions about the weekday differences and daily time
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differences.

For example, Wednesdays and Fridays have low PPPO activity meaning that there
could be other activities that might take time. Wednesdays, the staff has a morning
meeting of two hours, which is why PPPO is lower in this case. Fridays have stan-
dardized procedure for colorectal surgeries, meaning that surgeries are quicker and
more frequent along with faster preparation times. The higher number of surgeries
mean that more total time is spent cleaning the surgical theatre, communicating
with the patients, and retrieving materials for the surgeries. Hence, this might a
reason why PPPO activity is low.

Obvious discrepancies from the mean PPPO-percentage are during the first hour of
the day. This is mainly due to the Wednesday morning meeting, the daily morning
meeting and surgical theatre preparations preparations.

4.2.3 Categorization

As mentioned previously in 3.4, grouping some data posts will decrease the relative
error and hence make it significant to analyze. This categorization was done for two
reasons. First, to make use of all data and decrease the relative error. Second, to
get a better overview of the split between roles. Direct patient work is composed
of all the work done in direct proximity to the patient. This includes work in the
surgical theatre while the patient is present. Indirect patient work is composed of all
the other planned work related to the patient, but while the patient is not present.
Service work is composed of all other non-patient work. Other is composed of all
non-value adding activities, such as handling interferences, paid breaks and waiting
time. See figure 4.4 for a breakdown, and table 4.2 for the results.
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Figure 4.4: Activities included in categorization
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Table 4.2: Categorization

Direct patient work 62.2% 68,0% 56,2% 62,1% 2%
Indirect patient work 20,0% 18,0% 21,6% 19,9% 6%
Service work 10,3% 6,8% 15,4% 10,9% 9%
Other 7,5% 7.1% 6,8% 7,2% 11%
Total 100,0% | 100,0% | 100,0% | 100,0%

4.3 Historical Data

This section presents historical data collected from the software system, Orbit, at
Operation 1. First, general data on surgeries is presented. Second, the most com-
mon types of surgeries performed at Operation 1 are presented, which will be the
basis for which specific types of surgeries to focus on. Additionally, times related to
affectable processes are presented - processes not related to direct patient work. As
mentioned 3.3.4, the historical data was collected with the help of an experienced
nurse at Operation 1. It was collected manually from their internal software Orbit.
From Orbit, it is possible to find, among other things, each surgery that has taken
place and planned surgeries. For each specific surgery it is possible to extract data
on surgery type, time of day, when the patient preoperative phase is done, when the
team start theatre preparations, when patient time starts, when anesthesia starts,
when the surgery preparation is done and when the surgery begins. Description of
the data collected is further described below:

e Preop done - When the patient is prepared and ready at the preoperative
unit

e Theatre start - When the team is in the theatre and preparations for the
surgery begins

o Patient time start - When the team is locked to a patient e.g. retrieving
the patient from the preoperative unit

o Anaesthesia start - When anesthesia induction is started inside the surgical
theatre

e Surgery preparation finish - When the patient is washed, dressed and ready
for surgery, and the equipment is on site.

o Surgery start - When first knife incision is recorded.

4.3.1 General Data

In this section, general data is presented. This includes the average start time
of the first case of the day, the average surgery time for elective operations, how
many elective surgeries that was performed during the period, how much total time
was spent performing elective surgery. Also, two histograms of surgery times and
changeover times are presented, see figure 4.5.

From the figure it is apparent that most surgeries take between 61-120 minutes to
perform, while most changeovers take 61-90 minutes to perform. Additionally, the
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Figure 4.5: Split of average surgery times and changeover times from February to
April

average first case setup time was 09:18, e.g. 123 minutes after the daily morning
meeting has ended. The average elective surgery time is 129 minutes. The num-
ber of elective surgeries performed during the period of February to April was 502.
64555 minutes was spent doing elective surgery during the period. These numbers
equate to 167 surgeries per month and 8 surgeries per working day, spread across
the available surgical theatres, e.g. 4 or 5 theatres. This means an average of 2 surg-
eries per day and theatre. From the work sampling study, it was concluded that 281
minutes was spent on elective surgery time, %PPPO, which equates approximately
140 minutes per surgery.

Operation 1 have previously implemented a Fast-Track programme for colorectal
surgeries, which are all performed during Fridays. This was done due to the speed of
which changeovers can take place at a much faster pace than other surgeries, allowing
for more surgeries to be performed during the same day. Colorectal surgeries, due
to their nature, require less sterilization measures to take place. It is therefore
interesting to see the same type of histograms as presented above, but filtered by
Fridays, during the same period of time. See figure 4.6.

From the figure, it is apparent that most surgeries take between 0-60 minutes to
perform, while most changeovers take 61-90 minutes to perform. Additionally, the
average first case setup time was 08:42, e.g. 87 minutes after the daily morning
meeting has ended. The average elective surgery time is 30 minutes. The number of
elective surgeries performed during the period of February to April was 116. As can
be seen from the work sampling study in figure 4.2, Fridays have a lower %PPPO
(surgery time), than other weekdays. This is mainly because changeover times are
almost double the average surgery time, even though a greater number of surgeries
can be performed.

The comparison of weekdays versus Fridays, which have standardized colorectal
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Figure 4.6: Split of average surgery times and changeover times from February to
April, Fridays

surgeries, show that high volume surgery-types can allow for more surgeries to take
place if changeover times are low in combination with low average surgery times.
These findings are further analyzed in chapter 5.

4.3.2 Specific Data

To bring the highest impact, it was decided that the surgery types with the highest
accumulated preparation times would be a way to start the filtering. Some data
extraction difficulties existed related to Orbit and no rigid data for the frequency
or number of surgeries was readily available - for specific surgery types. Hence,
the accumulated preparation time was deemed sufficient to serve as a proxy for es-
tablishing the most common surgery types. Data on the 20 most common surgery
types was collected, see table 4.3. The accumulation period was between January
and April, 2019. It should also be mentioned that these times include all surgeries,
meaning that no regard is taken to whether they are elective or emergency surgeries,
or if they were done during the the day, evening or night shift.

To enable a more focused analysis, only three surgery types were chosen: JAHOO,
JKA21 and JAHO1. Filtering was done together with an experienced nurse assis-
tant. Filtering was based on surgery types with mainly day shift procedures, shorter
length of surgery, mainly elective surgeries, mainly multiple surgeries of the same
surgery type during the same day, in combination with the highest accumulated
preparation times.

Day shift procedures were chosen since it is within the scope of this study. Surgery
types with shorter surgery times were chosen because this means that more changeovers
take place during a single day, and the total impact of reducing changeover times
would be greater. Elective surgeries were chosen because is is within the scope of
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Table 4.3: Top 20 surgery procedures sorted by highest
accumulated preparation times

JEADL 404 1DF11 1580
JAHOOD 7070 JAPD1 1461
1KAZ21 6142 JAB30 1455
JAHDL 3850 IFBOO 1425
IFB30 3150 JFF13 1386
JFF10 3071 IFB46 1254
1HAQD 2624 IFF27 1213
IHD30 2564 1DFS7 1103
1GB01 1740 IFB47 1086
IFGO0 1713 IFB31 1076

the study. Surgery types that are done several times during one single day are cho-
sen because they are easier to standardize, like the case with colorectal surgeries on
Fridays. For example, JAH00, JKA21 and JAHO1 are mainly done during Tuesdays
and Thursdays.

Table 4.4 shows the total number of surgeries between February and April. The
total number of surgeries for these types were 76, or approximately 15% of total
number of surgeries during the period of February to April. This period was chosen
since surgery activity was low during January and it could possibly skew the data.
Mean theatre preparation time is the time it takes from Theatre start to Surgery
preparation finish. The preparation time calculated does not differentiate between
first case setup or changeover times, since the procedures are more or less the same.

Table 4.4: Calculations of historical data

Number of surgeries 22 14 40
Mean theatre preparation time (min) 103 85 75
Accumulated preparation time (min) 2266 1150 3000
Mean time between finished preparations and surgery start (min) 5 8 5
IMean time between preop finished to patient time (min) 26 30 30
Mean time between patient time to anaesthesia start (min) 21 22 21
IMean time between patient time to theatre start (min) 37 25 25

The time intervals presented at the end of the table are the main data that was
available to extract from Orbit, for specific surgery types. To further illustrate the
intervals, see the example of JAHOO in figure 4.7.

The purpose of the illustration is to show how much time is spent between the
different processes and to circle back to the theory presented earlier in this study
when analyzing the surgeries. For the case of JAH00, eliminating the delay after
the surgery preparations are complete would result in 5 minutes saved per surgery.
Moreover, the patient time starts when the anaesthetist nurse retrieves the patient
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Figure 4.7: Time between different processes for surgery type JAH00

from the the preoperative unit. For JAHOO, the time between retrieving the patient
to start of anaesthesia is 21 minutes. Improving this process by even 5 minutes
would mean that at least 10 additional minutes could be saved. Ultimately, the goal
is to reduce the number of minutes across all intervals so that the number of minutes
saved equals an additional surgery during the same day. This is further analyzed in
chapter 5.
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Analysis and Recommendations

In this chapter, the data collected through observations, work sampling and from
Orbit is analyzed with the theoretical framework as basis. The data is analyzed with
the main goal of increasing capacity at the surgery unit. From the literature study,
it became apparent that two general areas have received the most focus in operations
management of surgery units. Hence, results will mainly be analyzed through the
lens of changeover time and variation. Recommendations to increase capacity at
Operation 1 will be presented with regards to these two areas. Furthermore, rec-
ommendations for continuous improvements is provided in order keep improving on
recommendations provided earlier.

5.1 Changeover and preparation times

The main goal of increasing capacity at a surgery unit is to be able to perform more
surgeries in the same amount of time. While this can be done with adding extra
labor, this is not an option for Operation 1. Hence, the capacity increase must
come from making the processes more efficient. Sandberg et al. (2005) defined two
types of periods for a surgery process: non-surgery time and surgery-related time.
It is the reduction of non-surgery time that will provide the possibility of increasing
capacity for the surgery unit. Non-surgery time is the time between two surgeries,
and changeover time is a part of this time - the time when there is no patient in
the surgical theatre (Peltokorpi et al., 2009). In this study, the time for preopera-
tive theatre preparations, as described in 4.1.2 is the changeover time for the process.

From the specific historical data in 4.3.2, the changeover time can be calculated
approximately as the time between theatre start and anaesthesia start. For JAHOO,
the changeover time is 58 minutes. JAHO1, 47 minutes. JKA21, 46 minutes. These
times are below the mean of changeover time, as presented in figure 4.5, but have
high total preparation times. Note that the mean preparation times are higher than
the changeover time. This is because the preparation times include the induction
of anaesthesia and positioning of the patient. Because the instrument preparations
take place before the theatre patient preparations, such as the anaesthesia, the sur-
gical nurse and nurse assistant can have moments where they are idle and have to
wait for the anaesthesia to be finished. Hence, there are two interrelated aspects to
look at. First, how do we reduce the changeover time? Second, how do we reduce
what makes the total preparation time so long, e.g. the anaesthesia process?

39



5. Analysis and Recommendations

Meredith et al. (2011) provided five factors which determine if changeovers are
efficient. They are presented below in figure 5.1.

Faster Slower

Process archetype Patient preparation and instrument Patient preparation and instrument
preparation concurrently preparation in series

First case setup timing Long first case setup Short first case setup

Prepare surgical instruments Two stage preparation, start of day Complete preparation during
and during changeover changeover

Surgeon availability Surgeon in theatre during Surgeon arrives after patient is ready
changeover for operation

Theatre layout Set up room adjacent to theatre for No set up room - all processes occur in
patient preparation theatre

Figure 5.1: Summary of activities which make faster or slower changeovers
(Meredith et al., 2011)

The process archetype at Operation 1 is of the slower type - patient preparation and
instrument preparation are done in series, see figure 2.5. This is done for all types of
surgeries except for colorectal surgeries on Fridays, which explains the much lower
changeover time of 30 minutes. Because colorectal surgeries does not require the
same amount of sterilization, the instrument preparation process can be done at the
same time as the patient preparation process in the surgical theatre. This is called
concurrent processing, and provides the most significant impact on changeover time,
see figure 2.6.

Furthermore, Meredith et al. (2011) found that the presence of the surgeon during
the changeover boosted team morale, sped up the instrument preparation process,
reduced misunderstanding that could lead to late changes and obviously be on time
for the surgery. At Operation 1, the surgeon availability varied depending on in-
dividual surgeons. It is not a requirement from the surgeon to fully help in the
changeover process. However, the surgeon should be on time for when the patient
is ready. For example, one of the main causes of the waiting time between finished
preparations and surgery start is the late arrival of surgeons - in JAHOO, this is on
average b minutes per surgery.

Additionally, Meredith et al. (2011) escalates the need for a setup room adjacent to
the theatre for patient preparation so that the patient preparation does not inter-
rupt the theatre preparations. At Operation 1, the patient preparation is done in
the theatre. For other surgeries than colorectal ones, the sterilization requirement
still applies. As such, it is not possible to prepare instruments at the same time of
patient preparation - which is why the patient preparation has to be done some-
where else in order to achieve a concurrent design.

Therefore, this study will make an effort for a process redesign in order to reduce the
total preparation time through parallelization of instrument preparation and patient
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preparation processes. Smith et al. (2008) and Harders et al. (2006) have done the
same procedure and achieved close to 50% reduction in non-surgery time. Hence,
methods and systems are derived from their research. Furthermore, the reason for
specific surgery types (JAH00, JAHO1 and JKA21) is because Dexter and Macario
(1999) found that surgeries with less than two hours surgery time have the largest
potential of adding an extra surgery to the daily schedule. Even if it does not, the
additional time saved will be used for supporting activities (Wong et al. 2010). In
an 8-hour workday there are 480 minutes. Assuming that the average surgery takes
two hours, the total JAHOO-procedure takes 223 minutes. In a day, this equates to
446 minutes if not working overtime. A reduction of 50% in non-surgery time would
yield an additional 103 minutes during a day. With the remaining 34 minutes from
the 480 minutes, and the 103 minutes saved, one could achieve 137 minutes extra
to perform a shorter surgery. It should be further noted that it is not the aim of
this study to detail the specifics of the three surgery types, but rather showcase the
impact that standardization and parallelization can have on high volume surgeries.

5.1.1 Process Redesign

Operation 1 currently has no concurrent processing. With proven results from par-
allelization (Meredith et al. 2011; Harders et al., 2006; Smith et al., 2008), this is the
recommendation to Operation 1. One particular object is needed for this to work;
namely the anaesthesia induction room, which allows the patient to be prepared for
surgery while the instrument preparation process can keep running. At Operation
1, they have idle surgical theatres in proximity to each other. It is therefore recom-
mended that at least one of these are used an anaesthesia induction room. While
no map of the surgical unit layout is available, it is estimated that the transport
time from such a room to any of the surgical theatres at Operation 1 is less than
one minute. Additional benefits of having a anaesthesia induction room is the cen-
tralization of where anaesthesia is induced, meaning that a larger pharmaceutical
inventory can be moved into the room and reduce the need for running back and
forth between the surgical theatre and the medicine room.

It is also possible to have a room with the same ventilation as the surgical theatre
for preparing the instruments. This would allow the anaesthesia to take place as
usual in the surgical theatre while the instruments would be brought in, in time for
the surgery. However, from interviews with the staff, the risk for contamination of
instruments during the transport to the surgical theatre would be greater. It was
therefore decided that this might not be a trade-off that they would be willing to
risk, since patient safety is of utmost importance. If such a solution was possible,
it would be approximately interchangeable, in impact measured, with the anaesthe-
sia induction room. Hence, an instrument preparation room where instruments are
transported to the surgery room is not an option for Operation 1.

For an anaesthesia induction room to work smoothly, a mobile surgical bed is needed.
Operation 1 transports the patient from the preoperative ward to the surgical room
on the preop bed and then has to, sometimes, lift the patient onto the surgical table
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which is fixed. The mobile surgical bed will allow for transports without the need for
lifting patients. Further, if the patient is able to have the correct positioning during
the time in the anaesthesia induction room, this will save additional time. While
in the anaesthesia induction room, monitoring leads can be placed on the patient
so that the connecting of monitoring equipment is done quickly when the patient
arrives into the surgical theatre. Harders et al. (2006) estimated that they saved on
average 7-8 minutes of non-surgery time, per surgery, by using a mobile surgery bed.

5.1.2 Process Redesign Impact

For JAHOO, the changeover time is 58 minutes. JAHO1, 47 minutes. JKA21, 46
minutes. The mean theatre preparation time (non-surgery time), is 103, 85 and 75
minutes respectively. This means that the theatre patient preparation part part is
55, 38 and 29 minutes respectively.

Without making any changes to the theatre preparation processes (changeovers),
moving the patient preparation for JAHOO eliminates a maximum of 55 minutes
from the mean theatre preparation time, since the instrument preparation can con-
tinue during the patient preparation. JAHOO has a planned surgery time of 140
minutes accompanied by 103 minutes of preparation. This makes it possible to fit
two of these into one day for 486 minutes. With an anaesthesia induction room, 110
minutes can be saved. Not enough for an additional average surgery but a significant
save. For JAHOO to be able to add an extra surgery to the day, an addition of 133
minutes is needed.

Without making any changes to the theatre preparation processes (changeovers),
moving the patient preparation for JAHO1 eliminates a maximum of 38 minutes
from the mean theatre preparation time. JAHO1 has a planned surgery time of 78
minutes accompanied by 85 minutes of preparation. On a regular work day of 480
minutes, it is possible to squeeze in three JAHO1 procedures for a total of 489 min-
utes. With an anaesthesia induction room, 114 minutes can be saved. Not enough
for an additional average surgery but a significant save. For JAHO0O to be able to
add an extra surgery to the day, an addition of 49 minutes is needed.

Without making any changes to the theatre preparation processes (changeovers),
moving the patient preparation for JKA21 eliminates a maximum of 29 minutes
from the mean theatre preparation time. JKA21 has a planned surgery time of 84
minutes accompanied by 75 minutes of preparation. On a regular work day of 480
minutes, it is possible to squeeze in three JKA21 procedures for a total of 477 min-
utes. With an anaesthesia induction room, 87 minutes can be saved. Not enough
for an additional average surgery but a significant save. For JKA21 to be able to
add an extra surgery to the day, an addition of 72 minutes is needed.

As can be seen from the analysis, all three surgery types require additional minutes in
order to perform an additional surgery of the same type, under the assumption that
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each surgery type is performed after each other. However, adding an anaesthesia
induction room is not the whole part of the solution. It decreases the non-surgery
time significantly by eliminating time equal to the patient preparation process. As
a result, the non-surgery time is equal to the changeover time, since the patient
preparation time was lower than the changeover time. As a next step, reducing the
changeover time through reduction in variation is of priority as well as standardizing
these type of surgeries.

5.2 Variation

As stated by Holweg et al. (2018), variation is inherent in all process inputs, tasks
and outputs. Also, variation can occur in quality, quantity and timing. Operation
1 is no different. From observations and work sampling, it could be observed where
variation in processes caused delays, from variation in organizational issues to vari-
ations in the surgery process.

Variation in operations management can, according to Holweg et al. (2018), be dis-
tinguished into two different types, common causes and assignable causes. Variation
created by common causes is random and difficult to predict, such as a malfunc-
tioning I'T-system, late patient arrival, late arrival of external cleaning services or
that the patient may refuse surgery on day of surgery (Harders et al., 2006). The
scheduling software might crash which could cause heavy delays and paralyze the
whole surgery unit. A late patient arrival might postpone other surgeries for the day,
causing idle time for the surgical team, or in worst case, the patient gets sent home.
Late cleaning services results in a longer changeover time. The patient, anaesthetists
or surgeon might cancel the surgery due to no consent or deteriorated health condi-
tion. Non of these are easy to control from the perspective of the surgery unit.

Variation caused by assignable causes are, on the other hand, easier to predict and
remedy (Holweg et al., 2018). From table 2.2 by Harders et al. (2006), several
assignable causes for delay can be identified at Operation 1. Difficult IV or intuba-
tion, instruments or supplies unavailable, anaesthetist delayed and surgeon delayed
- among others. These are further elaborated upon below.

Variation in preoperative patient preparations

Prior to each surgery, the anaesthetists and the surgeon are tasked with visiting
the patient for a final check of the patient’s health condition. As previously men-
tioned, if the anaesthetists or the surgeon considers the patient to not be in the right
health condition for surgery, they can cancel it which ultimately leaves an opening
in the schedule with underutilized time. Further, if the surgeon or anaesthetists has
not checked up on the patient prior to the surgery, the surgery might be delayed
further. At Operation 1, this was often the case and the surgeon instead did the
check-up when arriving after all surgery preparations finished. When preoperative
preparations are finished for the patient, it usually has to wait for the theatre to be
fully prepared. For example, a patient undergoing a surgery of type JAHOO waits
an average of 26 minutes for the theatre to be ready. This can result in anxiety and
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in worst cases a deterioration of the patient’s health condition. This variation in
timing is possible to reduce (May et al., 2011).

Variation in preoperative theatre preparations

There are two main processes that can be affected by variation in the preopera-
tive theatre preparations: the instrument preparation process and the anaesthesia
preparation process. Prior to a surgery, the surgery type is communicated to the
sterilization unit and the correct instruments are sterilized and packaged so that
the instruments are available. However, in extreme cases, instruments for specific
surgeries can be inaccessible or not ready for use. This can cause heavy delays or
even cancellation of a surgery. According to Holweg et al. (2018), it is important
that an organization has planned for availability of resources such as equipment and
materials in order to achieve a high production level. Furthermore, in 4.2.1 it was
shown that 4.4% of the total working time was spent on retrieving or dropping ma-
terials, samples and equipment for a specific patient, which happens when preparing
for a surgery but also if rework of the instruments preparation needs to be done.
Reasons for this is contamination of instruments, breakage of instruments, forgetful
staff or that the surgeon has not communicated a change in the surgical procedure
which require new instruments. Out of the 4.4% it is estimated that at least half is
related to variations instrument preparations. A reduction of these variations would
result in 10 minutes saved.

Variations in the anaesthesia process occur when the anaesthetists changes the
anaesthesia plan in the last minute which means that the anaesthetist nurse has
to redo all preparations of pharmaceuticals. As with the instrument preparation
process, if the anaesthetist nurse forgets pharmaceuticals for the anaesthesia, he or
she has to go the medicine storage to retrieve the required medication.

Variation during patient time

During patient time variation can occur due to the positioning, surgeon or anaes-
thesia. When the patient first enters the surgical theatre, he or she is transferred
from the preoperative bed to the surgery bed. If the patient’s health condition is
critical, this can take additional time. The patient is then positioned for surgery,
which may or may not take longer time than expected depending on the type of
surgery and the condition of the patient. Also, the surgeon might have his or her
own preferences regarding positioning, which could cause extra delay if the surgeon
is late to the surgery. Variation is also prevalent when inducing anaesthesia. From
small interviews with the staff at Operation 1, it became apparent that scheduling
gets significantly harder because of the uncertainty of duration of anaesthesia in-
duction. This is because every patient is different, reacts differently to medication
and has different anaesthesia methods. In addition to this, SU is an university hos-
pital and the anaesthetists doing the anaesthesia are sometimes supervised students
which prolong the anaesthesia phase.

Variation during cleaning process
An underlying reason for the occurrence of waiting time between surgeries is mainly
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because the preparation of surgeries is serial (Meredith et al., 2011). Between the
surgeries, the surgical team need to wait for external cleaners, who are tasked to
clean the surgery theatre. From the 4.2.1 it showed that 2.6% of the working time,
around 12 minutes of a working day, consisted of cleaning the surgical theatres. In
the department there are only two cleaners with responsibility to clean up to five
surgical theatres between the surgeries. A recurring problem for the cleaning staff is
when they need to clean several surgical theatres at the same time. In some cases,
the surgical teams need to wait for the cleaning staff to complete their duties on
another theatre or even clean the surgical theatre themselves. The reason is mainly
due to the fact that resources for cleaning are limited and nurses may carry out tasks
that are not related to their actual work. During the observations, it was clear that
when surgeries were completed at the same time, there was difficulty in maintaining
a planning for cleaning. The cleaners did not seem to have a schedule to follow and
were called by the surgical team when cleaning assistance was needed. Furthermore,
the cleaners worked in pairs and staff pointed out that it would be more efficient for
them to clean one theatre each. Since a external firm is hired to clean the theatres,
it is a waste to not fully utilized this resource. This would save up to 12 minutes
per day if cleaning could be fully eliminated.

5.2.1 Reducing variation

There are easy wins to be had when reducing variation at Operation 1. First, make
sure surgeons and anaesthetists are on time for the check-up prior to the surgery, and
on time for the surgery. From 4.2 it can be observed that waiting time accounts for
2.4% of total work time, which is close to 12 minutes per day. Additionally, making
sure the instrument process proceeds according to routine without contamination,
forgetful staff and thorough communication from surgeons will potentially save an
additional 12 minutes. A solution for the surgeons is to produce a list for specific
surgery types with their preferences, so that no late changes due to lack of commu-
nication occur. The same goes for the relationship between the anaesthetists and
the anaesthetist nurse. Moreover, if an anaesthesia induction room is added, with
a centralized medicine storage in the same room, the effects of forgetting medicine
or redoing the preparation process are reduced. The variation during patient time
can be handled by the anaesthesia induction room. If somewhat predicted, the
patient time can start earlier in the anaesthesia room. Of course, communication
between the anaesthesia team and the surgical theatre team is required in order to
time the both processes. Additionally, Harders et al. (2006) estimated 8 minutes of
saved time when using a mobile surgery bed during the bed transfer and positioning
phase. Last, paid breaks can be reduced but not eliminated. With reference to 4.2.1
paid breaks constitute 24 minutes. Hence, reducing this could further increase time
available for performing additional surgeries. However, it should be noted that this
number is relatively low in comparison to other hospitals in Sweden, and it might
not be feasible to reduce this time any further.
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5.2.2 Variation Reduction Impact

By eliminating waiting time, 12 minutes is saved. By eliminating mistakes in the
instrument preparation phase, 12 minutes is saved. With a mobile surgery bed, 8
minutes is saved. Eliminating the cleaning for the staff and fully outsourcing it to
the external firm would save 12 minutes. Reducing paid breaks could potentially
save 24 minutes. In total, 68 minutes can be saved per day. Of course, these are
optimal numbers. However, the 68 minutes are suddenly enough to perform an
additional JKA21 or JAHO1 per day and theatre, assuming only one surgery type is
running in a single theatre and that an anaesthesia induction room is implemented.

5.3 Standardization and Continuous Improvement

With reference to Liker (2006), standardization of processes is important since they
serve as a basis for continuous improvements. If they are not standardized, the risk
is greater for improving the wrong process in a wrong way. Holweg et al. (2018)
further argues that continuous improvements should made until breakthrough im-
provements are needed, see section 2.9. The high variety and high specialization
nature of surgeries makes it hard to standardize processes.

The aim of the report was to increase capacity in any way possible, and optimally
in such way that an additional surgery can take place during the same day and
theatre. Hence, the main recommendation for continuous improvement is to have
specific surgery types during certain days of the week or certain days during the
month to enable standardization. As with the example of colorectal surgeries that
take place only on Fridays, it is optimal to try and achieve the same standardiza-
tion for other type of surgeries. For example, JAH00, JAHO1 and JKA21 are most
frequently done during Tuesdays and Thursdays. The suggestion would then be to
have all JKA21 surgeries on Thursdays. This would increase the predictability of
surgeries and ultimately allow for an additional surgery to take place in the same
day and theatre. Apart from eliminating wastes and parallelizing processes, this
would add value through making JKA21-surgeries more efficient.

To allow other organizational improvements in planning and visualization, it is sug-
gested that the registering of disturbances is made easier, since not all disturbances
are registered due to difficult software interface. Also related to software, using sta-
tistical methodologies and big data methodologies on extractable data from Orbit
and other patient-databases could increase predictability of patient health condi-
tions prior to day of surgeries. Additionally, visual management is an effective
methodology used for continuous improvements. It is therefore suggested that av-
erage changeover and preparation times are visualized for the top 20 most frequent
surgery types, alternatively start slow with only three surgery types.
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5.4 Summary of Recommendations

The recommendation is threefold. First, an implementation of an anaesthesia induc-
tion room is recommended, along with a mobile surgery bed. Second, reduction of
variation and wastes caused by it is recommended, especially easy wins through paid
breaks, instrument preparation process and waiting times. Third, standardization
of surgery types during specific days of the week or month, which will allow special-
ization and means for continuous improvements. With these recommendations, it is
possible an extra surgery could be done same day.
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Discussion

In this chapter, a discussion is presented regarding the execution of this study, where
the use of methodology, recommendations and quality criteria will be in focus. The
methodology is discussed with respect to how literature have been used in order to
provide the hospital with useful suggestion on increasing the capacity, but also the
advantages and disadvantages with using the method when collecting data. Further,
a discussion of recommendations is made. Finally, the quality criteria on validity
and transferability is discussed to give readers an overview of how reliable and useful
this report could be for further studies in healthcare.

6.1 Method Discussion

The method has been based on three different starting points for data collection, us-
ing the literature study as a basis. The literature study provided an understanding
of Process theory and Work sampling and has been the basis for producing recom-
mendation to increase the capacity at Operation 1. During the work on compiling
the analysis, it was discovered that the foundation was somewhat thin for some of
the recommendations, which was then supplemented. If the theory had been com-
plete earlier during the study, the performance of the observations could have been
deeper, and an understanding of the outcome might have been better. The strength
of the approach, however, is that the staff have not been guided to work in a certain
way. The observations have been made in a thorough approach and focus has not
been on any particular resource or something that has been considered more impor-
tant than anything else. Instead, the results from the observations have been linked
to useful literature available on similar studies.

6.1.1 Work sampling

The work sampling has provided support in the study by creating insight into the
department’s way of working. Through an identification of activities that occupy
most time, an evaluation and reflection on actual data has been possible. The ob-
servations have laid the foundation for further investigation on interesting aspects
and helped to create an understanding of how different activities are connected and
affected to each other.
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Work sampling was a good method for collecting information and data on current
state. During the collection there was also the opportunity to ask questions to the
staff as far as gaining knowledge of the processes. In an early stage of the work
sampling, it could be understood from the personnel’s’ mind that we would chase
the staff for increased performance and increase the pace in the workplace. This
reinforced the importance of having ethical considerations such as harm to patient,
lack of informed consent and privacy. This was clarified by continuously explaining
the purpose of the study and what it should propose in the future. In addition, the
staff were encouraged to ask questions to avoid misunderstandings and disturbances
at the workplace. An email with information regarding our study was also sent out
to all staff members before the start, with in-depth descriptions of the purpose of the
study. Each staff member was randomly chosen during the observations based on
their role and not their personal performance. The main purpose was not to increase
the capacity at an individual level but at an organizational level, which meant that
no names of the staff were needed in mind. Before the study began, a confidentiality
agreement was also written to prevent patient information from being disseminated.

6.1.2 Historical data

Collecting historical data has helped to deepen the image created during the work
sampling and observations. It created an understanding of how much time is spent
on the preparation time and the surgery time. Getting all the data from their in-
ternal systems with the help of an experienced nurse made it easier to ask questions
and to get an overall picture. The disadvantages of retrieving the historical data
after the work sampling were that it seemed to be possible to adjust certain aspects
during the observations to get more data, but the positive was that the historical
data supplemented the problems identified from work sampling.

What can be said to be negative in the choice of method is that the broad data
collection has created more width than in depth. In a first stage, the work sampling
was considered a correct method for looking at how resources are used and then
analyzing the problems identified. Based on the fact that the time for implementa-
tion of this project is 5 months, a collection of historical data in a first stage would
probably have generated more depth than width. The historical data provided a
summary of how much time and resources have been spent during the past year,
and which surgery types have the highest impact on the resources. By first analyzing
the historical data and the specific surgery types, a work sampling could then have
been carried out. This would have resulted in observations only been carried out
on the most common surgeries. Furthermore, the results from the work sampling
showed that the preparation phase constitutes a large part of the daily work. This
could have been reduced with the help of the historical data, as the results from the
work sampling includes Fridays which is a day for solely fast-track surgeries. During
a fast-track day, more surgeries are performed than other days, which automatically
generates more time for preparation. In addition, the export of historical data was
limited to 3 months in order to link it to the work sampling. However, the width
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of this work could also be considered as a strength, especially since the in-depth
understanding of the resources in the department was very small.

6.2 Discussion of recommendations

In our recommendations for a reduction of non-surgical time, we have used literature
and previous studies in the same field. The literature described how great a possible
effect of reduction could be, and the expected result of improvements in this re-
port is based on authors perception and estimates. However, the estimates were in
line with the improvement opportunities considered to occur from the collected data.

One thing that may have given the recommendations a chance to be completed in
the hospital is the great impact it seems to have on the most frequent surgeries.
By base the recommendations on the most frequent surgery types, it highlights an
opportunity to easily implement it to several surgeries in the department. There is
also a good chance for the recommendations to be fully possible to completed and
have the impact presented in the report, based on the staffs’ openness to change.
During the observations, there appeared to be a desire to achieve more direct patient
work among the staff. This has contributed to a continuous collaboration with the
staff during the observation period. Majority of the staff members have provided
the study with ideas and solutions that simplifies a implementation of the recom-
mendations.

However, something that can be considered a disadvantage is the collection of data
on the most frequent surgeries. There was no optimal function in Orbit that facil-
itated a complete export of data, which required a manual export. This may have
led to the study covers incorrect entry of data. In addition, the calculations in the
analysis have not taken the execution of planning for surgeries and the staff’s paid
break into account. It would have been good to study these aspects more to under-
stand how and why the planning works as it does, and to see what effect it has on
a future application of the recommendations.

6.3 Validity

The collected data from work sampling is statistically reliable based on the theory
described in section 2.5. However, since the study was conducted over a relatively
short period of time, due to time constraints on thesis work, the outcome is only
representative of the prevailing circumstances during the selected time period. In
order to achieve a more reliable study, the study should be carried out over a longer
period of time with greater amount of observations. It would probably have re-
sulted in less systematic errors when the observers became more used to handling
the equipment and the activity list.
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The activity list represents the activities performed in the workplace and is devel-
oped and approved by the staff at the unit. Since the activity list was standardized,
it was easier to link and compare the result from work sampling with other studies
performed in hospitals. The disadvantage of getting a finished list has been in the
observer’s lack of medical competence. Since the list has been specific in what steps
are performed, it has sometimes been difficult to discern which activity is correct.
In some cases, during surgery, it has been difficult to distinguish an activity when
certain activities were relatively similar. If the observers grouped the activities into
groups that were more clearly linked to what was actually done, the number of sys-
tematic errors could have been reduced.

Another problem concerning the execution of work sampling is the switch between
nurses during the observations. On occasions when a nurse in the surgery theatre
took a break and switched with another nurse, it could take a while before the
observers knew what was happening. Most often, the observers understood that a
switch of nurses had been made after asking for the nurse. This resulted in a dis-
turbance when entering data and certain activities that have been performed have
not been well represented.

For this work, the pre-study is considered to be too short in order to create a cor-
rect theoretical framework. A pre-study would have gained more concretization on
which theories are considered to give most impact for increasing the capacity. The
current theoretical framework is considered to be far too broad to give concrete so-
lutions. This has actually led to the hospital having received recommendations for
improvements but no concrete steps for an implementation.

It has been an advantage to take active notes during the observations, as it has given
a higher reliability to observations and the informal conversations that have taken
place. The work sampling resulted in a relative error of 20% for the smallest activity,
which is acceptable for highlighting problem areas and providing the hospital with
recommendations.

6.4 Transferability

The work in healthcare can differ both at a national and international level. This
means that the requirements and resources that have proved to be sufficient or lack-
ing in Operation 1, may not necessarily be perceived as general problems in health-
care. However, problem areas identified in the study are represented in other liter-
ature and studies carried out. It shows that the problems are not only department-
specific, and they are important aspects to keep in mind when you want to increase
the capacity of existing resources. However, similar studies need to be done on more
healthcare departments to ensure that the result is generally for healthcare.

The activity list for work sampling was developed by the MOA-group, which is a
group that works to modernize the work at Sahlgrenska by reducing the queuing
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time for patients and increasing the capacity of existing resources. The list has been
validated by all members of the group. This means that the activity list can be used
by other departments within the organization for carrying out similar studies and
allowing other departments to absorb the recommendations. The result from work
sampling can also be used to compare results between different departments or other
hospitals within the VGR, with some adjustment of department-specific activities.

However, the historical data is directly linked to Operation 1, but during the gath-
ering of data it was also possible to export data from other surgical departments at
Sahlgrenska. Based on the analysis of the historical data, the unit managers can
compare the historical data of different departments in a similar manner to link to
this study.
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Conclusion

This chapter concludes this report. The aim of the study was to increase capacity
at a surgery unit using the same resources. Three large areas was identified that af-
fected capacity at a surgery unit. These were the processes affecting the non-surgery
time, the variation in processes, and the planning and scheduling.

Through parallelization, it is possible to reduce the non-surgery time by as much as
55 minutes for one of the surgery types studied. This is done through setting up an
anaesthesia induction room adjacent to the surgical theatres. Additionally, a mo-
bile surgery bed is required to be able to move the anesthetized patient. Although
simply implementing these features does not allow for an additional surgery to take
place during the same day in the same theatre, the potential time saved is significant.

From the work sampling, activities performed during a regular work day could be
analyzed. With the help of the current state and the work sampling, it was possible
to find easy wins in terms of waste, which require no significant investment. The
potential time that could be saved was 68 minutes per day.

By standardizing the specific surgery procedures and allocating them to certain days
of the week, a basis for continuous improvement can be achieved. This enables spe-
cialization in the most frequent surgeries, which will have the highest impact on
capacity, if continuously improved.

It is concluded that, yes, it is possible to increase the capacity with the same resource.

If optimally successful, the possibility for performing an additional surgery in the
same day and theatre can be achieved.

95



7. Conclusion

56



[1]

[9]

[10]

Bibliography

Almstrom, P. (2012). Arbetsmdtning: Tidsstudie. In compendium: Integrerad
Produktionsorganisation TEK385.

Bryman, A., and Bell, E. (2018). Business research methods. Oxford University
Press.

Cardoen, B., Demeulemeester, E. and Belién, J. (2010). Operating room
planning and scheduling: A literature review. European Journal of Operational
Research, 201(3), pp.921-932.

Dexter, F., and Macario, A. (1999). Decrease in case duration required to
complete an additional case during regqularly scheduled hours in an operating

room suite: a computer simulation study. Anesthesia & Analgesia, 88(1),
pp.72-76.

Freivalds, A. (2009). Niebel “s methods, standards and work design. Mcgraw-Hill
higher education Boston, Mass, Vol.700.

Guerriero, F., and Guido, R. (2011). Operational research in the management
of the operating theatre: a survey. Health care management science, 14(1), pp.
89-114.

Harders, M., Malangoni, M. A.; Weight, S., and Sidhu, T. (2006). Improving
operating room efficiency through process redesign. Surgery, 140(4), pp. 509-516.

Henry, J. R. (2017). Achieving lean changeover: putting SMED to work.
Productivity Press.

Holweg, M., Davies, J., De Meyer, A., Lawson, B., and Schmenner, R.
W. (2018). Process theory: the priciples of operations management. Oxford
University Press, 24(10), pp.994-1011.

Liker, J. (2006) The Toyota Way: A Pracial Guide for Implementing Toyota “s
4Ps. Mcgraw-Hill Education.

57



Bibliography

[11]

[12]

[13]

[14]

[15]

[23]

58

Lovejoy, W. S., and Li, Y. (2002). Hospital operating room capacity expansion.
Management Science, 48(11), pp.1369-1387.

May, J. H., Spangler, W. E., Strum, D. P., and Vargas, L. G. (2011).
The surgical scheduling problem: Current research and future opportunities.
Production and Operations Management, 20(3), pp.392-405.

Meredith, J. O., Grove, A. L., Walley, P., Young, F., and Macintyre, M.
B. (2011). Are we operating effectively? A lean analysis of operating theatre
changeovers. Operations Management Research, 4(3-4).

Modig, N., and Ahlstrém, P. (2011). Vad dr lean?: en guide till kundfokus och
flodeseffektivitet. SSE Institute for Research.

Peltokorpi, V., and Jintae, F. (2009). Organizational expatriates and self-
initiated expatriates: who adjusts better to work and life in Japan?. The
International Journal of Human Resource Management, 20(5), pp.1096-1112.

Petersson, P., and Ahlsén, S. (2009). Lean: gor avvikelser till framgdng. Part
Development.

Riege, M. A. (2003). Validity and reliability tests in case study research:
a literature review with "hands-on" applications for each research phase.
Qualitative market research: An international journal, 6(2), pp.75-86.

Sandberg, W. S., Daily, B., Egan, M., Stahl, J. E., Goldman, J. M., Wiklund,
R. A., and Rattner, D. (2005). Deliberate perioperative systems design improves

operating room throughput. Anesthesiology: The Journal of the American
Society of Anesthesiologists, 103(2), pp.406-418.

Smith, M. P., Sandberg, W. S., Foss, J., Massoli, K., Kanda, M., Barsoum,
W., and Schubert, A. (2008). High-throughput operating room system for joint
arthroplasties durably outperforms routine processes. Anesthesiology: The
Journal of the American Society of Anesthesiologists, 109(1), pp.25-32.

Sveriges Kommuner och Landsting. (2019). Véntetider: Planerad specialiserad
vdrd - Operation/Atgdird.

Sveriges Television. (2017). Personalbrist orsakar till farre operationer.
Wong, J., Khu, K. J., Kaderali, Z., and Bernstein, M. (2010). Delays in the
operating room: signs of an imperfect system. Canadian Journal of Surgery,

53(3), p.189.

Zandin, K. B., and Maynard, H. B. (2001). Maynard s industrial engineering
handbook.



Appendix

A.1 List of activities for surgery unit 1

List of Activities for Surgery Unit 1

PPPO patient work

Clean work

Preparing operating room

Manage non-specific patient information

Retrieve the planned patient

Supervise students

Transporting the patient outside the Unit

Teaching a new employee

Execute external assignments

Managing other staff issues

Conversation with patient

Manage and develop the business

Report

Break

Communicate about a patient

Handle faults on equipment and premises

Document and read information about the patient

Manage IT interference

Prepare pharmaceuticals

Searching

Perform other pharmaceutical work

Wait for surgeon

Perform other patient assistance

Wait for anesthetist

Pick up and drop materials, samples and equipment for specific patient

Wait for information

Inventory and order material for storage

Handle other interference and waiting

Pick up and refill material

Objects missing

Handle other materials

Lunch or other breaks that are not paid

Figure A.1: List of activities used in work sampling
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A.2 The ten process principles and subprinciples
Foundation
Principle #1: All operations are composed of processes.

Principle #2: Variation is inherent in all process inputs, tasks, and outputs.
(a) Variation can occur in quality, quantity, and timing,.

(b) Variation in a process can be buffered by a combination of any of the following
three means: time, inventory, and capacity.

Design

Principle #3: Work-in-process is determined by throughput rate and throughput
time.

(a) The throughput time of a process is stochastic, not deterministic.
(b) Bottlenecks govern the throughput of a system.
Principle #4: Complexity in process design amplifies managerial challenges.

(a) Complexity is a function of the number of static elements (structure) in a pro-
cess, their heterogeneity, and their dynamic interactions.

(b) A comparable, yes simpler solution will always outperform a more complex one
in the long term.

Principle #5: Process choice requires fit between the task and the external require-
ments.

(a) The higher the volume/lower the variety of the process, the more dedicated the
assets it uses will be.

Measure
Principle #6: No single measure can capture the performance of a process.
(a) Performance metrics are not necessarily independent of each other.

(b) Absolute measures are preferred to relative ones because of their greater ex-
planatory power.

Principle #7: Process metrics can drive unintended behavior.

IT



A. Appendix

(a) You cannot manage what you do not measure.
(b) What you get is what you measure.
Improve

Principle #8: Processes are improved by reductions in throughput time or in unde-
sired variation.

(a) Unmanaged processes will deteriorate over time.

(b) The total cost associated with an operational problem is inversely proportional
to the speed of rectifying its root cause.

Principle #9: The rate of process improvement is subject to diminishing returns.
(a) There exists a trade-off between any two aspects of process performance.

(b) Trade-off can never be broken, but they can be shifted by altering process prac-
tice.

Principle #10: Processes do not operate in isolation.
(a) A set of suboptimal solutions can never produce a global optimum.

(b) Structure drives behavior.

ITT
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A.3 Time schedule for performing work sampling

Week 4 Week 5 Week 6 Week 7 Week 8

M|Tu|W|Th| F|M |[Tu|W |Th| F|M|Tu| W |Th| F| M |Tu| W |Th| F|M |[Tu | W |Th
07.15
12.15
17.15

Figure A.2: Time for performing work sampling

IV
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