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Management Summary

Since 2005 the radiotherapy department of the Catharina Hospital in Eindhoven registers the
waiting times according to the NVRO norms. The NVRO is a Dutch society of oncology and
radiotherapy. The waiting time according to the NVRO is the time between referral and the
first radiation treatment. The norms are stated below.

Patient type 80% 100%
Priority 1 ~ 1 day ~ 1 day
Priority 2 ~ 7 days ~ 10 days
Priority 3 ~ 21 days ~ 28 days

The percentages indicate which percentage must be treated within a certain number of days.
Priority 1 (PRl) patients require acute care, priority 2 (PR2) patients require sub-acute care
and other patients are classified as a priority 3 (PR3) patient.
An analysis is done with data from 2005 until 2007. It became clear that the department could
not fulfill the norm in all months.
The research question was: How can the plarming and scheduling strategy of the radiotherapy
department be improved to obtain better performance in waiting times?
First an analysis was made on the process of radiotherapy, followed by analysis on demand
and capacities, which resulted in a redesign.

Patients are referred, and depending on their priority and type of cancer, an intake meeting is
planned with a radiotherapist. The number of referrals per day is significantly different for
different types of patients (protocol group). There are two types of intake slots, intake slots for
patients with (sub) acute care, and intake slots for the rest of the patients.
The utilization rate of the intake slots is very high, near the 100%. It was also shown that the
availability of radiotherapist was low in periods of holidays. In general the largest part of the
waiting time is the time from referral until the intake meeting. The analysis also showed that
the waiting time until intake was higher for patients referred on a Thursday than for any other
referral day. A discrepancy was found between the demand and the distribution of intake slots.
After the intake, a CT scan or simulator is needed. These activities are needed as a preparation
of the radiation treatment on a linear accelerator (linac). The CT scan and simulator showed a
very small utilization rate. It could be concluded that these activities are not the bottleneck and
were not modelled in further research.
In contrast to the CT scan and simulator, the linacs do have a very high utilization rate. The
linacs can be flexible in their opening hours, so the utilization rate varies between 75% and
85%, which is relatively high compared to the CT scan and simulator. Therefore the
treatments on the linac were further investigated.
The performance of the 80% norm for PR2 patients is very high compared to PR3 patients.
Around 20% of the PR2 patients had to wait a few days before receiving their first radiation
treatment. These patients also had a waiting time longer than 7 days. From interviews became
clear that PR2 patients sometimes give some inconvenience for the radiographic technicians
since they are fitted in between two regular appointments (often PR3 patients). For the
redesign phase this was also taken into account.
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From analysis, two questions are formulated for redesign:

o How can a different distribution of intake slots per day of the week make a difference in
the waiting time peiformance?

• This distribution can be between the number of intakes per day for PR IPR2 and
PR3 intake slots.

o Does reserving capacity for PRJ PR2 patients make a difference in the waiting time
peifonnance ofpatients?

• From analysis became clear that enough capacity is usually available to serve
patients on the linac, but some inconvenience can occur for radiographic
technicians when a patient is fitted in between other patients. By reserving capacity
this inconvenience can be prevented and will also make planning easier for the
administration.

Two simulation models are made in Enterprise Dynamics (simulation tool) to find whether
different allocation methods for the intake meetings and linac treatments make a difference in
the waiting time.

Simulation intake meetings
For the simulation model, data was required to use as input variables. Demand and availability
of radiotherapists during a year is used in the simulation. The simulations are run 20 times,
which can be seen as 20 years. With 20 simulations a more reliable conclusion can be made.
Six different allocation methods were simulated, these were as follows:
o Allocation method 1: Current situation: the current distribution of intake slots was used.
o Allocation method 2: Monday ~ Thursday PR3: On Monday most intake meetings are

planned, exchanging this planning with the Thursday would reflect the demand better.
o Allocation method 3: Expected demand: This method reflects the expected demand, this

means more intake slots are reserved for PR 1 and PR2 patients compared to the current
situation.

o Allocation method 4: The same distribution of allocation method 3, but reserving the
same number of intake slots for PR1PR2 as the current situation.

o Allocation method 5: The same allocation method as ill 4, but with more capacity
availability of radiotherapists in certain weeks.

o Allocation method 6: The same allocation method as in 4, but with more capacity
reserved for PR IPR2 patients in periods where availability of radiotherapists was low.

The most improvement is found when using the allocation method that reflects the demand
using the current distribution of PR 1PR2 and PR3 intake slots. Comparing allocation method 1
with allocation method 4, for all patient groups a positive significant difference was found.
Reserving the same number of PR 1PR2 intake slots as demand suggests, a negative significant
difference for PR3 patients was found. It became clear during simulation that waiting time
mostly occurs in periods where radiotherapists are absent. Therefore simulation 6 showed the
best results for PR1PR2 patients as well as for PR3 patients (a positive significant difference
with the current situation) according to the NVRO norm.
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Simulation Iinac meetings
The input variables of this model are results of the intake simulation model and the availability
of the linacs. Results of allocation method 3 and allocation method 4 of the intake meetings
are used for the tinac simulation model.
From the intake model it was known when which patient had its intake meeting. Taking into
account a certain delay per patient group for the simulator/CT scan, this data was used as input
of the linac simulation model. Three different allocation methods were used for the simulation
of the linac treatment:
o reserving no time for PR1PR2 patients
o reserving 4% of the available time for PR1PR2 patients
o reserving 7% of the available time for PRIPR2 patients

In each of the simulations reserving capacity results in a decrease of the waiting time for
PR IPR2 patients. The waiting time of PR3 patients increases only a little.
The results of allocation method 4 (less capacity reserved for PR1PR2 patients) show that the
waiting time for PR1PR2 patients for the linac are higher than the waiting time in simulation
3. This can imply that when the PRl PR2 patients have their intake earlier (since more capacity
is reserved) in critical periods when many radiotherapists are absent, their waiting time for the
linac becomes even less.
The last colunm shows the percentage that a PRlPR2 patient is treated in the reserved part.
When reserving 4% for PR1PR2 patients, on average 54% of all their radiations are done in
the reserved capacity for PRlPR2 patients. When reserving 7% on average 78% of all their
treatments are done in the reserved capacity.
When increasing the opening hours of the linacs after a period with high absence of
radiotherapists, the waiting time becomes zero for all patients.

Patients refelTed in a period with high absence of radiotherapists, showed waiting time before
its intake but not before the linac, whereas patients referred after a period with high absence
showed no waiting time before the intake but waiting time before the linac. This implies that
extra hours of the tinac are needed after a period of high absence of the radiotherapists.

Taking into account both waiting times of the intake and the linac, the conclusion could be
made that the NVRO norms should be able to be achieved by the department.

From these simulation studies it could be concluded that when planning the intake meetings
according to demand, a significant improvement will occur. Also the recommendation is made
that reserving extra capacity in critical periods for PRIPR2 patient, the waiting time becomes
even less for these patients.
Reserving capacity on the linac will show an improvement of the waiting time of PR IPR2
patients but will also be of more work convenience for the radiographic technicians.
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1. Introduction

A very hot topic in the past years is waiting time in healthcare organisations. The doctors,
specialists, operation rooms etc. should be fully occupied, so that idle-time of these servers is
prevented (keeping the costs as low as possible). To prevent idle- time, buffers are created in
the form of queues, and patients have to wait for their consultation, operation etc.
According to Hall (2006) waiting times can be classified in two categories: appointment and
real time delay. Appointment delay can be defined as the number of days between the
requested and scheduled appointment dates. Real time delays are caused by unpunctuality of
patients (difference in appointment time and arrival time), service inefficiency and actual
consultation times (Hall 2006 and Cayirli and Emre 2003). The focus of this master thesis is
on appointment delays in the radiotherapy department at the Catharina Hospital Eindhoven.
On the 24th of November, 2000, the NVRO (Nederlandse Vereniging voor Radiotherapie en
Oncologie) a Dutch society for oncology and radiotherapy, decided to give norms on the
waiting times for different types of patients. According to NVRO the waiting time is the time
between referral and the start of the radiation treatment. The NVRO defined three types of
patients; patients that require acute care (priority 1), sub-acute care (priority 2) and remaining
patients (priority 3). Norms are assigned to these patients telling which percentage of patients
should be treated within a certain number of days.
The radiotherapy department has registered the waiting times of the three types of patients and
concluded that not all norms are met.
This master thesis has focused on the processes of radiotherapy and through analysis and the
design phase recommendations can be made to the department.
The first chapter will describe the company description followed by the problem definition in
chapter 3. This chapter delineates the project and formulates research questions for further
research.
In chapter 4, an analysis is made of the planning policies, capacities and demand of the
radiotherapy department. This chapter concludes with the findings in paragraph 4.5.
After the analysis phase, a redesign is made based on the findings of chapter 4.
A theoretical and simulation model will be presented in chapter 5. The results of the
simulation are presented in Chapter 6 followed by the conclusions and recommendations in
chapter 7.
The report concludes whether the recommendations made are feasible for implementation.
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2. Company description

The project of this master thesis is executed in a hospital, Catharina Ziekenhuis Eindhoven
(CZE), on the department of radiotherapy. The CZE is a leading teaching hospital with about
30 specialisms and 500,000 patient contacts per year. As well as basic and advanced clinical
care, the hospital also provides training for almost all care professions.

2.1 Radiotherapy department

In 1935 the first patients in CZE were treated with radiotherapy. In 1973 the depaltment
radiotherapy was officially opened. Radiotherapy is a therapy that works with radiation for the
treatment of cancer. In some situations it is also used for the treatment of a benign tumour.
Radiation therapy works by damaging the DNA of the 'sick' cells. Also some harm can be
done to the healthy cells, but these are able to recover.
At the radiotherapy department in CZE there are three types of radiotherapy. The most
corrunon therapy is teletherapy, which uses a Linear Accelerator (Linac) to treat patients from
a distance. Two other types of therapy are Brachy and IORT ('Intra Operatieve
Radiotherapie'). Brachy is a short distance therapy where a radioactive source is placed inside
or next to the area requiring treatment. IORT uses radiation during an operation.
The radiotherapy processes are executed by radiotherapists, radiotherapy technicians,
physicians and administration. The organisational structure can be found in appendix A.

2.2 Patient process description
In figure 2.1 the process of radiotherapy is shown. The dotted lines show that this part of the
process is not always necessary. This is a general process description, which is needed to
further explain the problem definition. In chapter 4, a detailed description of the process will
be given.

• I

Referral patient to
Simulator Radiation

I
the radiotherapy -. intake -.

& CT scan f---- Treatment -deparnnent
I

I t ~ i• ,,,
I
I
I,

Mould room
_____________1

PUT

Control

Figure 2.1: Patient process of radiotherapy

Patients are referred by an oncologist, another specialist or the GP. The first activity of the
patient is an intake meeting with a radiotherapist. After the intake a patient goes to the CT
scan or simulator, which takes digital X-ray pictures to determine the radiation area. In some
cases a mould is made for some parts of the body to keep that part of the body as fixed during
treatment. The radiation treatment takes about 1 to 2 minutes, where the patient lies alone in
the treatment room.
During the radiation treatments it is possible to have a meeting with the radiotherapist where
the patient can ask questions (PUT, Patient under Treatment).
After the treatment the patient will still be under control to check the effect of the radiation
treatment.

2
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3. Problem definition

This chapter describes the process of formulating the research questions for this master thesis.
First the motives and initial assignment will be discussed. Then a delineation of the project is
made. In the third paragraph the research questions are formulated.

3.1 Motivation of assignment

Since 2005 the radiotherapy department registers the waiting times according to the NVRO
norms. The waiting time according to the NVRO is the time between referral and the first
radiation treatment (see figure 2.1).
Patients can be classified based on an estimate of their caring needs during a specific period
(Fagerstrom et a1. 2000) but also for determining the sequence of patient treatment (Hendry
and Walker 2004). The NVRO has classified patients on the urgency of their problem, which
indicates the sequence of treatments. There are three types of patients, priority 1, priority 2 and
priority 3.
A spinal cord compression is always a priority 1 indication and needs acute care. Palliative
treatments (e.g. bone metastasis) are classified as priority 2 patients and require sub-acute
care. All other patients are classified as a priority 3.
The NVRO norms per priority type can be found in table 3.1.
The percentages indicate which percentage of the patients should be treated within a certain
number of days. This means that 80% of priority 2 patients should be treated within 7 days and
100% of priority 2 patients should be treated within 10 days.

Patient type 80% 100%
Priority 1 ::; 1 day ::; 1 day
Priority 2 ::; 7 days ::; 10 days
Priority 3 ::; 21 days ::; 28 days

Table 3.1: NomLS according to NVRO

An analysis is done with data from 2005 until 2007. Not all patients are taken into account;
patients that have delay because of a medical reason or because patients are dependent of
another department (e.g. patients with prostate cancer), are not shown in this analysis.
Data was collected per month and per priority. The graphs can be found in appendix B. The
grey columns show which percentage of patients are treated within the 100% norm (I, 10 or
28 days depending on priority) and the yellow ones show which percentage of patients are
treated within the 80% norm (1,7 and 21 days). The blue lines show the amount of patients in
that specific month. It is clear that the department could not fulfill the norm in every month.
After the analysis of the radiotherapy department, the initial assignment was as follows:
o Compare the waiting time registration between several radiotherapy departments
o Improve the waiting time registration
o Create new norms, where all protocols fall within the norms

3
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3.2 Delineation of the project

After discussion and some analysis it became clear that a thorough comparison between some
radiotherapy departments was not feasible due to different work procedures per radiotherapy
department (using protocols is not common in most radiotherapy department) and due to time
constraints. The assignment focuses on the radiotherapy department of the Catharina hospital.
Within the department, there are three types of radiation treatments; teletherapy, brachy and
IORT (Intra Operatieve Radiotherapie) (see 2.2). Only the process of the teletherapy patients
will be analysed.
In appendix A, the organizational structure is found showing the employees who are involved
in the radiation process. Employees of physics are responsible for the preservation of the
linacs and will not be taken into account in this project. Radiographic technicians are part of
the patient process, but will also not be taken into account. Through interviews it became clear
that they are very flexible and can be easily planned when needed.

3.3 Research Questions
A framework for hospital production control is developed by Vissers et al. (2001), consisting
of 5 levels. This framework is an elaboration from the framework developed by Anthony in
1965. He distinguished three levels in planning, namely strategic planning, management
control and operational control (de Vries 1993).

Framework level Time horizon

Strategic Planning 2-5 years

Patient Volumes Planning & Control 1-2 years

Type of decision

What are the future plans
of the organization?

What are the activities of
the next year?

Resources Planning & Control
(Aggregate Control)

Patient Group Planning & Control

3 months- 1 year

weeks - 3 months

How are
allocated?

How are
scheduled?

resources

capacities

Patient Planning &
(Operational Control)

Table 3.2: General framework

Control
days - weeks

Who is treated when and
by whom?

For this master thesis the last three levels (operational and aggregate control) will be
considered since planning of capacity and patients has a large influence on the waiting time.
The general research question becomes:

How can the planning and scheduling strategy of the radiotherapy department be improved to
obtain better performance in waiting times?

Before an answer can be given to this question, an analysis must be made. Taking into account
the three levels of the framework explained in table 3.2, three research assignments are
formulated. These questions will be discussed in chapter 4.

4
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Analysis Phase

o Investigate the planning policies at the radiotherapy department:
This is done to find out if the planning policy used is the most efficient way of planning.

How are patients plamled?
How are resources planned?

o Investigate the demand process at the radiotherapy department:
There are different types of patients that need different kinds of treatments, therefore the
demand should be analysed.

o Investigate how much capacity is available during a week:
It should be determined if this capacity is enough to serve the demand (patients).

From the analysis phase a cause and effect diagram (appendix C) is made which is the starting
point for redesign. The design questions are formulated below and will be further elaborated in
chapter 5

Design phase

o How can a different distribution of intake slots per day of the week make a difference in
the waiting time performance?

o Does reserving capacity for PRJ PR2 patients make a difference in the waiting time
performance ofpatients?

o Are other norms needed?
After the analysis and design phase, it should become clear whether the norms are
achievable; which is interesting for the department to know.

5
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4. Analysis

In this chapter, the research assignments fonnulated in paragraph 3.3 will be answered. To
understand the process, the first paragraph focuses on the process of radiotherapy. Next, an
analysis of the demand will be given. In paragraph 4.3 different types of capacities which are
needed in the radiotherapy process are described. This is subdivided between the machines
and the radiotherapists. Paragraph 4.4 will focus on the planning and an analysis is made of
the waiting time per patient type. The last paragraph will give starting points for the redesign.

4.1 Process description
The process of the radiotherapy department consists of three stages; planning & intake,
preparation and radiation treatment. These three stages will be discussed below.

Planning and Intake
The scheme of the process of planning and intake can be found in figure 4.1.

PLANNING & INTAKE

Planning
firstRT

and
other necessary

activities

Intake
&

Protocol
detennined

Depending on
priority, RT

planned

lruake and first
activity planned

&
Request intonnation

pa1ient

\~lIlreatlllent /
sess,ons /
planned/

/
,-------,Adlllinistra'ion-----_...-Radiolherapist__....---Adminislration •

Figure 4.1: Process description o/planning and intake

When a patient is being referred, this is either per telephone or by an oncology meeting. If the
referral is by phone, the administration puts the referral doctor through to a radiotherapist that
is available at that moment. The referral doctor explains the situation, so the radiotherapist can
detennine the priority of the patient and also in most cases the necessary preparation for the
patient. The radiotherapist communicates this back through a registration fonn to the
administration. In an oncology meeting, the referral doctors and radiotherapists specialised in
a certain area (e.g. breast cancer) are both present and the patients' treatment is discussed. The
registration form is handed to the administration the next morning (oncology meetings are
usually in the afternoon).
The administration always plans the intake and in most cases the necessary preparations, quite
often already specified in the protocol. When the urgency of the patient is high, the radiation
treatments are also planned. From the moment the patient is referred, the patients' information
is requested by the administration (name, address, letters, scans, etc.), as they are needed on
the moment of intake.
During the intake the radiotherapists explains the procedures to the patient and also the exact
treatment plan. Each patient is assigned to a protocol which covers the indications, preparation
activities, total dose needed, dose per fraction and the overall time of the treatment.
The radiotherapists communicates this protocol to the administration so all remaining
activities can be planned. If the preparation activities were not planned yet, this is done after
the intake. Also the first radiation treatment is planned 'by hand'; the other radiation
treatments are planned by the planning system. Further elaboration about planning is found in
paragraph 4.4

6
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PREPARATION

Patient
arrives

\ Mould / ,
Mould ~ ready CT

\j
Mouldroo

L_~r:I
-J~

r _RadKllherapisl

\'\fargel VOIUlng/
Con'ouring 'he \d I '<JL-. Radiation plan is
larget volume V made and checked

s---_,_---Radiotherapis,t--'---_radiotherapy technicians-

Approval
of plan

Patient discussion
and definitive

approval RT plan

\

Plan
approved

/

Plan to linac

radtotherapy technicianS',_---Radiotherapist---~" ...---AII radiotherapists>-----1..~.._radlotherapy technH:ian~

Figure 4.2: Process description ofpreparation

During the preparation phase, all necessary actions are undertaken to facilitate the radiation
treatment. In some cases a mould is needed. A mould keeps that part of the body fixed dUling
the radiation treatment. The mould is often used for treatments to the head and neck area. Any
necessary marks can be made on the mould instead of on the skin.
The siIpulator and CT scan are X-ray appliances, which take measurements and digital X-ray
pictures that will be worked on and processed by computers to calculate all the technical
details for the radiation plan. With ink, lines are drawn on the skin so that when the radiation
treatment starts, the patient is in the same position as on the moment of simulator / CT scan.
After this, the radiation plan has to be made. A radiotherapist marks on the digital X-ray which
part needs to be treated. Next a radiographic technician uses the computer to determine the
radiation plan. This plan must first be approved by another technician and subsequently by the
radiotherapist. Finally the plan is discussed by all radiotherapists in a daily meeting.

Treatment

TREATMENT

Patient arrives

\ Pallentm /
\ walllllg /

V
Patient called to go

to dressroom &
prcpar1Hion for RT v

Radiotherapy technicians

Radiation
Treatment

PUT
(radiotherapis'
sees palient)

•• Radiotherapist •

Palitml leaves

Figure 4.3: Process description of treatment

When the patient arrives, the patient reports itself at the desk and then walks to the waiting
room of the linac. When the patient is called, he/she enters one of the dressing rooms. There
are three dressing rooms so while a patient is in treatment, the next patient can get ready.
The patient is positioned in the right place with the help of laser lines and lines drawn on the
skin. The radiation treatment takes about 1 to 2 minutes, while the patient lies alone in the
treatment room. After treatment, there is one time per week the possibility to see the
responsible radiotherapist.

7
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4.2 Demand

All data of all patients receiving radiation treatment available from 2005 until 2007 is used to
analyse the demand process of the radiotherapy department. For the analysis, patients
mentioned twice because their treatment had at least two protocols, but got their radiation for
both protocols at the same time, were deleted.
The radiotherapy department has three types of treatments; these are brachy, IORT and
teletherapy (see 2.2). Infigure 4.4 the distributions over the last 3 years is shown. About 90%
of the patients are treated with teletherapy.

2005

61 244

2% 8%

2006

68 234
2% 7%

2007

83 239
2% 7%

• (ORT

o Brachy

o Te£therapy

2880 2955 3050
90% 91% 91%

Figure 4.4: Distribution of fORT, Brachy and Teletherapy

Figure 4.5 depicts the distribution of the 3 priorities (explained in 3.1) over the teletherapy
patients. All brachy and IORT patients are of priority 3, but are not taken into account in this
figure.
The distribution over the three priorities is very stable, although in 2007 there was an increase
of ptiority 2 (PR2) patients and a decrease of priotity 3 (PR3) patients.

2005

97
3%

2006

92
3%

2007

92

3%

2044
71%

2093
71%

Figure 4.5: Distribution ofPriority 1, 2 and 3 patients
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4.2.1 Types ofpatients
Every patient is assigned to a certain protocol which describes the kind of treatment. There are
about 225 protocols, but there are 29 main groups (protocol groups) determined by the main
tumour groups. For each tumour type dedicated protocols are developed to cover every
possible indication for radiotherapy, mentioning parts that need to be treated, number of
radiation treatments, doses and activities needed as preparation. In 2007, 179 protocols were
used of which 59 (33%) were applicable for 80% of the patients. This means that 80% of the
patients fell in 33% of the protocols.
When analysing the data of 2005-2007, a clear distribution of the number of patients is visible
as there are 5 major groups.

Group Name Percentage of total patients in
2005-2007

AT General 40.54%
MA Breast (Mamma) 23.21%
BR Lung (Bronchus) 7.79%
PR Prostate 7.37%
RE Rectum 7.26%

Table 4.1: Distribution ofdifferent groups ofprotocols

The group AT, is not an organ discipline, but a general group, that is mainly used for palliative
treatment. This group doesn't specify the area that needs to be treated, only the doses and the
number of treatments are specified.
Number 6 and 7 comprise only 3.64% and 1.10% of all patients. Since these numbers are very
small and the 5 groups make up 86% of the patient population, the further analysis will be
restricted to these five groups and I group called 'Other' consisting of all other protocols.
Next step was to analyse the distribution of the protocols over the different priorities. This can
be found in table 4.2.

Priority 1

AT BR MA PR RE Other
2005 94.8% 2.1% 0.0% 0.0% 0.0% 3.1%

2006 95.7% 3.3% 0.0% 0.0% 0.0% 1.1%

2007 97.8% 1.1% 0.0% 0.0% 0.0% 1.1%

Priority 2

AT BR MA PR RE Other
2005 89.7% 1.6% 0.7% 0.3% 0.0% 7.7%

2006 86.1% 2.6% 0.6% 0.0% 0.3% 10.4%

2007 85.8% 2.5% 0.5% 0.3% 0.7% 10.2%

Priority 3

AT BR MA PR RE Other
2005 22.8% 9.6% 30.5% 9.4% 10.3% 17.4%

2006 18.7% 9.9% 34.9% II.2% 9.2% 16.1%

2007 16.1% 11.4% 34.8% 11.2% 11.6% 14.9%

Table 4.2: Distribution of d~fferentprotocol groups per priority
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4.2.2 Treatment process per protocol group
As can be seen in table 4.2, the distribution over the different groups are quite constant over
the years. The following assumption will be made for further analysis:
o Priority 1 patients receive 100% AT protocols.
o Priority 2 patients receive 100% AT protocols.
o Priority 3 patients will be in all the protocol groups specified in table 4.2 (AT, BR, MA,

PR, RE and Other).
Priority 1 is almost always of an AT-group and rarely of another group, therefore the
assumption is made that this type of patient is always an AT protocol. Priority 2 patients are
also found in the 'other' -group. The last two years this is about 10% of the priority 2 group;
this means 3% of the total patient population. Since this is a very small percentage and the
'other' group contains at least 30 protocols, the assumption is made that all fall within an AT
group. For priority 3 patients, the 'other' group will be taken into account for fUlther analysis
since this makes up about 10% of the total patient population.

To determine the process times and activities needed per protocol group, data of 2007 are used.
Per group, the average production times are calculated for (at least) 80% of the patients per
group. Since part of the data was not digital, not all patients are taken into account to calculate
the averages. It is assumed that 80% reflects the total patient population. In appendix D, the
calculations are shown, and in table 4.3, the results are given.
The average number of fractions is the number of treatments the patient receives. Also per
protocol group it is determined how many times per week the patient receives treatment. When
a patient gets its first radiation treatment, 5 extra minutes are needed to explain the procedures
to the patient. These 5 minutes are not included in the column 'LINAC in min (/l)'.

It can be seen that the general (AT) group doesn't make use of the CT, but of the simulator
(see also figure 4.2). When a CT is used, the patient can not be treated straight away because
time is needed to make the planning. The last column specifies the number of working days
that are needed between the CT-scan and the first radiation treatment (RT). For MA, PR and
RE protocols, these days were constant, for BR and Other these were variable so the maximum
number of days are taken to have an upper bound for the planning.

Protocol average # average # CT SIM LINAC
Working daysl

between CT/SIM
fractions per week in min in min in min and RT(j) (F) (W) (CTJl) (SIMJl) (Jl) (d)

PRJ-AT 4.40 3.55 0.00 25 10.00 0
PR2- AT 3.09 2.57 0.00 25 10.00 0
PR3- AT 8.16 3.42 0.00 25 10.00 0
PR3-BR 16.90 4.05 19.43 4.26 14.37 6
PR3-MA 29.19 5.00 16.82 6.02 10.42 5
PR3-PR 34.79 5.00 20.52 0 13.79 4
PR3-RE 10.95 5.00 21.49 0 13.51 4
PR3 - Other 21.20 4.56 10.59 21.18 10.34 6

Table 4.3: Average processing times specified per protocol group

I Weekends are excluded
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4.2.3 Weekly demand
In figure 4.6, the demand per week in 2007 is shown. Demand is analysed for all patients;
teletherapy, brachy and IORT since they also have their intake with the radiotherapist.

Demand 2007 per week
90,------ --_-...,

80 -j-------------------.--------:::--1

70 -t-1t---tt-ft--"""1'01.---------A-_-A;:-----1--\-__."t-"--jt---+1H

l!l
li 50
[
'0 40 -I:f--------..

30 +--------------------------'1

20 -j-------------------------j

10-j------

1 3 5 7 9 II 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

weeks

Figure 4.6: Weekly demand in 2007

I--demandl

In the figure above, no trend is found. 75% of the weeks have demand between the range of 50
to 70 patients but showing a lumpy demand pattern. The other weeks show some high and low
extremes.

4.2.4 Number of referrals per day
On weekdays, patients are referred by specialists or sometimes by GP to the radiotherapy
department. From analysis it can be concluded that on a Thursday the number of referrals is
almost twice as high compared to the other days. The distribution can be found inflgure 4.7, it
also includes brachy and IORT patients.

2007

17%

• Monday

D Tuesday

• Wednesday

DThursday

• Friday

FiRure 4.7: Distribution of referrals over days of the week, patients 2007

Per group defined in paragraph 4.2.2, the demand is analysed per day during 2007.
To test if there are significant differences between the amounts of referrals per day, an
independent-samples t test is executed. The independent t-test evaluates the difference between
the means of two independent groups (Green and Salkind, 1997). The calculation of the t test
is found in appendix E and F. The average number of referrals per day is also found in
appendix E.
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Table 4.4 shows the days with significant differences.

Group Significant relationship between number of referrals
perdav

Priority 2: AT Thursday & Monday Friday & Tuesday
Thursday & Tuesday Friday & Monday
Thursday & Wednesday

Priority 3: BR Monday & Wednesday
Priority 3: MA Thursday & Monday Tuesday & Friday

Thursday & Tuesday
Thursday & Wednesday
Thursday & Friday

Priority 3: PR Thursday & Monday Wednesday & Friday
Thursday & Tuesday
Thursday & Wednesday
Thursday & Friday

Table 4.4 Significant differences between numbers of referrals per day

Thursday is significant different from the other days, it has more referrals.
On Wednesday afternoon there is an oncology meeting of two different large hospitals, the
majority of the patients being MA patient. These patients are referred on Thursday. Also a
breast surgeon has his consulting hour on Thursday morning. These two causes explain partly
the larger amount of MA referrals on a Thursday. No other clear causes were found for the
significant differences in the other protocols although there is a suggestion that specialist
referring PR2 patients prefer to have them treated before the weekend.

4.2.5 New patients and old new patients
Within the radiotherapy department, a distinction is made between new patients (NP) and old
new patients (ONP). NP's are new to the department and ONP's are already familiar to the
department, but referred again. From interviews it has become clear that ONP are usually
patients that get palliative treatments, which means that the majority is priority 2.
Data from 2007 are used to see the distribution of NP's and ONP's between the priorities. The
results are found in table 4.5. The analysis is made from a combination of two documents, this
resulted in less data (1.7%) than used earlier. The distribution of the priorities in table 4.5 is
therefore little different from those infigure 4.5.
PR3 patients can also be an ONP patient. These patients have a new tumour, which is rated as
priority 3, but since the patient is already familiar, it is an ONP. Table 4.5 also shows the
distribution of protocols of ONP PR 3 patients.

Priority NP ONP Total
1 1.4% 1.3% 2.7%
2 11.1% 17.9% 29.1%
3 59.4% 8.8% 68.2%
Total 72.0% 28.0% 100.0%

ONP- PR3
AT I BR I MA I Other I PR I RE

48.35% I 8.06% I 12.82% I 18.32% I 10.62% I 1.83%

Table 4.5: Distribution NP and ONP over the priorities and protocols

The terminology of ONP for PR3 patients is not always the same what is really meant by the
department with an ONP. This will become clear in the paragraph 4.3.2.

12
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4.3 Capacities

The third paragraph of the analysis will focus on two types of capacities, namely the machines
(linacs, CT scan and simulator) and the radiotherapists. For both capacities, the planning and
utilization will be discussed.

4.3.1 Linacs, CT scan and Simulator
Before a patient gets its radiation treatment, the patient either goes on the CT scan or on the
simulator (in only a few cases on both). The CT scan takes a series of detailed pictures of areas
inside the body; the digital pictures are created by a computer linked to an x-ray machine. The
digital pictures are available on the computer where in the following step the radiotherapist
marks the area that needs to be treated and which areas need to be spared. Then a radiation
plan is made by the radiographic technicians.
A simulator can also take pictures but can only see the bony structures, not the soft tissues.
When a patient is on the simulator, the radiotherapist is also there, to determine the radiation
area. The treated area is marked on the patient, and a relatively easy plan is made to determine
the doses.
The Linear Accelerator (linac) delivers a uniform dose of high-energy x-ray. These x-rays can
destroy the cancer cells while sparing the surrounding normal tissue.The department has 6
linacs. Alilinacs produce photons. Photons have enough energy to get deep inside of the body.
Three of the linacs can also produce electrons. Electrons only reach the surface of the body
(e.g. skin cancer).
The number of patients that get radiation with electrons is very small. In appendix D, column
named fie, shows per studied protocol whether photons (f) or electrons (e) are needed for
radiation. From the 59 protocols studied, only 7 needed radiation with electrons.
Each linac has its own name; these names will be used to describe whether the radiation is
possible with only photons, or also electrons.
Linac 2: Photons
Linac 3: Photons and electrons
Linac 5: Photons
Linac 6: Photons and electrons
Linac 7: Photons and electrons
Linac 8: Photons

4.3.1.1 Planning

Every linac needs maintenance and testing almost once a week for a few hours. The
department has 1 exchangeable linac, which is linac 7, so that when a linac is in maintenance,
patients can be treated on linac 7. This means there are always 5 linacs in use. All linacs are
exchangeable except for Iinac 2, this linac has a smaller radiation field compared to the others.
It is therefore more precise but can only treat a little area. When there is maintenance on this
linac, patients planning is not disturbed since only a few patients need this type of radiation
treatment.
The linacs are flexible with their opening hours. The normal working hours are from
8.30-12.30 and 12.45-17.00. This means there are 495 minutes per LINAC available per day.
The working hours can be extended in advance to 570 minutes per day (8.00-12.30 and 12.45
17.45).

13
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4.3.1.2 Utilization

In the past, the opening hours and actual hours used of the linacs, simulator and CT scan, was
printed yearly from the planning system. Unfortunately this was not done for the linacs and
simulators from a certain moment in time due to a mistake in the system.
Data is available for the CT scan in 2007, the results can be found in table 4.6.

Since no data were available of the utilization of the linac and simulator, it is determined with
data obtained during the analysis of the demand. With the data of 2007, a rough estimate is
made of the utilization rate of the linac and simulator.
The same calculation is done for the CT scan to compare it with the actual utilization shown in
the table above. With the following data, the utilization in 2007 can be determined:
o Number of teletherapy patients treated
o Distribution of the priorities
o Distribution of the protocols
o Weighted average of number of fractions, process times on Linac, CT and simulator.
o Availability of Linac, CT and simulator in 2007

To determine the utilization, the total processing times on the Linac, CT and simulator is
divided by the total availability of Linac, CT and simulator.
The total processing times are calculated as follows:

I J

Linac: II~j x ((Fjx,uJ+5)
i=1 j=l

CT:

Simulator:

Where:
P

j
flj
CTflj
SIMflj
Fj

I J

II~j xCT,uj
i=! j=!

I J

II~j xSlM,uj
i=! j=1

Patient
Priority ofpatient (1 1)
Protocol ofpatient (1 1)
Process time needed ofprotocol j on the Linac
Process time needed ofprotocol j on the CT
Process time needed ofprotocol j on the simulator
Total fractions needed when protocol j

In 2007 there were 255 working days (52*5 - 6 free days + 1 working day on Saturday).
It is assumed that 5 linacs are used equally everyday. The availability of a linac, CT and
simulator is 495 minutes per day. The hours of the linac can be extended to a maximum
availability of 570 minutes a day.

I J

I I Pi) are the number of patients with priority i for protocol j.
i=! j=1

Using data from paragraph 4.2.2 (demand), the formulas above and the availability (in
minutes), the utilization can be calculated. The calculations made can be found in appendix G.
In table 4.7, the summation of the utilization rates are given.
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Utilization
LINAC (with normal working hours) 87.5%
LINAC (with extended working hours) 76.0%
CT 23.11 %
Simulator 36.11 %

Table 4.7: Utilization Linac, CT and simulator

The calculated utilization of the CT scan is much lower than from the data of the planning
system. The opening hours are less than the minutes worked with in de calculation. 1635
opening hours means that per day 385 min were available, which is less than the 495 minutes
calculated with above.

After corrections made in the system, it was possible to get the utilization of the -linacs, CT and
simulator from 01-09-2007 until 31-03-2008.
This data are used for verification of the calculations made above. In table 4.8, the opening
hours, working hours and utilization can be found:

Openin2 hours Working hours Occupancy rate
CT scan 966 487 50.4%
Simulator 1132 578 51.1%
LINAC 2 1430 729 50.9%
LINAC 3 1289 1127 87.4%
LINAC 5 1279 1091 85.3%
LINAC 6 1280 1108 86.6%
UNAC8 1271 1100 86.5%

Table 4.8: Occupation ofcapacity from 01-09-2007 until 31-03-2008

Linac 7, which is the exchangeable linac, is not shown in the table above, since when
maintenance needs to be done on linac 3 for example, the treatments done on Linac 7, are
counted as linac 3.
The table above shows a higher utilization as calculated above for the simulator and CT scan.
For the higher utilization of the simulator no explanation is found.
For the CT scan, again the utilization is higher, but also in this situation the number of opening
hours are lower (390 instead of 495 minutes) than used in the calculation:

[[
966hours ] *60 min =390 min]

7months 255d----x _ ays
12months

For the linacs the calculations are approximately the same, except that linac 2 has a much
lower utilization. This is due to the longer opening hours, but also because fewer patients can
have their radiation treatment on this linac.
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4.3.2 Radiotherapists
Medio 2007 a radiotherapist retired and a new radiotherapist joined the department. At the
start and at the end of 2007, there were 9 radiotherapists working in the department. On
average 6 worked fulltime and 3 worked part-time (60 or 80%).
A radiotherapist has the following duties:
a Seeing new patients (NP): having an intake meeting
a Seeing old/new patients (ONP): having an intake meeting
a Simulation time: seeing patients on the simulator
a Patient under Treatment (PUT) time: seeing patients that are being treated at that moment.
a Follow up (FU) time: Seeing patients that have finished their treatment
a Planning time: indicating on pictures of the CT scan the volumes to be treated and critical

organs to be avoided, discussing the planning and ultimately according the proposed
planning (made by radiographic technicians)

a Surgery time (very limited)
a Administration time
Every radiotherapist has a specialisation area. In appendix H, a table shows in which areas the
radiotherapists are specialised. 70% of priority 3 teletherapy patients (MA, BR, PR and RE)
are treated by every radiotherapist. The general protocol, AT, is not a specific area, so no
distinction in specialisation is made for this protocol.
Since the intake slots are a very important factor in the waiting time of the patient, this
paragraph and the rest of the project focuses on the intake slots.

PUT FU 81M
14,00-16,00 + 09,00-11,30 14,30-16,30

MARKING MARKING MARKING MARKING

Total
PM AM

NP 8
PUT 81M 2

09.00-12.00 FU 1
PUT 2
GNP 2

MARKING

81M
11,30-12,00

Radiotherapist

4.3.2. 1 Planning

All duties explained above are planned in slots for the radiotherapist. Each radiotherapist has
its own planning. There is some standardization, for example a radiotherapist working full
time, sees 8 NP per week. An example of a planning can be found in figure 4.7. These
planning schemes are also found in the planning system, to allow planning of the patients.

Monday Tuesday Wednesday
t- +-_~AM:::_--+-.....:.;PM;;;...-+_-......:..:AM;;;...----' AM PM

81M
09,00-10,00

A distinction is made between intake slots for new patients (NP) and intake slots for patients
that are already known to the department, old new patients (ONP).
The slots for ONP are planned within the boxes of simulation time. A patient with an AT
protocol (priority 1,2 or 3) which can be either NP or ONP (as explained in 4.2.5), is planned
in these places since these patients need to go on the simulator. The radiotherapist must be
present to determine the radiation volume.
ONP patients of priority 3 can also have another protocol than AT (see table 4.5) but will not
be seen in these intake slots.
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After interviews with administration and radiotherapists, it can be concluded that the GNP
intake slots are mainly for priority 1 and priority 2 patients and that GNP of priority 3 are
usually scheduled in NP slots (since their urgency is not high).

4.3.2.2 Availability

Daily basis
The planning of the number of intake-slots is analysed on a daily basis. First an analysis is
made of the scheme shown in figure 4.7. The values are averaged since the schemes have
changed four times in 2007. Second, the intake slots are analysed, taking into account the
absence of radiotherapists. From data the absence of radiotherapists is known, due to holiday
or other reasons. With this information the total planned intake slots are reduced with intake
slots of a radiotherapist that is absent.
In table 4.9 the results are found.

NP ONP
Day Planned Planned including Planned Planned including

absence of absence of
radiotherapists radiotherapists

Mondav 18.50 15.28 3.29 2.78
Tuesday 6.25 5.10 4.71 3.96
Wednesday 13.25 10.60 4.00 3.24
Thursday 5.88 4.70 5.00 4.16
Friday 12.13 9.67 5.25 4.13

Table 4.9: Distribution of intake slots over the week

This table shows that on Monday most intake slots are planned, more then twice as much
compared to a Thursday.
The difference between the planned intake slots and the planned slots including absence of
radiotherapists is on average 15 intake slots per week.
Weekly basis
If all radiotherapists are present, there are 78 intake slots planned per week. In some weeks
radiotherapists are absent, so less intake slots will be planned. An analysis is made of the
intake slots planned per week (taken into account the absence of radiotherapists) and also of
the real intakes that have taken place in a certain week.
These numbers are shown infigure 4.8.

Radiotherapist capacity 2007
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week

Figure 4.8: Availability of radiotherapist per week in 2007
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The figure above shows that the planned intake slots and the real intake slots per week follow
the same pattern.
The graph also shows that there are 5 weeks where availability of the radiotherapist is low.
a Week I: due to the Christmas holiday
a Week 8: due to carnival holiday
a Week 30: due to summer holiday
a Week 43: due to autumn holiday
a Week 52: due to the Christmas holiday
In most weeks the availability is between the 50 and 70 intake slots per week.

4.3.2.3 Utilization

For the calculation of the utilization of the radiotherapist, only the intake slots are taken into
account. For the first calculation no distinction will be made between ONP's and NP's.
Due to some changes in the number of radiotherapist, the planned slots were not constant.
Averaging the numbers, there were 56 NP intake slots and 22 ONP intake slots planned per
week. This results in 78 intake slots per week.
In total there were 3372 patients that had their radiation treatment in 2007, including brachy
and IORT. These are also taken into account because they also have an intake meeting with
the radiotherapist. It is assumed that this is also the number of patients that had intake
meetings in 2007 (some of these patients had their intake in 2006 and radiation treatment in
2007 and some may have had the intake in 2007 but having their radiation treatment in 2008).
On average a radiotherapist has 8 weeks of holiday during a year, meaning there are 44 weeks
left.
The utilization becomes:

(3372/ )
/78 =98%

44
The next calculation makes a distinction between NP and ONP's.
All days that a radiotherapist was absent is taken into account in the planning. When
radiotherapists would be absent, hislher intake slots are not taken into account. This resulted in
the utilization shown in table 4.10. The utilization of NP intake slots is higher than 100%; this
means more intakes have taken place than actually planned.
The percentages clearly show that the utilization of radiotherapists is very high.

Planned intake slots Actual intake slots Utilization
NP 2315 2385 103%
GNP 933 928 99,5%
Table 4.10: Utilization NP and ONP intake slots in 2007
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4.4 Patients planning

Throughout this chapter more has become clear about the planning process of the patients.
This paragraph will examine the planning situation thoroughly and will also analyse the
waiting time registration of the department to see how the planning was done in 2007.
As explained in 4.1 a patient is being referred to the department. The radiotherapist decides on
the priority of the patient, where after the administration plans an intake meeting with a
radiotherapist that is specialised in the cancer type or if the patient is an GNP, it is tried to
have the intake meeting with the same radiotherapist as soon as possible.

Planning procedures per patient type:
o Priority I

If a PR1 patient is being referred, all activities are planned on one day (same day as
referral day). The information needed at the intake meeting is usually brought together
with the patient. The intake meeting usually takes place on a moment no official intake slot
was planned. After the intake the patient always directly goes to the simulator to determine
the radiation plan. Since this is an emergency patient all other waiting patients at the
simulator and linac must give priority to this patient.

o Priority 2
If a PR2 patient is being referred, an intake slot needs to be found. The 'GNP intake slots'
are typically used for this type of patients. It appears that for these patients, it is sometimes
hard to use the planned intake slots because 60% of them are an GNP meaning they have
their own radiotherapist. Usually these patients are fitted in where possible. If a
radiotherapist is absent, another radiotherapist will treat the patient. The information
needed at the intake meeting is also usually present with the patient. After the intake
meeting is planned, the simulator and all radiation treatments are also planned. The
administration tries to plan simulator and the first radiation treatment on the same day as
the intake. From analysis of the data in 2007, it is found that 93% of these patients have
their simulation on the same day.
From interviews it became clear that many PR2 patients are sometimes fitted in where
possible (e.g. between two other appointments) on the linac to try to have all activities on I
day. This can sometimes give inconvenience on the linac and simulator.

o Priority 3
An intake slot is usually planned at least 5 working days after the referral date. These days
are needed to request information on the patient of the referred hospital. In most cases the
CT scan is also planned on the same day. This is needed for almost every protocol, except
for the PR (prostate) protocols. These patients first need to visit the urology department for
placement of goldmarker. These goldmarkers are needed to mark the radiation area. After
placement of the goldmarkers, a CT scan is planned I week later. These two appointments
are made after the intake meeting.
Through interviews it became clear that there is a trend having the CT scan on the same
day as the intake meeting. When analysing the data in 2007,55% of PR3 patients had their
CT scan the same day as their intake meeting. This last percentage also includes prostate
patients, excluding these, the percentage is 60. Data of the first 20 weeks of 2008
demonstrated that the percentage had risen to 70% (without prostate patients).
After the intake meeting a protocol is chosen and the first radiation treatment is planned.
After the first radiation treatment, the patient is informed about the other treatment data.
It can occur that a treatment has to be delayed (e.g. wound is not healed, patient needs
hormone therapy or chemotherapy). These patients will then have a new appointment for
the CT scan and radiation treatment.

19



({i}) CATHARI NA-HOSPITAL

A fixed amount of days must be between the CT and first radiation treatment, defined per
protocol.

For more insight in the planning of the different types of patients, the waiting time registration
of 2007 is analysed. This is found in the next paragraph.

4.4.1 Analysis of waiting time registration
An analysis is made of the waiting time registration of 2007. This is done of teletherapy
patients that do not have treatment that is delayed (explained in 4.4). With this analysis new
patients (NP) and old new patients (ONP) are taken into account. After deleting Brachy and
IORT patients (they are not part of the waiting time registration) and delayed patients, this
resulted in analysis of 2475 patients (73% of all patients in 2007).
It is assumed that when patients have a waiting time larger than 50 days, dates are not
correctly put in the planning system. These patients are always checked by the department by
looking into the patients files. In most cases it can be concluded that data is not copied right
into the planning system. There were 27 patients that had a waiting time longer than 50 days,
this is 1% and will not be taken into account for this analysis.

4.4. 1. 1 Waiting time per protocol group

In figure 4.9 an overview is given per group, defined in paragraph 4.2.1, on the average
number of days between:
o Date of referral until date of intake
o Date of intake until first activity (Simulator/CT-scan or urology department for PR

patients)
o Date of first activity until first radiation
These averages are calculated for all patients that are treated within the 80% norms (7 or 21
days) and for patients that have a waiting time larger than the 80% norm. It also shows which
percentage is treated within the 80% norm and which percentage is outside this norm.
It should be mentioned that all waiting times in this figure include the weekends.

The following conclusion can be made from this analysis:
o Priority 1 patients are always treated within 2 days. The norm states that PR 1 patients

should be treated within 24 hours. It can not be checked whether this is the case, but
according to the department this is the case and will therefore be assumed.

o Most priority 2 patients are ONP, so they have their own radiotherapist. They perform
better in the 80% norm than the NP group of PR2 patients. The same holds for the second
largest group of ONP, namely priority 3 - AT, they also perform better in the 80% norm
than the NP's.

o Priority 2 patients almost always have their first activity on the same day as their intake
meeting. The same holds for the first radiation treatment, except for the patients that have a
waiting time longer than 7 days. These patients have a longer waiting time before intake
and also a long waiting time before the first radiation treatment.
Even though the performance is quite high for the PR2 patients, from interviews it became
clear that these patients are planned anyhow, whether there are slots available or not.

o When the waiting time becomes larger than the 80% norm, the time until intake increases
on average with 4.3 days (excluding PR1 patients).

o For priority 3 patients, the time between intake and fust activity is on average very short in
comparison to the whole waiting time. This is not the case for prostate patients; the group
with a waiting time larger than 21 days are dependent of the urology department.
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A: Date of referrral D: Date of fIrst radiation
B: Date of intake %: Percentage of patients within that group
C: Date of flfSt activity

NP: Priority 1 ONP: Priority 1
A-B BoC C-D % A-B B-C C-D %

Average 0.5 0.0 0.0 0.2 0.0 0.0
Within the same day 0 0 0 55% 0 0 0 80%
Within the next day 1 0 0 45% 1 0 0 20%
Total patients 44 44

NP: Priority 2 ONP: Priority 2
A-B B-C C-D % A-B B-C C-D %

Average 4.0 0.2 1.7 3.8 0.1 0.8
D-A:57 3.2 0.1 0.6 73% 3.3 0.1 0.3 85%
D- A>7 6.2 0.6 4.7 27% 7.0 0.6 3.6 15%
Total patients 341 567

NP: Priority J: AT ONP: Priority 3: AT
A-B B-C C-D % A-B B-C C-D %

Average 7.3 1.8 4.5 6.7 0.9 3.1
D-A:521 6.5 1.1 3.6 85% 5.8 0.8 2.7 92%
D-A>21 11.3 5.6 9.7 15% 17.9 2.4 8.6 8%
Total patients 157 124

NP: Priority 3: BR ONP: Priority 3: BR
A-B B-C C-D % A-B B-C C-D %

Average 10.2 1.4 10.5 10.0 2.6 5.8
D-A:521 8.2 0.4 8.3 61% 7.1 0.1 4.5 62%
D - A >21 13.2 3.0 13.9 39% 14.3 6.4 7.8 38%
Total patients 171 21

NP: Priority 3: MA ONP: Priority 3: MA
A-B B-C C-D % A-B B-C C-D %

Average 11.2 2.8 6.7 6.7 6.2 6.3
D - A:5 21 9.4 1.4 6.6 65% 4.1 4.6 6.3 77%
D - A >21 14.6 5.4 6.8 35% 12.5 10.0 6.3 23%
Total patients 398 13

NP: Priority 3: RE ONP: Priority J: RE
A-B B-C C-D % A-B B-C C-D %

Average 9.5 1.4 6.3 13.3 9.7 6.3
D - A:5 21 8.6 0.9 6.0 82% 5.0 5.0 7.0 67%
D - A >21 13.9 3.7 7.8 18% 17.5 12.0 6.0 33%
Total patients 202 3

NP: Priority 3: PR ONP: Priority 3: PR
A-B B-C C-D % A-B B-C C-D %

Average 10.1 10.0 11.4 9.2 0.2 3.5
D - A:5 21 8.1 2.0 4.2 26% 9.2 0.2 3.5 100%
0- A >21 10.8 12.9 14.0 74% - - - 0%
Total patients 100 6

NP: Priority 3: Other ONP: Priority 3: Other
A-B B-C C-D % A-B B-C C-D %

Average 8.9 2.7 7.3 5.7 0.8 4.9
D-A:521 7.6 1.6 6.6 74% 5.4 0.8 4.6 97%
D - A >21 12.2 6.2 8.8 26% 15.0 0.0 12.0 3%
Total patients 212 32

Figure 4.9: AnalysIs ofwaiting time registration 2007 with the 80% norm
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o The time between first activity and first radiation is quite constant for the MA, RE and
Other protocols when comparing 'D-A :5 21' and 'D-A > 21'. These numbers are deduced
from the number of working days that must be between the CT and first radiation
treatment according to the protocol, see table 4.3.
For the BR protocol there is an increase of 5.6 days. After discussion with the
radiotherapist, it became clear that some of these patients need PET-scan for better
analysis. This takes some extra time.
For the PR protocol there is a big difference between 'D-A :5 21' and 'D-A > 21'. This can
be explained by the fact that not all PR patients are dependent on the urology department.
But from the data studied in the appendix D, these patients were not taken into account.
After urology, the patient must wait 5 working days before the CT scan, and after the CT
scan 4 working days are needed to make the radiation plan. This results in 9 working days.
Including two weekends, the waiting time comes close to the 14 days shown in figure 4.9.
For the AT protocol of priority 2 and 3, no explanation is found for the difference in
waiting days.

Overall conclusions:
o Radiotherapists have a large influence on the waiting time of a patient. When the waiting

time is larger than the 80% norm, the time until intake makes up the largest part of the
waiting time.

o ONP patients perform better than NP patients (especially for PRl, PR2 and AT-PR3
patients), even though this was not expected.

o Time between the first activity until first radiation makes up a big part of the total waiting
time when the waiting time gets larger than the 80% norm for PR2, BR-PR3 and PR-PR3
patients.

4.4. 1.2 Waiting time per referral day

As explained in paragraph 4.2.4, the demand on Thursday is significantly higher than on other
days. In this part, an analysis is made on the influence of the referral day on the moment of
intake.
In appendix I, graphs of time until intake specified per day of referral are shown. The lines
show the number of days until the intake meeting and the y-axe shows the fraction of patients
that have had their intake within a certain number of days, all specified per day of referral.
For PR3 patients, the graph clearly shows that patients being referred on a Thursday have on
average their intake meeting later compared to the patients referred on another day. This holds
for both graphs, including and excluding weekends. The graph excluding weekends shows that
more working days are needed for a patient to have its intake when he/she is referred on a
Thursday.
The same is done for priority 2, one graph including weekend and one graph excluding the
weekends. The graph including the weekend shows is a dip for patients referred on Thursday
and also on Fridays. These patients are not seen until after the weekend and this fact
introduces two extra days of waiting. When excluding the weekend, the graph doesn't show
this dip anymore, meaning the number of working days is equal between referral and intake
for any referral day.
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4.5 Conclusion of the analysis phase and starting point for redesign
This final paragraph of the analysis phase gives an overview of the situation described in the
previous paragraphs and leads to answers of the questions formulated in paragraph 3.3:
o Investigate the planning policies at the radiotherapy department
o Investigate the demand process at the radiotherapy department
o Investigate how much capacity is available during a week

The figure below shows a brief overview of the situation.
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Figure 4. 10: Overview ofanalysis phase

Planning and Intake
Patients are referred, and depending on their priority and type of cancer, an intake meeting is
planned with a radiotherapist. The number of referrals per day is significantly different for
several protocols. Especially the Thursday has significantly more referrals for AT-PR2, MA
PR3 and PR-PR3 patients.
The terminology used by the department for intake slots can be confusing, therefore two boxes
infigure 4.10 show which patients are planned in the intake slots.
The utilization rate of the radiotherapists is very high, both ONP and NP intake slots had a rate
near the 100%. It was also shown that the availability of radiotherapist was low in periods of
holidays. In general the largest part of the waiting time is the time from referral until the intake
meeting. The analysis also showed that the waiting time until intake was higher for patients
referred on a Thursday than for any other referral day. The planning of intake meetings will
therefore be part of the focus in the redesign phase
After the intake a protocol is determined. The division of protocols shown in figure 4.10 are
based on the mostly used protocols in the past 3 years.
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Red box: excluded for further research:
From analysis it became clear that the CT scan and simulator have a very small utilization rate.
It can be concluded that these activities are not the bottleneck and will not be modelled in
further research.
Patients can get delay because of medical reasons. Patients can also be a brachy or an IORT
(B&I) patient, they are of priority 3, but will not use the simulator, CT scan or linac. They are
part of the intake meetings but will not be taken into account for further research, the same
applies to patients with delay.

Linac
In contrast to the CT scan and simulator, the linacs do have a very high utilization rate. The
linacs can be flexible in their opening hours, so the utilization rates varies between 75% and
85%, which is relatively high compared to the CT scan and simulator. Therefore the
treatments on the linac will be modelled in further research.
The performance of the 80% norm of PR2 patients is very high compared to PR3 patients.
Around 20% of the PR2 patients had to wait a few days before receiving their first radiation
treatment. These patients also had a waiting time longer than 7 days. As explained in the
previous paragraph, PR2 patients sometimes give some inconvenience for the radiographic
technicians since they are fitted in between two regular appointments (often PR3 patients). For
the redesign phase this should also be taken into account.
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5. Redesign

The emphasis of the redesign phase will be on planning the intake meetings. In paragraph 4.4
it became clear that when the 80% norm is exceeded, the waiting time until intake increases a
lot (also when excluding the 5 working days needed to receive information of the patient). The
second focus will be on the linac treatments which also showed a high waiting time before the
first treatment.
From analysis it became clear that the CT scan and simulator had a very low utilization, in
contrast to the intakes and the linacs. The CT scan and simulator are therefore not seen as the
bottleneck and their processes will not be modelled in the redesign phase (as explained in 4.5).
The question formulated in paragraph 3.3 is: 'How can the planning and scheduling strategy
of the radiotherapy department be improved to obtain better peiformance in waiting times?'
This chapter will partly give an answer to this question.
Appendix C shows causes of the problem defined in chapter 3. It is decided to focus on the red
boxes shown in this appendix. First of all the intake meetings are an important part of the
redesign.
It is found that patients referred on a Thursday have a longer waiting time before intake than
other days, a discrepancy is found between demand and 'supply'. This is an important focus
for redesign.
The number of intakes available per week depends on the availability of radiotherapists. Since
a high fluctuation is found in the availability of radiotherapists, this will also be further
investigated, to understand the effect of this on waiting time.
Intake meetings are one of the main activities of the radiotherapist. Other activities of the
radiotherapists will not be taken into account because they do not directly effect the waiting
time. Another cause for waiting time before intake is time needed to receive information.
Since this is an external factor, this will not be studied further in this thesis.

The second part will focus on the treatments on the linac. Long waiting times are found due to
high utilization and time needed to make a radiation plan. This latter is mainly for PR3
patients. Also for PR2 patients waiting time is present after the simulator, which should not be
needed for making a plan. Therefore research is conducted on how waiting time can be
reduced by reserving time for PRl and PR2 patients and enhancing the opening hours. More
on these decisions can be found in paragraph 5.2.
The time needed for making a radiation plan is also of interest, but since the department is fust
interested in the total waiting time (moment until the first radiation treatment can take place)
this is not further investigated in this thesis but assumed to be necessary to fulfil all steps.
Since the steps are part of the total waiting time, the delay will be taken into account.
An important assumption in this chapter is that the CT scan and simulator activities can always
take place on the same day of the intake meeting (see paragraph 4.4), so the delay after intake
is the time specified needed for the radiation plan

First a theoretical model is made for optimal planning of the patients per protocol type. This
model will give insight in the variables and constraints needed when planning patients, which
will be used in paragraph 5.2, the simulation model.
Simulation will find out whether using different allocation methods of the available capacity
makes a difference in the waiting time. This simulation model uses different allocation
methods for the availability of intake slots and minutes for linacs per day and per patient type
(PRIPR2 and PR3 patients).
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5.1 Theoretical Model

In the following paragraph a model will be explained on how to find an optimal solution for
the planning of patients. The time that should be minimized, is the time between referral and
first radiation treatment. Since there are urgent, sub-urgent and non-urgent patients (priority I,
2 and 3), time plays a different role per patient type. By adding weights to a patients waiting
time for the three types of urgency, this can be taken into account. The model explained in the
next paragraph will minimize the total weights by planning intake and radiation treatment as
optimal as possible.
The process of this model will first be described below and in the next paragraph in symbols.

5.1.1 Description of the situation
Arrival
Patients have some fixed variables when they arrive, but also some variables that need to be
determined. An arriving patient has a certain priority, it is either a new patient or an old new
patient, is referred on a certain day and has a type of tumour (protocol).
Intake
Depending on the type of patient, an intake meeting needs to be planned. The moment of the
intake meeting depends on how fast the information of the patient has arrived; therefore there
is a fixed delay between time of arrival and intake (dD
On the day of referral it is already clear what type of tumour the patient has, so it can be
determined which radiotherapist should treat this patient. When the patient is an ONP, the
same radiotherapist is chosen. Since protocols are divided in groups concerning tumour type, it
is assumed that the protocol (and therefore the treatment and radiotherapist) is known on the
day of referral. A matrix can be made about which radiotherapists can treat a certain protocol.
PRI and PR2 patients are seen in the intake slots for ONP patients (even if the patient is a NP,
see 4.4). PR3 patients will be seen in the NP intake slots.
Linac
Between activities intake and treatment on the linac there is a CT scan or a simulator needed to
make the plan for radiation. This activity is not taken into account in the model (because of the
low utilization rate), but is assumed to be a fixed delay (dj ). So when determining the first
radiation treatment on the linac, the time dj is taken into account. When the radiation
treatments are planned, enough capacity should be available of the linacs.
The protocol determines the total number of fractions, the time needed on the linac and also
how many times per week the patients get its treatment. The throughput time of the radiation
treatments of a patient depends on the number of fractions and number of treatments per week.
Per protocol a process time function can be made, to see on which days the patient gets its
treatment and for how many minutes. Since in the weekend treatments are not given, it is
important to make a distinction between the days of the week. The process of the patient will
look different when starting on a Monday or on a Friday for example.
Patients get their treatment on a certain linac, depending on the protocol. Most of the linacs are
the same, but in some cases a patient needs a linac with extra possibilities (for example when
electrons are needed). So also for these specifications a matrix can be made to determine
which protocol can be executed a certain linac.

Assumptions
o The protocol is known on the day of referral.
o The protocol determines which radiotherapist can see the patient and on which linac the

patient can be treated.
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o Priority 3 patients are always new patients and are seen in the intake slots for NP's.
o Priority 1 and 2 can be either a NP or an ONP and are seen in the intake slots for ONP's.
o No patients will have a delay caused by medical reasons or other reasons.
o The CT scan and simulator are not modelled, and are assumed to be available on the same

day as the intake meeting.
o It is assumed that the number of treatments per week is evenly distributed over the week (5

day working week). When for example 3 treatments are needed, these are planned on
Monday, Wednesday and Friday.

5.1.2 Model
Parameters
P

k
n

t
d;

Cap.KN
Cap.KO
Y.k}.

K,}.

Cap.L
Fj

Wj

Ilj
Ll..H(t2mod7,Fj, W)

Patient
Priority ofpatient (1 1)
Radiotherapist (1 K)
New Patient or Old New Patient with radiotherapist k (0......N)
when 0, there is a new patient. When n=l, 2......N, there is an old new
patient with radiotherapist n=k
Protocol ofpatient (1 J)
Day ofarrival, from (1 To)
Day of intake (1 ...... T})
Day offirst treatment (1 ...... T2)
Linac (1 ......L)

Day
Delay after date of referral needed to receive necessary information
depending on priority
Delay after intake because of time needed for planning the treatment of
protocolj
Capacity of radiotherapists seeing New Patients
Capacity of radiotherapists seeing Old New Patients
1, if radiotherapist k can treat patient with protocol j, 0 otherwise
1, if linac l can treat patient with protocol j, 0 otherwise
Capacity of linacs
Total fractions needed when protocol j
Total fractions per week when protocol j
Process time needed ofprotocolj on the linac
A vector that shows the pattern of treatments on the linac.
It takes into account: the starting day, Fj and Wj.
H is the total flow time (number ofdays between first and last treatment)
of the patient.
The pattem determines whether a patient has a treatment on a certain
day. (See elaboration (5)forfurther explanation).
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(1)

Where f (t2 - to) is a weight function of priority i, per number of days between date of referral

and first treatment

Constraints:
For the radiotherapists
All priority 3 patients with a certain protocol that have their intake with radiotherapist k on
day t1, must be smaller or equal to the capacity of NP intake slots of radiotherapist k, on t1

(2)

For determining a radiotherapist for a new patient, first of all a radiotherapist must be chosen
that is able to treat that patient, so radiotherapist can treat protocol j.

if Yk=O},
Vj,k (3)

All priority 1 and 2 patients, either an GNP or a NP with a certain protocol that have their
intake with radiotherapist k on day t1, must be smaller or equal to the capacity of GNP intake
slots of radiotherapist k, on t1.
A distinction is made between GNP's and NP's.

Vk,t1 (4)

For the Linacs
INJKTo 7jTL

""""""~"P .k I xf.l xL I (t) mod7, F. W.)~ CapL11L..JL..JL..JL..JL..JL..JLL..J I,n.}. ,/0 ,V1' } 1+-12 - }, } •

i=1 ,,=0 j=1 k=1 10=1/,=/011=/0 1=1

if

Vl,t

Vj,l

(5)

(6)

Time constraint
The intake with the radiotherapist must be after the referral date and delay needed for
receiving all necessary information. The first radiation treatment is after the intake and a delay
to plan the treatment.

if
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5.1.3 Elaboration of the model
(1) As explained above the objective

INJKToT.T,L

IIIIIL IIP;,n,),k,to,I'h,l Xf(t2 -to)
;=1 n=l )=1 k=l to =1 :, ='0'2 ~'0 kl

function IS to minimize:

There are three cost functions, for priority 1,2 and 3. Norms of the NVRO are taken into
account, below an example of how the weight functions can look like.
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(2) The summation is over every variable for all possibilities, except for nand i. i=3,
because only priority 3 patients are taken into account. Since only new patients are
taken into account, the summation of n is only for n=O.

(4) In this constraint only ONP intake slots are taken into account which is for priority 1
and 2 patients. The summation of n, is for ONP from 1. ....N. These ONP's have their
fixed radiotherapist, which is already specified in n. Therefore k is equal to n in this
case, so that radiotherapist n1=k1 etc. For the NP's the summation of n is only for n=O.

(5) The capacity of a Linac is used by patients that have their first radiation treatment on
day t and also patients that have their second, third, fourth, F/h radiation treatment
on day t.
Some patients do not have their treatment everyday, but with days in between. For this
reason a process time vector is made. So on a certain day t, a patient might be in the
process of radiation treatment, but can have a rest day on other days. To determine
whether the patient has a treatment on day t, the following is used:

Ll...H(t2mod7,Fj,Wj), which is a vector showing the pattern of treatments ( for example:
3(h,1,1,0,0,1,1,1,l,1) )

To know whether a patient has a treatment on day t, it is important to know how many
fractions are needed, how many times a week treatment is needed and on what day the
first radiation took place. The vector looks different when starting on a different day,
since the weekends fall differently, in weekends normally the department is closed.
H is the total flow time of the process, starting on day t2 until its last treatment. L1

would be the first day of treatment, and LH, the last day of treatment, and all other
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numbers in between show the other days of treatments.
The modulo function counts back to 0, 1,2,3,4,5,6. This determines on what day the
treatment has started.
0= Sunday
1 =Monday
2 = Tuesday
3 =Wednesday
4 =Thursday
5 =Friday
6 =Saturday
The treatment will never start on a 0 or 6, since no capacity of linacs are available.

In the constraint the day in the vector is determined by t+I-t2 (see L1+1- 1z ). This converts

the real time to the vector time. To explain this vector further, some examples are
given in appendix J.

5.1.4 Transformation from theoretical model to simulation model
The theoretical model described in this paragraph can give (using mathematical programming)
an optimal solution for planning a certain demand in a period of time. The model uses the
weight function to determine when a patient should have its intake and first radiation. Priority
rules (queuing disciplines) are not explicitly formulated, but the weight functions show the
difference of importance.
In this case, the decision variables are the moment of intake and the moment of first radiation.
The input variables are demand and capacity availability. The first input variable is an external
variable, which can not be influenced by the department. The capacity variable is an internal
variable and can be adjusted to influence the output.
The demand should be known, when using this model as a tool to get the optimal solution.
Expected demand can be used to get an optimal planning, but there will always be uncertainty
of what the real demand is (demand is unpredictable).
Capacity constraints are formulated so intake meetings and linac treatments do not exceed the
available capacity. Since capacity availability is the only variable that is in control of the
department, it is of interest how to organize the capacity availability to minimize the total
weights. In other words, can weights (costs) be even further reduced with another capacity
distribution?
The model is formulated on the level of 'patient planning and control'. This is one of the
levels of the framework (also found in table 3.2) for hospital production control developed by
Vissers et al. (2001). This level of the framework focuses on the day-to-day activity, making
sure that tasks are carried out effectively and efficiently (who is treated when and by whom?).
The day-to-day activities are planned at a higher level, determining how capacities are made
available to patient groups. This level focuses on the availability of capacity, which is in
control of the department.
The model formulated above is very complex, taking into account all radiotherapists and
linacs, and is difficult to solve. After discussion with mentors of the depaItment and the
university it is decided to focus on aggregate level of radiotherapists. To study capacity
changes, it is chosen to use simulation. Simulation will not give an optimal solution but will
find a capacity planning that can result in a better performance.
This theoretical model has given insight to variables and constraints needed in the simulation
model. The next paragraph will elaborate on the simulation model and decisions made.
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5.2. Simulation Model
The previous paragraph mentioned that simulation is a tool to find out whether better
pelformance of the waiting time is possible through interventions of the current situation.
Simulation is a problem solving methodology that mimics a real world system over a period of
time. The simulation model will be a discrete-event simulation. Discrete-event simulation is an
operational research technique that allows the end user to assess the efficiency of existing
health care delivery systems (Jun et aI., 1999). Alternatives can be simulated to improve
system performance.
Simulation models are able to visualize processes which make it understandable how changes
can improve performance in waiting time. Also causes of waiting time are easily detected,
when simulating for a period of time. The effects of having high absence of radiotherapists in
certain periods will also become clear in the simulation model.

After analysing demand and supply (availability of radiotherapist), it became clear that a better
fit between the number of intakes per day and the number of referrals per day could improve
waiting time. The demand and the number of planned intake slots varied per day of the week.
Knowing the demand, capacity can be adjusted on a daily basis to improve the time until
intake. Also adjustments can be made between the NP and ONP intake slots (from now on will
be called PR1&PR2 and PR3 intake slots).
Also from analysis it became clear that PR1 and PR2 patients are usually fitted in, since they
must be treated as quick as possible. By reserving capacity on the linacs for PR1 and PR2
patients, this can result in a better efficiency of work.
This redesign question can now be formulated in two redesign question with a clear goal:

o How can a different distribution of intake slots per day of the week make a difference in
the waiting time performance?

• This distribution can be between the number of intakes per day for PR1PR2 and
PR3 intake slots.

o Does reserving capacity for PR1PR2 patients make a difference in the waiting time
pelformance ofpatients?

• From analysis became clear that enough capacity is usually available to serve
patients on the linac, but some inconvenience can occur for radiographic
technicians when a patient is fitted in between other patients. By reserving capacity
this inconvenience can be prevented and will also make planning easier for the
administration.

The simulation will be executed on an aggregate level for the intake slots. No distinction will
be made between ONP's en NP's because ONP's are hard to generate as demand (determining
who was the fixed radiotherapists), and neither between the specialisation of radiotherapists.
Since 70% of priority 3 teletherapy patients (MA, BR, PR and RE) can be treated by almost
every radiotherapist it will not show an essential difference.
The capacity of the linacs will also be on aggregate level. This is possible since most of the
linacs are exchangeable, and therefore it is not of importance on which linac a patient gets its
treatment.
By simulating both processes (intake and linac), the total waiting time according to the NVRO
norm can be calculated, and a recommendation can be made on the feasibility of these norms,
which is one of the concerns of the department.
The planning process explained and symbols used in the previous model are partly still the
same as in the simulation model. During the simulations, no use of weight functions is made;
therefore priority rules should be present.
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In figure 5.1, the simulation plan is shown. An explanation of the planning process and
priority rules will be described in the next part.
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Figure 5.1: Simulation plan

STEP 1
Every working day there is demand. It is assumed that all demand is known
at the same time per day. There are 9 types of patients as described in the
analysis. From analysis can be concluded that the Thursday has a higher
amount of referrals compared to the other days, so this will also be taken into
account.

STEP 2
1. The earliest possible option for tl needs to be detennined, which is to+d j .

2. PR1 and PR2 patients are planned in intake-slots reserved for PR1 and
PR2. PR1 patients always have priority over PR2 patients. If there is not
enough capacity in the reserved PR1PR2 intake slots, capacity of PR3
must be checked. All PR3 patients are already planned since d3>ddd2. If
there are still open slots for PR3 patients, this can be used by PR1 and
PR2 patients. If no capacity is available for that day, the capacity for the
next day is checked.

3. The different types of protocols of PR3 will queue randomly. The intake
should take place on day tl if enough capacity is available, otherwise the
next day should be checked etc. No capacity of PR1&PR2 can be used.

4. Notice that B&I (Brachy and IORT) patients are only part of the intake
process but not of the radiation treatments.
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1'\ 1. The earliest possible option for h needs to be determined, which is tl+dj.
2. PR 1 and PR2 patients are planned in the reserved capacity for PR 1 and

PR2. If there is no capacity available, the capacity of PR3 can be used.
This counts for every radiation treatment (l SI until Fj til) of PR1 and PR2.
PR 1 always has priority over PR2.

3. For PR3 the capacity needs to be checked, otherwise the next day, etc.
No capacity of PR 1&PR2 can be used.

4. The capacity needed per patient is Ilj and for the first time 5 extra minutes
are needed on the tinac.

5. If a patient has had its first radiation treatment, the patient will always
have precedence over other patients that are waiting for their first
radiation treatment.

Assumptions:
a The protocol is known on the day of referral.
a No patients will have a delay caused by medical or other reasons.
a It is assumed that treatments take place everyday. So the vector Ll...H(t2mod7,Fj, Wj)

explained in the previous paragraph, will not be applicable in this simulation.

The control variable in this simulation is the capacity availability per day of PR1PR2 and PR3
intake slots and linac availability. By changing these variables, simulation can find out
whether improvement is possible. Therefore different allocation methods will be used for the
planning of intake meetings and linac treatments. The following interventions are possible:
a Varying the capacity per day of the number of intake meetings
a Varying the reserved capacity PR1&PR2 of the intake meetings
a Varying the capacity of linacs, having normal or maximum capacity
a Varying the reserved capacity PR1&PR2 of the linacs treatments
These allocation methods will be further explained in paragraph 5.1.2.3 and 5.2.1.2

The simulation model is built in two steps. First the model for intake meetings is build
followed by the model for radiation treatments. The next two paragraphs will explain the
modeling of these two models. The first model is named 'intake model' and the second 'linac
model' , these names will be used throughout the rest of the report.
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5.2.1 Simulation: Intake model
This paragraph will explain all parts that are needed for the simulation of the intake meetings.
First the input variables (demand and availability radiotherapist per week) that are needed for
the model will be explained. Next the model build in Enterprise Dynamics (simulation tool) is
explained. In the third paragraph different allocation methods are described. These allocation
methods result in availability of intake slots per day, which is a percentage of the availability
per week (input variable).

5.2. 1. 1 Values for the intake model

Capacity availability per week ofradiotherapists
As explained in 4.3.2.2 the number of intake meetings varies per week due to holidays. The
capacity available per week in 2007 will be used in the simulation model (input variable), so
variations in availability are taken into account.
Since there is a difference between planned intake slots and actual intake slots, the maximum
of these two will be used. If the number of planned intake slots is larger than the actual intake
slots, it means than more intakes could have taken place. If the number of actual intake slots is
larger than the planned intake slots, it was possible to have more intake slots in a certain week.
Figure 5.2 shows the availability of intake slots per week that will be used in the simulation
model.

Radiotherapist capacity 2007
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Figure 5.2: Capacity of radiotherapist per week usedfor simulation

The three minimum values are found in week 8, week 30 and in week 43. These are 40 or less
intake slots per week and are due to holidays.

Demand
In 4.2.4 (number of referrals per day) is analysed that for some protocols the number of
referrals differ per weekday. Thursday is significantly different in AT-PR3, MA-PR3 and PR
PR3. Since the referrals on Thursday are significantly higher, these will be taken into account
for the demand process in the simulation. Days with less difference (only with two or less
days), although significantly, will not be taken into account when simulating. For these and
other groups with no significance different, the average demand will be used. The 3 groups
(Priority 2: AT, Priority 3: MA and PR) will have an average of the Thursday and an average
of the other days. The values are found in table 5.1 (see also appendix E).
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Monday - Friday Monday, Tuesday, Thursday
Wednesday and

Fridav
AT- PRl 0.36

AT- PR2 3.42 5.00

AT-PR3 1.24

BR -PR3 0.89

MA- PR3 1.67 6.71

Other- PR3 1.18

PR-PR3 0.61 1.75

RE - PR3 0.90
Brachy&IORT 1.14

Table 5.1: Values ofdemandfor simulation model

For the simulation model it is decided to not use deterministic values from the real referrals
but to generate demand according to a Poisson distribution. By using a Poisson distribution
several demands can be generated for simulation. This way a more reliable conclusion can be
made.
The Poisson distribution is a discrete distribution which takes on the values x =0, 1, 2, 3, ... n
(demand). This distribution is often used as a model for the number of events that are
independent of each other (such as the number of telephone calls at a business or in this case
the number of patients arriving) in a specific time period (Kulkarni, 1999).
The Poisson distribution is determined by one parameter, the arrival rate A. The distribution

-A.;r
function for the Poisson distribution is P(x) = _e__

x!
The values in table 5.1 will be A in the formula above.
Demand will be generated for 260 days (52 weeks*5 working days), which is one year. Since
for three protocols the A on Thursday is different, a macro is made in excel to generate
demand. With this macro different demands are generated easily. The macro is explained in
Appendix K.
The demand generated will enter the simulation model at time to + d i . From that moment of
time it is possible to have an intake meeting planned.
The values of dj are found in table 5.2.

d;
PRl 0
PR2 0
PR3 5

Table 5.2: Values ofd i (working days)

A comparison is made between the availability of the radiotherapist in figure 5.2, and the
demand in 2007 shown in figure 4.6. It showed that in the 3 weeks of minimum values for
availability of the radiotherapist, the demand also had 3 minimum values.
The demand for the simulation model is adjusted, by adjusting the value with a factor 0.7 (part
of the average of the real demand). For priority 1 and 2, this is done in the same weeks, since
dj = 0, but for priority 3 this is done in week 9, 31 and 44 because d i=5 (working days).
The extreme values of week 1 and 52 are not adjusted for the demand, since in week 2 and
week 51 the values are one of the few highest values for the demand. These values averaged
are comparable to the demand generated with the Poisson distribution.
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Important notes for the simulation model
o The demand and availability of radiotherapists is simulated per working day. This means

that if day 1 is a Monday, day 6 is also a Monday. The weekends are excluded. After
simulation, the results will be adjusted to days including weekends to generate the real
waiting time.

o In some weeks there were 4 working days instead of 5, due to public holidays. These
values per week will be simulated as if it were a 5 day working week.

5.2. 1.2 Simulation model in Enterprise Dynamics

In figure 5.3 the simulation model of the intake meetings modeled in Enterprise Dynamics can
be seen. In this paragraph the content of the simulation model will be explained. This
simulation results in showing the total waiting time before the intake meeting of the patient.
Two steps are of importance while making a simulation model, namely verification and
validation (Goossenaerts and Pels, 2008). Verification checks whether the simulation model
performs what is expected to. The process of this verification is explained in appendix L. The
validation is mainly described in the assumptions but will also be elaborated in the appendix.

First a general explanation of Enterprise Dynamics will be given followed by explanations of
the simulation model made.
The parts in the model are called atoms. There are 4 types of atoms namely the source, queue,
server and the sink (tutorial Enterprise Dynamics).
• Source: the function of this atom is to generate products into the model
• Queue: this atom is a waiting area for customers or products
• Server: the function of this atom is that of a machine or of a counter. Products entering a
server undergo a process and remain in this atom for a certain time (the process time)
• Sink: the products or customers leave the model through this atom.

•

· r~~!I:o··

Ifil',I::1 "I.I~J
t-

Figure 5.3: Simulation model for intake meetings

In appendix L a larger and more detailed figure is found, showing the connections between the
atoms.
In this model, the patients are generated in the source (l in figure 5.3). Patients are generated
in excel with a Poisson distribution as explained in the previous paragraph. The source in this
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model is an arrival list, which is a table with the arrival times and quantities. Data from excel
can be copied into this table.
The arrival times are the times from the moment the patient can have its intake (ti). In this
situation d j (delay) is already taken into account.
t j = to +d j

Each priority patient arrives into a queue. For queue PR I and PR2 (2 and 3), patients arrive
according the FIFO (First In, First Out) queue discipline. Patients of PR3 arrive randomly in
queue 3 (4), if this queue is set on FIFO, the sequence of the atoms will be used, so AT-PR3
patients will always get in front of BR-PR3 patients.
For priority 3 there are two queues. The first queue makes sure that patients are randomly in
the queue, the next queue makes sure that patients with the earliest arrival date are put in front.
Otherwise patients with a later arrival time can be put in front, which is not allowed.
Next there are two servers (6 and 7), one for PR1 and PR2 patients, and another one for PR3
patients. The server PR1PR2 will always prioritize PR1 patients followed by PR2 patients.
Server PR3 will first accept PR3 patients, since they are already known for at least 5 working
days (di = 5 for i=3) to the department. It will first handle the patients with the earliest arrival
time, and next patients that have arrived that day (Queue PR3-Random).
The servers have a constraint on the number of patients they can see per day. These constraints
are found in Table PRIPR2 and Table PR3 and are generated in 'Days_Intake' (5). These
constraints will vary per simulation which will be explained in the next paragraph.
Finally if the patients have had their intake, they will arrive in a sink atom. This sink atom (8)
will write down the type of patient, with its arrival day and intake day in an excel file (9), for
further analysis.
Further explanation about the model and the programming language used can be found in
appendix L.

5.2.1.3 Allocation methods

The control variable in the simulation is the available capacity per day for PR1PR2 and PR3
patients. This control variable is part of the input variable, which is the capacity availability
per week. There are many options on how to distribute the capacity per week over the PRIPR2
and PR3 slots per working day. These different distributions are the different allocation
methods, which will be described in this paragraph. The distributions are percentages (defined
per day and type) of the availability per week. Multiplying these percentages with the
availability of radiotherapists per week and rounding them, results in a number of intake slots
planned per day for PR1PR2 and PR3 patients. These results are generated in excel and copied
into the tables of the Enterprise Dynamics model.
Each allocation method will be simulated for 20 different demands to be able to give reliable
conclusions.

Allocation method 1 (81M 1): Current situation
To be able to compare the current situation with a new situation, the first step is to simulate the
current situation. The NP intake slots is used as the amount of intake slots for PR3 patients and
the ONP intake slots is used as the amount of PR1PR2 intake slots.
Data in table 4.9 shows how many intake slots are planned, and how many intake slots are
planned taking into account the absence of radiotherapist. The latter distribution will be used
to simulate the current situation. The numbers are converted to percentages.
In table 5.3, the current distribution is shown.
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SIM 1 PR1PR2 PRJ Total
Monday 4.37% 24.02% 28.39%
Tuesday 6.22% 8.02% 14.24%
Wednesday 5.09% 16.66% 21.75%
Thursday 6.55% 7.38% 13.93%
Friday 6.49% 15.20% 21.69%
Total 28.72% 71.28% 100.00%

Table 5.3: Allocation method 1, current situation

Allocation method 2 (81M 2): Monday - Thursday PR3
The second simulation only shows a difference in days. Since most referrals take place on a
Thursday and most intake meetings are now planned on a Monday for PR3 patients, these two
numbers are exchanged. This is a relatively easy organization change since the planning would
only have to change for the Monday and the Thursday.
SIM 2 PRIPR2 PR3 Total
Monday 4.37% 7.38% 11.75%
Tuesday 6.22% 8.02% 14.24%
Wednesday 5.09% 16.66% 21.75%
Thursday 6.55% 24.02% 30.57%
Friday 6.49% 15.20% 21.69%
Total 28.72% 71.28% 100.00%

Table 5.4: Allocation method 2, Monday - Thursday

Allocation method 3 (81M 3): Expected demand
After analyzing the demand, it is known what the expected demand per day is going to be.
This simulation has capacity divided over the week in the same way as the distribution of the

dd dd' kexpecte eman unng a wee
SIM3 PRIPR2 PRJ Total
Monday 5.83% 11.77% 17.61%
Tuesday 5.83% 11.77% 17.61%
Wednesday 5.83% 11.77% 17.61%
Thursday 8.27% 21.31% 29.58%
Friday 5.83% 11.77% 17.61%
Total 31.60% 68.40% 100.00%

Table 5.5: Allocation method 3, Expected demand

Allocation method 4 (81M 4): Expected demand with changed distribution of PRIPR2 and
PR3
The distribution over the two capacities PRIPR2 and PR3 is different in the current situation
compared to the expected demand. This simulation shows the same distribution over the days
as in simulation 3, but uses the distribution of PRIPR2 and PR3 as shown in the CUITent
situation.
SIM4 PRIPR2 PRJ Total
Monday 5.30% 12.27% 17.57%
Tuesday 5.30% 12.27% 17.57%
Wednesday 5.30% 12.27% 17.57%
Thursday 7.52% 22.21% 29.72%
Friday 5.30% 12.27% 17.57%
Total 28.72% 71.28% 100.00%

Table 5.6: Allocation method 4, Expected demand with changed distribution PR1PR2 and PR3

Allocation method 5 (81M 5):
This method focuses on increasing low capacity availability of radiotherapists in a certain
week. The same allocation method is used as in SIM 4.
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The following rules are used to determine in which weeks and in which amount increase of
intake slots is possible.
STEP 1: Depict weeks that have low capacity availability due to a 4 day working week

instead of a 5 day working week. Also depict weeks showing less than 40 intake
slots available per week.

STEP 2: Determine how capacity within a week can increase due to using another
allocation method.
For weeks having less than 40 intake slots available, determine if availability
can increase with a reasonable amount of intake slots.

STEP 3: Adjust the available capacity per week with changes made in above steps.

Executing above steps, results in de following decisions:
STEP 1: Week 15, 18 and 22 had a 4 day working week due to a free day on Monday.

Week 30 and 43 had less than 40 intake slots per week.
STEP 2: From analysis it is known that most intakes took place on a Monday. Only 72%

of the intake slots of that week were left. Exchanging the number of intake slots
of the minimum (Thursday) and maximum (Monday), results in 86%.
For week 30 and 43, (maximally 3 of the 9 radiotherapists is absent) of the
maximum number of intake slots is taken. This number is not chosen based on a
calculation, but based on the assumption that this should be possible.

STEP 3: The following adjustments are made:
SIMS Current (72%) New (86%)
Week 15 58 70
Week 18 47 56
Week 22 53 64

Current
"/3 of max.
intake slots

Week 30 37 52
Week 43 37 52

Table 5.7: Increase of intake slots per week

Allocation method 6 (81M 6):
The last allocation method increases intake slots availability for PR 1PR2 patients in certain
periods.
The following rules are used to determine which weeks need more PR 1PR2 intake slots.
STEP 1: Depict the weeks of the simulation results in SIM4 showing in at least 25% of

all demands a waiting time of more than 10 days for PR2 patients.
STEP 2: Exchange in the selected weeks per day a PR3 intake slot with a PR 12 intake

slot. This results in 5 extra PR 1PR2 intake slots and 5 less PR3 intake slots.
STEP 3: Adjust the availability in the simulation model

Executing above steps, results in de following decisions:
STEP 1:
o Weeks 20, 21, 22, 23, 24, 42, 43 and 51 showed in at least 5 demands (25%) a waiting

time longer than 10 days for PR2 patients.
STEP 2:
o Per day an extra intake slot for PR12 patients is created and PR3 intakes slots are

diminished by one per day.
STEP 3:
o The available slots per day are adjusted and allocation method SIM 4 is used for the

simulation.
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5.2.2 Simulation: Linae model
This paragraph will explain all parts that are needed for the simulation of the radiation
treatments. First the values that are needed for this model will be explained. Next the model
build in Enterprise Dynamics is explained. In the third paragraph different allocation methods
are described.

5.2.2. 1 Values for the linac model

After simulating the intake meetings, the results are needed in the second simulation model.
The time the patient can have its treatment on the linac is tl+dj. It is assumed that the CT scan
and the simulator take place on the same day as the intake meeting.
The values of dj can be found in table 5.8. The values are a fixed number of days that are
needed after the CT scan to make a radiation plan. These values are also found in table 4.3, all
data are the same except for prostate cancer patient.

d·
AT-PRI 0
AT-PR2 0
AT- PR3 0
BR- PR3 6
MA-PR3 5
PR-PR3 16
RE-PR3 4
OTHER-PR3 6

Intake of # of worldng days before
prostate patient treatment on Wednesday
Monday 7
Tuesday 6
Wednesday 5
Thursday 9
Friday 8
Average 35/5 =7
Table 5.9: days before urology

Table 5.8: dj

A prostate patient first has to be seen at the urology department to insert goldmarkers in the
prostate. This is done only once a week; on Wednesday morning.
After intake it takes on average 7 working days before the patient can be treated. Through an
interview with the administration time until urology appointment is calculated as can be seen
in table 5.9.
After urology, 5 working days are needed before the CT scan, and 4 working days are needed
to make the plan for radiation treatment after the CT scan. Adding these values, 16 working
days is the result.
The total process time on the Iinac and the total number of fractions needed are found in table
5.10. These values are rounded values from table 4.3.

Linac Fj Jij

AT-PRI 4 10
AT-PR2 3 10
AT- PR3 8 10
BR- PR3 17 14
MA-PR3 29 10
PR-PR3 35 14
RE-PR3 11 14
OTHER-PR3 21 10

Table 5.10: Fj and f.Jj
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Availability linac
From analysis it became clear that most linacs are exchangeable, except for linac 2. This linac
showed a low utilization rate (50.9%) because not all patients can be treated on this linac. To
determine the available minutes per day of the linacs on aggregate level, only half of the
available minutes of linac 2 will used.
This results in the following calculation:
o 4 linacs are exchangeable and can be fully used
o 1 linac can only be used by part of the patients, so half of its capacity per day will be used.

Normal opening hours: 495 minutes per linac
Total normal opening hours: 495*4 + 495/2 -72227 minutes available per day.
Extending opening hours: 570 minutes per linac
Total normal opening hours: 570*4 + 570/2 -72565 minutes available per day.

5.2.2.2 Simulation model in Enterprise Dynamics

The second simulation model is also made in Enterprise Dynamics. The model can be found in
figure 5.4.

0"'0
riP?

Figure 5.4: Simulation modelfor the Linac

In appendix N a more detailed figure is found, showing the connections between the atoms. As
explained in paragraph 5.2.1.1 verification and validation are two important aspects while
modeling a simulation model. This will also be discussed in the appendix.
In this model, the patients are generated in the source. Data are used from the results of the
intake simulation model. It is known when a patient type has his intake meeting. It can be
calculated at what time the patient is ready for his/her first radiation treatment (where tr is the
time when the patient can have its radiation treatment):
tr=t1+d j

Each priority patient arrives into a queue. All patients enter with a FIFO queue discipline. PR3
enter the queue with a sequence of the highest dj first (these patients are known to the
department the earliest). Each patient type gets Fj radiation treatments on a linac with duration
of /lj minutes. For every patient the first radiation treatment takes 5 minutes extra.
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Next there are two servers, 1 for PR1 and PR2 patients, and another one for PR3 patients.
Linac PRIPR2 will use the following sequence allowing patients for its treatments:
1st: PR1PR2 patients that have already started their radiation treatment.
2nd

: PRI patients for their first radiation treatment.
3rd

: PR2 patients for their first radiation treatment.
Linac PR3 will use the following sequence of treatments:
1Sl: PR3 patients that have already started their radiation treatment.
2nd

: PR3 patients for their first radiation treatment
3rd

: PR1PR2 patients that have already started their radiation treatment
4th: PR1 patients for their first radiation treatment.
5 th

: PR2 patients for their first radiation treatment.

It is assumed that PR1PR2 patients are always known later than PR3 patients. As can be seen
in table 5.6, almost all PR3 patients have a delay of at least 4 working days. But as explained
in the planning, PR1PR2 patients usually have all their radiation treatment planned on the day
of referral and not on the day of the intake. So PR1PR2 patients that have a waiting time of 4
days (or more) before their intake meeting are known earlier than a RE-PR3 patient.
Butfor the simulation, the assumption is made that a PR3 patient is always known earlier.

Per day the linacs have a certain number of minutes available per day which are generated in
'Days_Linac'. The extra queues in the model ensure that a patient will not get another
treatment on the same day, but waits until the next day.
Finally if the patients have had all their treatments, they will arrive in a sink atom. This sink
atom will write down the type of patient, the waiting time it had before the intake, the time the
patient was ready for its first radiation treatment, the time of his first radiation treatment and
the time of its last radiation treatment.
The exact programming language used in this model can be found in appendix N.

5.2.2.3 Allocation methods

The purpose of this simulation model is to find out if reserving capacity for PR1PR2 patients
has effect on the waiting time and in what kind of distribution this needs to be reserved. Also it
should find out when the maximum capacity is needed or if the normal capacity can fulfill the
demand.

After an interview with the paramedical manager, a suggestion was made to reserve 90
minutes for PR1 and PR2 patients in normal opening hours. This is 4% of the total minutes per
day.
The total minutes needed on the linac for PR1 and PR2 patients can be deduced from data of
2007 (see appendix G). This is done through the following formula:

~

!Pj x (Fj Xflj +5)
~ =6S6%
IPj X(Fj Xflj +5)
j=l

For simulating it is decided to have 3 situations simulated:
o reserving 0% for PR1PR2 patients on the linac
o reserving 4% for PR1PR2 patients on the linac
o reserving 7% for PR1PR2 patients on the linac
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6 Results simulation models

This chapter will discuss the results of the two simulation models. The first paragraph will
show the results of the intake model followed by the second paragraph showing the results of
the linac model. The last paragraph will give an overall conclusion of the total waiting time of
the simulation models.

6.1 Results simulation model for intake meetings
In paragraph 5.1.2.3, different allocation methods are described.
20 demands are generated so a reliable comparison between the interventions can be made. Per
demand 6 allocation methods are simulated.
As explained in the previous chapter, all simulations are done with working days. The results
in excel are converted to normal week days.
e.g. If a patient enters the simulation model on day 1 (Monday) and has its intake on day 6
(Monday), the days are converted to 1 and 8 (Monday).
The first method is to simulate the current situation. The second method is to switch the
Monday with the Thursday for PR3 patients. The third method reflects the expected demand.

In table 6.1 the results are shown in nonnal days (including weekends), so the real waiting
time is taken into account. In the table the waiting time (average and standard deviation) is
depicted. The data are averages of 20 demands over 52 weeks. The averages per demand can
be found in appendix O.
The last three rows show the average percentage of patients that have a waiting time longer
than 7 and 10 days. The percentages per demand can be found in appendix P.
In appendix Q, the maximum waiting time per simulation is shown. This is needed to
eventually detennine the total waiting time.
An important remark should be made about the PR3 patients. Their waiting time excluded the
5 working days (7 normal days) that are needed to request infonnation. So it shows the waiting
time from the moment the patient can have its intake.

SIM 1 AT-PRI AT-PR2 AT-PRJ BR-PR3 MA-PRJ Other-PIn PR-PR3 RE-PR3 B&I
AVERAGEWT 0.01 3.08 1.86 1.84 1.99 1.85 1.98 1.86 1.87
STDEVWT 0.02 0.68 0.34 0.32 0.38 0.30 0.30 0.32 0.32
PRIPR2 WT>7 9.81%
PRIPR2 WT>10 3.43%
PR3 WT>7 0.45%

SIM 2 AT-PRI AT-PR2 AT-PRJ BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
AVERAGEWT 0.01 3.01 1.53 1.52 1.44 1.47 1.45 1.44 1.47
STDEVWT 0.01 0.59 0.35 0.34 0.40 0.32 0.34 0.35 0.34
PR1PR2 WT>7 9.98%
PRIPR2 WT>10 3.50%
PR3 WT>7 0.15%

SIM 3 AT-PR1 AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&l
AVERAGEWT 0.01 2.38 2.18 2.15 2.18 2.12 2.17 2.12 2.15
STDEVWT 0.02 0.58 0.82 0.80 0.95 0.83 0.80 0.88 0.85
PRIPR2 WT>7 4.75%
PRIPR2 WT>10 1.05%
PR3 WT>7 2.01%

Table 6.1: Results ofsimulations with allocation method 1, 2 and 3.
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To see if the difference between the 3 allocation methods is significant, a paired-samples t test
is conducted. A paired-samples t test evaluates if the mean of the difference between two
variables is significantly different from zero. It is applicable to two types of studies, repeated
measures and matched-subjects design (Green and Salkind, 1997). In a repeated measure
design, an assessment is made on two occasions or under two conditions in one measure. In a
matched-subjects design, participants are paired and each participant in a pair is assessed once
on a measure. Both designs can be with or without an intervention.
The paired-samples t test in this situation is a repeated-measure design with an intervention.
A simulation is done with demand 1 and allocation method 1 (SIMI), the same demand is used
to get results with allocation method 2 (SIM2). For each protocol the average waiting time is
calculated. To see if there is a significance difference, there should be at least 15 samples to
get reliable p values, therefore 20 samples are used.
The data shown in appendix N (averages) is used to retrieve the p-value of the paired-samples
ttest.
The t test value is as follows:

I5 D Average of differences between pairs of observations

t = a D I a Standard deviation of the differences between pairs of observations

/ In n D Number of samples (20)

The p-value results from the t statistic and number of degrees of freedom. If the p-value is
below 0.06, this means that with 95% confidence a significant difference exists. The p-values
are generated in excel.

P-value AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 8&1
SIM 1 and SIM 2 0.33 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 1 and SIM 3 0.28 0.00 0.01 0.01 0.17 0.03 O.ll 0.04 0.05
SIM 2 and SIM 3 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 6.2: P-values

Results:
SIM 1 and SIM2:

SlM 1 and SIM 3:

SIM 2 and SIM 3:

A positive significant difference can be seen for the waiting time of PR3
patients. By just changing the Thursday with the Monday, the waiting
times are improved. For PR2 and PR1 there is no significant difference.
The performance for PR1 is already very high, as can be seen in table
6.1.
This comparison shows a significant difference for PR2 patient. This
means that by reserving more capacity for PR1PR2 and by reflecting the
demand, the waiting time decreases. For PR3 patients the waiting time
has increased as can be seen in table 6.1, but not significantly for MA
PR3 and PR-PR3 patients.
In all protocols a significant difference is found (except PR 1). For PR2
this is a positive difference but for all PR3 patients, it is a negative
difference.

With these results it became clear that the current distribution of PRIPR2 and PR3 capacity is
better for the waiting time of PR3, but worse for PR2 patients.
A new allocation method is considered. The same current distribution of PR1PR2 and PR3 is
used, but with the distribution per day that reflected the demand.
In table 6.3 the results are shown:
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SIM4 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
AVERAGE WT 0.02 3.08 1.35 1.33 1.28 1.26 1.29 1.28 1.31
STDEV WT 0.02 0.59 0.34 0.32 0.38 0.32 0.31 0.33 0.33
PRIPR2 WT>7 10.76%
PRIPR2 WT>10 3.48%
PR3 WT>7 0.05%

P-value AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
SIM 1 and SIM 4 0.35 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 2 and SIM 4 0.57 0.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 3 and SIM 4 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 6.3: Results ofsimulations with allocation method 4

Results:
SIM 1 and SIM 4:

SIM 2 and SIM 4:
SIM 3 and SIM 4:

A positive significant difference for all PR 3 patients. For PR2 and PRI
there is no significant difference. It shows that with the same number of
intake slots for PR1PR2 and PR3, a different distribution per day has
only effect on PR3 patients.
A positive significant difference for all PR 3 patients.
A negative significant difference for PR2 patients (less capacity IS

reserved), and a positive significant difference for PR3 patients.

The conclusion can be made that the best results are found in SIM 4 for PR3 patients. For PR2
patients SIM 3 is better since more capacity is reserved for PRIPR2 patients. But looking at
the PR2 patients with a waiting time above 10 days, these percentages are equal (3.50% and
3.48%). This is still too high, knowing that the NVRO norm is maximally 10 days.
Per simulation the waiting times are analysed in a graph, showing the days in waiting time on
the y-axe against the weeks in the x-axe. Per allocation method the graph shows the 20
demands simulated, these graphs can be found in appendix Q. It shows per simulation and per
demand that in certain periods the waiting time is much higher than in other periods.
Infigure 6.1, an example is shown of 1 demand, showing the 4 allocation methods.

700 -,--------"""""'----------.,..".,..--------,
Demand 1

-+-SIM 1

---- SIM 2
SIM 3

--SIM4

100

200 +----;

300 +----------1,

400 +-----------I[--''1--------!!o----------i

500

600 +---

13579111315171921232527293133353739414345474951

Figure 6.1: Graph ofdemand 1, showing 4 allocation methods

Significant differences were found using the different allocation methods, but the figure above
clearly shows that the number of waiting days in a certain referral week is almost the same for
all allocation methods.
The extremes are in the same periods (especially around week 20) where radiotherapists are
most absent.
Therefore the 5th allocation method is executed, using more capacity in certain periods.
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The results are shown in table 6.5.

SIM 5 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
AVERAGEWT 0.01 2.13 1.11 1.09 1.02 1.03 1.05 1.04 1.07
STDEVWT 0.02 0.46 0.34 0.32 0.38 0.32 0.32 0.34 0.34
PRIPR2 WT>7 4.60%
PRI PR2 WT> I0 1.19%
PR3 WT>7 0.03%
P-value AT-PRI AT-PR2 AT-PRJ BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
SIM I and SIM 5 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 2 and SIM 5 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 4 and SIM 5 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 6.5: Results ofsimulations with allocation method 5

Results:
SIM 1 and SIM 5:
SIM 2 and SIM 5:
SIM 4 and SIM 5:

All show a positive significant difference.
All show a positive significant difference (except for PR1).
All show a positive significant difference. This comparison affirms that
only a few weeks cause long waiting times for PR2 patients.

In appendix 0, it can be seen that in simulation 5, 4 out of the 20 demands have 2% of the PR2
patients with a waiting time higher than 10 days.

The last allocation method will show whether having during a certain period more intake slots
available for PR1PR2 patients, the waiting time will not get larger than 10 days. The results
are found in table 6.6.

SIM6 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
AVERAGEWT 0.01 1.61 1.47 1.48 1.42 1.42 1.44 1.40 1.42
STDEV WT 0.01 0.29 0.37 0.37 0.41 0.35 0.33 0.37 0.37
PRIPR2 WT>7 1.73%
PRIPR2 WT>IO 0.28%
PR3 WT>7 0.23%
P-value AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
SIM I and SIM 6 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 4 and SIM 6 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SIM 5 and SIM 6 0.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 6.6: Results ofsimulations with allocation method 6

Results:
SIMI and SIM 6:

SIM 4 and SIM 6:

SIM 5 and SIM 6:

For all patients there is a positive significant difference of the waiting
time.
For a PR2 patient there is a positive significant difference and for PR3
there is a negative significant difference.
For a PR2 patient there is a positive significant difference and for PR3
there is a negative significant difference.

On average 0.28% of the PR2 patients have a waiting time longer than 10 days. For the 1000
PR1 and PR2 patients, this means 3 patients should get an extra intake slot so their waiting
time does not exceed 10 days. The percentage of PR3 patients having a waiting time longer
than 7 days (14 days including requesting information) is still very small, namely 0.23%
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6.2 Results simulation model for linac
Results of allocation method 3 (SIM 3) and allocation method 4 (SIM 4) of the intake
meetings are used for the simulation model of the treatments on the linac.
Since allocation method 5 and 6 are variations of allocation method 4, it is chosen to use SIM
3 and 4 since their main difference is the distribution of PR1PR2 capacity.
Results of 5 demands are used, so per demand there are 6 simulations executed, namely the
results of simulation 3 and 4 with 3 allocation methods (0%, 4% and 7%)
The sink atom writes down the results of the simulation. The time of entering, the type, the
waiting time it had before the intake and the first and last radiation treatment. Knowing the
day of the last radiation treatment is not of importance to the waiting time, but will check
whether the throughput time correct. This means that a check is made that no patients will
have to wait during their treatments.

The first result shows that by using the information of the first and last radiation treatment, the
throughput time is equal to Fj . This means that in all 30 simulations, no patients have to wait
during their radiation treatments.

In appendix S, the results of the average waiting time per allocation method is shown. The
results of demand 1 are shown below.
Demand 1

SIM3 AT-PR1 AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3
%LINAC
PRIPR2

average WT 0% 0.58 0.70 0.06 0.D7 0.06 0.15 0.12 0.12
average WT 4% 0.01 0.37 0.12 0.12 0.11 0.21 0.21 0.19 56.08%
average WT 7% 0.00 0.D7 0.15 0.17 0.21 0.31 0.37 0.30 83.56%
SIM4
average WT 0% 0.18 1.37 0.05 0.03 0.05 0.09 0.15 0.07
average WT 4% 0.01 0.92 0.09 0.08 0.10 0.19 0.32 0.13 56.14%
average WT 7% 0.00 0.31 0.17 0.20 0.21 0.27 0.47 0.27 82.68%

Table 6. 7: Results of linac simulation

In each of the simulations reserving capacity results in a decrease of the waiting time for
PR1PR2 patients. The waiting time of PR3 patients increases only a little.
The results of simulation 4 (less capacity reserved for PR1PR2 patients) show that the waiting
time for PR IPR2 patients for the linac are higher than the waiting time in simulation 3. This
can imply that when the PR 1PR2 patients have their intake earlier (since more capacity is
reserved) in critical periods when many radiotherapists are absent, their waiting time for the
linac becomes even less.
The last colu mn shows the percentage that a PR1PR2 patient is treated in the reserved part.
When reserving 4% for PR1PR2 patients, on average 54% of all their radiations are done in
the reserved capacity for PRIPR2 patients. When reserving 7% on average 78% of all their
treatments are done in the reserved capacity.

The following rule is used to determine when enhanced capacity is needed:
STEP 1: Depict the weeks where a patient is ready for treatment but cannot be treated

straight away
STEP 2: Enhance the capacity in these weeks and the week following to the maximum

opening hours.
STEP 3: Adjust the availability in the simulation model and check the waiting times.

Demand 4 shows the highest number if waiting time days in a week. Above steps are executed
for this demand:
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To determine which weeks show waiting time of patients, graphs are made. On
the x axe the week that a patient enters (tr) the simulation model is shown, and
on the y-axe the number of waiting time days. The graph for demand 4 is found
infigure 6.2, the other demands are found in appendix T.
In this simulation waiting time occurs for patients entering in week 26-32, 41
and 42 for SIM 4-0%.

Demand 4
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Figure 6.2: Results of linac simulation per week

STEP 2:

STEP 3:

The linac capacity in week 26-32, 41, and 42 is enhanced with the maximum
opening hours. Also for the weeks following the capacity is enhanced, namely
week 33 and 43
Simulating with enhanced capacity resulted in only 4 patients (3 PR2 patients
and I PR3 patient) having to wait for one day. From the 3000 patients, this is a
very small percentage which can almost be negligible.

Executing the same steps for demand 1, showing the second highest number of waiting time
days in a week, resulted in none patients waiting for their treatments.
The conclusion can be made that for the other demands, all patients can get their radiation
treatment the same day when increasing the available minutes to the maximum.

The simulation is not executed for results of simulation 5 and simulation 6. The expectation
for simulation 5 is that intakes are more evenly distributed since more capacity is available in
critical periods and that also the linac treatment will be more evenly spread. For simulation 6,
the expectation is that, due to more reserved capacity in critical periods for PR 1PR2 patients,
their waiting time becomes shorter, which is comparable to simulation 3 (where more capacity
is reserved for PR1PR2 patients) and probably results in a shorter waiting time for the linac
with normal opening hours for PR1PR2 patients.
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6.3 Conclusion on the total waiting time after simulating
From simulating two situations it can be concluded that it is unavoidable to have waiting time
before intake meetings. First of all demand fluctuates and secondly the availability of
radiotherapists fluctuates even more.
Simulation 6 shows the best results for PR1PR2 patients as well as for PR3 patients. This
means that the current distribution of PR 1PR2 and PR3 patients can be used, but with an
allocation of the number of intakes available per day that reflects the demand. Due to this
different allocation, certain weeks can have more available intake slots per week when having
a four day working week. For the waiting time of the PRIPR2 patients it is important to
reserve more capacity in periods where more absence of radiotherapist is expected.
The waiting time for the tinac from the moment a patient can have its fust treatment can
become zero. Waiting time will occur when only normal opening hours are used, but when
having maximum opening hours, waiting time can be reduced to zero.
To see the correlation between total waiting time and waiting time before the first radiation
treatment, 5 graphs are made. These graphs are found in appendix U and represent 'SIM 4 
7%'. One of the graphs is shown below.

Waiting time demand 1
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350 ;---------

300 +-------------';---'-~.IL--------_1 ,------,

~ 250 +---- - _Ol_--'-- -1----..._-----1
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Figure 6.3: Graph showing the total waiting time and the waiting before the first treatment

Figure 6.3 shows how many days patients referred in a certain week have waiting time. A
distinction is made between the total waiting time (waiting time for intake and waiting time for
Hnac) and the waiting time for the Hnac. The highest peak in the total waiting time is due to
only waiting time before the intake meeting; these patients do not have to wait for their first
radiation. The second highest peak follows a few weeks later, mostly due to long waiting time
before the linac. Patients referred in these weeks do not have to wait much for their intake but
have to wait before their first radiation treatment. The graphs in the appendix also show an
increase of waiting time before the Hnac after a long waiting time before the intake meeting.
Notice that the actual shortage of minutes of the linacs are not in these weeks shown in the
graph, since this is the week where patients are referred, not where they are ready for their
radiation.

To calculate the total waiting time of the patients, the dj's and d/s should be taken into
account.
TW =dj + TWjntake + TWlinac + dj

TW Time between referral day and first radiation treatment
TWintake Result of 15t simulation model; the waiting time before intake meeting

including weekends
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Result of 2nd simulation model; the waiting time before first radiation
treatment including weekends
These values are in working days, so should be converted to include the
weekends

2% (average of simulation 6) of the PR2 patients have to wait longer than 7 days for their
intake. From the second simulation model it showed that radiation is possible straight away.
Since di and dj are both zero, the total waiting time is equal to the total waiting time until the
intake (TWintake). The waiting time for 98% of all patients is 7 days and for 2% this is larger.
Only 0.28% showed a waiting time of more than 10 days. When the administration can not
find an intake slot within 10 days, an extra intake slot should be planned.

Simulation 6 resulted that on average 0.23% PR3 patients have a waiting time longer than 7
days. In real life, this would be a waiting time longer than 14 days (including one week for
retrieving information of the patient).
dj is maximally 16 working days for prostate patients. Including the weekends this would
result in 22 days. For 99% these patients have a waiting time of maximally 36 days
(7+7(d j)+22).
Since the prostate patients are dependent of another department, their waiting times are not
taken into account in the waiting time registration.
From the other PR3 patients, the maximum dj value is 6 working days. Including weekends,
this becomes 8 days. In total this means that 99% of PR3 patients can maximally have a
waiting time of 22 days. Knowing that dj is not always 6 days, and that the intake also takes
place within 14 days, 22 days become a very acceptable waiting time taking into account
NVRO norms. Since 80% of the patients should have a waiting time within 21 days, it is
checked in simulation 6, how many patients have a waiting time longer than 6 days (this
should be below 20%). The results can be found in table 6.8, showing that 7.3% is the highest
value. This means that more than 80% of PR3 patients have a waiting time of maximum 21
days.

PR3: WTS6da s
Dl 3.58% D5 4.03% D9 0.42% D13 0.09% D17 1.85%
D2 6.10% D6 3.36% DlO 1.65% D14 3.36% D18 0.04%
D3 0.09% D7 0.22% Dll 0.18% D15 2.54% Dl9 5.80%
D4 4.50% D8 1.04% D12 1.57% D16 3.36% D20 7.30%

Table 6.8: WT larger than 6 days in simulation 6

In appendix Q it is found that the maximum waiting time of PR3 patients is 10 days, which
would maximally result in a waiting time of 25 days (7+ 10+8). This is beneath the 100%
waiting norm of 28 days.
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7. Conclusions and Recommendations
This chapter presents the conclusions, recommendations that are based on the analysis and
redesign. First the overall conclusions will be presented followed by the simulation models
and the results of these simulations.
The second paragraph is about the recommendations for the department and also
recommendations for further research will be presented.
Finally the feasibility of the recommendations made is discussed in the last paragraph,
implementations.

7.1 Conclusion

The research question 'How can the planning and scheduling strategy of the radiotherapy
department be improved to obtain better peiformance in waiting times?' defined in paragraph
3.3 will be answered in this paragraph.
From analysis could be concluded that the most important components of the waiting time can
be ascribed to the waiting time before the intake meeting and the waiting time before the first
radiation treatment. The preparation activities, CT scan and simulator showed a very low
utilization rate, which also affinns that these activities are a small fraction of the waiting time.

In chapter 5, two redesign questions are fonnulated:
o How can a different distribution of intake slots per day of the week make a difference in

the waiting time peiformance?
o Does reserving capacity for PRJ PR2 patients make a difference in the waiting time

peiformance ofpatients?
In chapter 5 and 6 the two models of intake meetings and radiation treatments and their results
are discussed. First the function of the two models will be explained followed by the
conclusion based on the different allocation methods.
Models:
o The model of the intake meetings simulates for a certain amount of time the waiting time

for the different categories of patients. There are two input variables, namely demand and
availability of intake slots per patient type (PRIPR2 and PR3 patients). With different
allocation methods a better way of distributing the intake slots per day can be found.

o The simulation model of the radiation treatment has as input variables the output of the
simulation model for the intake meetings, and also the availability of the linacs per patient
category (PRIPR2 and PR3 patients). With different allocation methods for the reservation
of PR 1PR2 capacity, the best solution can be found.

Conclusion ofsimulation
o In every simulation, PR1 almost always gets its treatments in 1 day. The results from the

simulations are of importance for PR2 and PR3.
o Simulating different allocating methods, it became clear that adjusting the availability per

day of intake slots that reflects the demand showed a significant improvement of the
waiting time for all patient types. Using the current distribution of PR 1PR2 and PR3
capacities, the best results were found for PR3 patients. Increasing the number of available
intake slots of a 4 day working week, showed a significant improvement for both PR2 and
PR3 patients. Lastly, reserving more capacity for PR 1PR2 patients in critical periods (high
absence of radiotherapist), resulted in a better perfonnance for PR2 patients, acceptable
according to the NVRO nOnTIs. PR3 patients' perfonnance was less good, but still
significantly better than the current situation.

o Reserving capacity for PRIPR2 patients on the linac showed an improvement of the
waiting time for PRIPR2 patients when having nonnal opening hours. Reserving 4% of
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the total available time, 54% of the radiation treatments for PRIPR2 patients could be
done on the reserved part. Reserving 7% resulted in 78% of the radiation treatments given
in the reserved part. When reserving 7%, and having in certain periods the maximum
opening hours, almost all patients could be treated straight away.
Besides this aspect, more work convenience on the linacs is an important aspect, as
radiographic technicians are more prepared for an urgent patient. At this moment patients
are fitted in while the radiographic technicians are not prepared.

o Norms of the NVRO are acceptable nonns and can be reached by the department. Only for
prostate patients these norms are not feasible. This is already known to the department and
is not taken into account in their waiting time registration.

7.2 Recommendations

7.2.1 Recommendations for the planning of radiotherapists and Iinacs
Radiotherapists:
o The planning of radiotherapists should be reorganized by emphasizing the demand pattern

during the week.
o The current distribution of NP and ONP slots should be kept the same. Reserving more

capacity as demand suggest, shows a significant longer waiting time for PR3 patients.
Most delay for PR2 patients occurs in periods when radiotherapists are absent. By
reserving more intake slot capacity in these periods, the delay of these patients should be
significantly lower.

o Adjustments should be made in the planning system. Absence (e.g. holiday) of
radiotherapists is predictable, so adjustment in periods should be made in advance.

o The simulation model is made on aggregate level, meaning all radiotherapists can see all
types of patients. By not assigning the patients with a radiotherapist straight away, but for
example at the end of a day, a better consideration can be made which patients can see
which radiotherapist (this is mainly for PR3 patients since PRI and PR2 are more urgent).

o Each radiotherapist has its own preferences of treating certain types of cancer. When
planning the radiotherapists, this should also be considered. A radiotherapist that treats
breast (MA) patients should have most of its intake slots planned on Thursday, since the
demand is much higher on this day.

Linacs:
o By reserving capacity for PRI and PR2 patients an improvement of the waiting time is

found in critical periods. Enhancing the capacity per day results in negligible waiting times
and the reservation can give the radiographic technicians more efficiency in their work
(less unexpected patients have to be treated on the linac).

o By reserving the expected amount of radiation treatments for PRI and PR2 (analysis
demand), the simulation showed that about 78% of all radiations can be performed in the
reserved places, resulting in a more efficient work flow.

o The reserved capacity on the linacs should be implemented in the planning system. A
patient of PRIor PR2 should get its radiation treatments in this reserved capacity.

o It is to a certain extent predictable when the possibility of having maximum opening hours
is higher. From simulation it became clear that after a period of high absence of
radiotherapists, the linac capacity should be enhanced. The planning should focus on these
periods so the planning system can be adjusted in time and the radiographic technicians
can be planned with different working hours.

Overall:
o Data should continuously be analysed to find out timely changes in the demand. If changes

occur, these should be implemented in the planning of the radiotherapists and linacs. Data
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are very well available on the department, and can be easily analysed in excel. A manual is
written to improve the analysis of the waiting time registration.

a If new data is achieved, another allocation method can easily be used in the current
simulation models.

a Prostate patients are not taken into account at the moment for the waiting time registration.
Their performance is not controlled at all. By setting an unofficial norm of 36 days
(explained in 6.3), the department should also check whether the waiting time of prostate
patients does not exceed the 'norm'.

7.2.2 Recommendations for further research
a Patients are analysed per protocol group and not by protocol. Assumptions are therefore

made on the total process of radiation treatments (duration, number of fractions etc.). If the
department is interested in the behaviour on protocol level, further analysis can be done in
Enterprise Dynamics. This is a good starting point for further elaboration.

a One of the assumptions in the redesign phase is that all patients have their simulator or CT
scan on the same day as the intake meeting. The department is working on this realisation.
Another research item can be to find out how the intake slots should be planned to realise a
best fit between intake and simulator/ CT-scan on the same day. By planning the intake in
the morning, the chance of having the CT scan the same day is higher than when the intake
takes place in the afternoon. Linear programming is a tool that can give a solution for this
problem.

a In the simulation, a fixed delay is included that is needed to make the radiation plan. This
delay only occurs when the patient is seen on the CT-scan. A research can be done how to
diminish these fixed delays to also diminish the waiting time. This is a combination of the
planning of radiotherapists and radiographic technicians. The radiotherapist should mark
the digital pictures where after the radiographic technician can start as fast as possible on
the planning of the radiation area. This planning has to be checked by the radiotherapist
before the patient gets its first radiation treatment.

a A delay that is outside control of the department is the planning request. Today, a standard
delay of one week is taken into account (for PR3 patients), to make sure all information is
available at the intake meeting. If information could be retrieved earlier, this will result in
a shorter waiting time for the patient.

a The radiographic technicians were outside the scope of this research. The department has
indicated that the radiographic technicians are very flexible, but they are essential in the
planning of the total process. Especially when opening hours of the linac are extended this
should be well organised.

a A new tool in the planning system showing the real waiting time of a patient should make
the work of the administration more structured when planning patients, in periods with
high work load a consideration can be made which patient should get its treatment before
another patient.
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8. Implementations
This paragraph will explain whether the redesign can be implemented. This is paragraph gives
an overview of thoughts of the radiotherapy department about the redesign.

Planning intake meetings according to the demand pattern:
The department has gradually improved the schedule the radiotherapists. It started with no
schedule, followed by making distinction between morning and afternoon activities. The last
schedule is introduced since two years and has developed until the CUlTent schedule. Since the
schedule is relatively new and also is the waiting time registration, no analysis is made of
demand patterns to improve waiting times of patients. With the insight of the redesign the
department is very positive in introducing the demand pattern in the schedule for intake slots.
Radiotherapists are hardly dependent of other departments (only in a few cases for IORT)
therefore they are very flexible in arranging their activities.

Reserving more capacity for PR2 patients in critical periods (high absence (~f

radiotherapists):
The department understands the recommendation made but thinks this is hard to realise for the
administration. Demand fluctuates between 50 and 70 patients per week. By reserving more
capacity in critical periods, the chance of having only a few PR2 patients is present, meaning
that more PR3 patients will have to wait longer and reserved capacity is not used. If there are
many PR2 patients in these critical periods, the administration will try its very best to plan
them anyhow, even outside the actual planned intake slots.

Reserving capacity on the linacs:
The department definitely wants to introduce this new phenomenon. They are confident that
this makes planning easier and also make work for radiographic technicians more efficient.
Probably this will be introduced at the end of the year. During the study of this master thesis, a
new linac is achieved by the department. At the end of 2008 the first patients should be treated
on this linac. With extra capacity it makes it easier to reserve capacity for PR1 and PR2
patients. A suggestion is made to reserve capacity in the morning for PRl patients, since they
usually arrive per ambulance in the morning. Capacity will not be reserved on only one linac,
to avoid radiographic technicians treating only PR2 patients.

54



@) CATHARI NA-HOSPITAL

References

Cayirli T. and Emre V. (2003), Outpatient scheduling in healthcare: A review of literature,
Production and Operations Management; 2003,12,4, p. 519-548

Fagerstrom L., Rainio A, Rauhala A and Nojonen K. (2000), Validation of a new method
for patient classification, the Oulu Patient Classification, Journal of Advanced Nursing, 2000,
31(2),481-490

Goossenaerts 1.B.M and Pels H. (2008), Methodology and Instruction Materials for the course
Simulation of operational processes, Eindhoven University of Technology, Department of
Technology Management, Subdepartment Information Systems, 2008, February

Green S.B. and Salkind N.J. (1997), Using SPSS for Windows and Macintosh, Analyzing and
Understanding Data, 3rd edition, Prentice Hall, New Jersey

Hall R.W. (2006), Patient Flow: Reducing Delay in Healthcare Delivery, Los Angeles,
Springer

Hendry C. and Walker A (2004) Priority setting in clinical nursing practice: literature review,
Journal ofAdvanced Nursing, 2004, 47(4), 427--436

Jun J. B., Jacobson S. H., and Swisher 1. R., "Application of discrete-event simulation in
health care clinics: A survey," Journal of the Operational Research Society, 1999,50(2), 109
123

Kulkarni V.G. (1999), Modeling, Analysis, Design, and Control of Stochastic Systems,
Springer-Verlag, New York

Montgomery D.C. and Runger G.c. (2003), Applied statistics and probability for engineers,
3rd edition, John Wiley & Sons, United States

Rijpkema J. (2001), Statgraphics voor Regulier Onderwijs, faculteit wiskunde en informatica,
Tchnische Universiteit Eindhoven

Vissers 1.M.H., Bertrand 1.W.M. and de Vries G (2001), A framework for production control
in health care organizations, Production Planning & Control, 2001, 12, 6, 591-604

de Vries G (1993), Patienten logistiek, Utrecht, De Tijdstroom

Website:
http://www.enterprisedynamics.com/files/tutorials/TutED7EN.zip (tutorials of simulation
model Enterprise Dynamics)

55



~ CATHARINA-HOSPITAL

Appendices

Appendix A: Organisational structure 57

Appendix B: Graphs of waiting time registration 58

Appendix C: Cause and effect diagram 59

Appendix D: Overview of all protocols 60

Appendix E: Analysis of number of referrals per day 63

Appendix F: Variance check of referrals per day 65

Appendix G: Calculation of utilization for CT, simulator and linacs 67

Appendix H: Overview of specialisation per radiotherapist.. 68

Appendix 1: Day of referral and time until intake 69

Appendix J: Explanation vector LI...H(tzmod7,Fj ,Wj) 71

Appendix K: Explanation macro in excel for generating demand 73

Appendix L: Simulation model for intake meetings 74

Appendix M: Examples of atoms 77

Appendix N: Simulation model for the Linac 78

Appendix 0: Averages simulation intake modeL 82

Appendix P: Percentages of waiting time of simulation intake model 84

Appendix Q: Maximum values of waiting time in simulation intake model 85

Appendix R: Total days in waiting time per referred week, per demand 87

Appendix S: Results simulation modellinac 88

Appendix T: Graphs, results simulation modellinac 89

Appendix U: Graphs of total waiting time and 'linac' waiting time 90

56



@) CATHARINA-HOSPITAL

Appendix A: Organisational structure

Management Team

iotherapist I Radiotherapist (2) Paramedical manager Head of Physics
(7)

Sub-Paramedical
-

manager

Secretary Quality Control

I
Head

Administration

I II Unit head linac
Employees Unit head 2,3, EPlD/IORTI Unit head linac Employees

Administration Preperation Brachy 5,6,7,8 Physics ( 17)
(19)

I I
Radiographic technicians (71 )

Rad

Explanation of the organisational structure:
Linac: Linear accelerator (for radiation treatment)
EPID: Electronic Portal Imaging Device
IORT: Intra Operatieve Radiotherapie (Radiation used during an operation)
Brachy: A radioactive source is placed inside or next to the area requiring treatment (inside the
body). Brachy is Greek for short, so brachy therapy is short distance therapy.

57



~ CATHARINA-HOSPITAL

6

15

12

9

3

o

Priori ty 1 - 2007

1/ \
J \ / V

70%

60%

50%

40%

30%

20%

10%

0%

100%

90%
8O~o

Priority 1 - 2006

1\
\

J "I 1\
1\ \

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

100%

1\ 1/

/ \ I
\ I

100%

Appendix B: Graphs of waiting time registration
Priority 1 - 2005

90%

80%

70"10

60%

50%

40%

30%

20%

10%

0%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

c: -al lii ....
~

c: :;
~ ~ ;:; ~ ~ c: -alIII c- .2 ...., III...., u. :::E <l: -- '"' 0 ...., u.

Priority 2 - 2005 - 100 100%

90 90%

80 80%

- 70 70%

60 60%

50 50%

40 40%

30 30%

20 20%

10 10%

0 0%
c: .0 lii .... >- c: "5 Cla-- > alIII Q) a- III ::l ...., ::l Q) '" ~...., u. :::E <l: ~ ...., <l: (/) 0 Cl

.... ls. >- c: :; g> ~ - >
~ ai -al lii ls. >- c: :; J ,~ ~

> 1Il<II III ::l 0 III ::l 0
:::E <l: :::E

...., ...., .... ", (5 Z ':::l ...., u. :::E <l: :::E ---, ....,
7' Cl

Priority 2 - 2006 - 100 100% PIiority 2 - 2007 100

90 90% 90

80 80% - / " /1\ 80
e- 70 70% 70

60 60% 60

50 50% 50

40 40% 40

30 30% 30

20 20% 20

10 10% 10
0 0% 0

c: .0 lii ls. >- c: :; Cl fjt- >
~

c: .0 lii ls. >. c: "5 Cl a- u ~ alIII Q) III ::l ...., ::l (/) 8 0 III Q) <II ::l ::l Q)...., u. :::E <l: :::E
....,

<l: Z ...., u. :::E c( :::E
...., ....,

<l: (/) 0 z Cl

200

180

160

140
120

100
80

60

40
20

o

Priority 3 2007-

~

\
7'.... / \

100%

90%
80%

70%

60%

50%
40%
30%

20%
10%
0%

200

180

160

140

120

100

80

60

40

20

o

Prio ·'t 3 2006ny - -

~
-4

I ....... \

100%

90%

80%

70%

60%

50%

40%

30%
20%

10%

0%

200

180

160

140

120

100

80

60

40

20

o

3 2005Pnonty - -

... .....
"I:

100%

90%

80%

70%

60%

50%
40%

30%
20%

10%

0%

58



Appendix C: Cause and effect diagram
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Appendix D: Overview of all protocols
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DISCIPLINE PATIENTS ITIME (IN MINUTES) IWEIGHTED AVERAGE IPROCEDURES
# % cum % fie CT SIM LINAC fraction # per week fractions # per week CT SIM LINAC # days between CT and RT

GENERAL
PRIORITY 1
ATl6 57 63.3% 63.3% f 25 10 5 4 3.56 2.85 0.00 17.81 7.13
ATl3 12 13.3% 76.7% f 25 10 1 1 0.15 0.15 0.00 3.75 1.50
ATl5 11 12.2% 88.9% f 25 10 5 4 0.69 0.55 0.00 3.44 1.38
Total weighted

~averal!e 4.40 3.55 0.00 25.00 10.00
GERNEAL

PRIORITY 2
Prioriteit 2
ATl3 321 39.2% 39.2% f 25 10 1 1 0.48 0.48 0.00 11.92 4.77
ATI6 212 25.9% 65.1% f 25 10 5 4 1.58 1.26 0.00 7.88 3.15
AT39 140 17.1% 82.2% f 25 10 5 4 1.04 0.83 0.00 5.20 2J18

Weighted
averal!e 3.09 2.57 0.00 25.00 10.00

GENERAL
PRIORITY 3
AT 13 67 20.9% 20.9% f 25 10 I 1 0.25 0.25 0.00 6.34 2.54

ATI6 61 19.1% 40.0% f 25 10 5 4 1.16 0.92 0.00 5.78 2.31

ATl9 50 15.6% 55.6% f 25 10 10 4 1.89 0.76 0.00 4.73 1.89
AT28 22 6.9% 62.5% f 25 10 25 5 2.08 0.42 0.00 2.08 0.83
AT39 22 6.9% 69.4% f 25 10 5 4 0.42 0.33 0.00 2.08 0.83

ATl5 17 5.3% 74.7% f 25 10 5 4 0.32 0.26 0.00 1.61 0.64
AT21 16 5.0% 79.7% f 25 10 15 5 0.91 0.30 0.00 1.52 0.61
AT32 9 2.8% 82.5% f 25 10 33 5 1.13 0.17 0.00 0.85 0.34

Weighted
averal!e 8.16 3.42 0.00 25.00 10.00
BRONCHUS

PRIORITY 3
BR23 83 36.6% 36.6% f 20 10 26 5 11.79 2.27 9.07 0.00 4.54 6
BR33 27 11.9% 48.5% f 20 10 13 4 1.92 0.59 2.95 0.00 1.48 -

BR07 22 9.7% 58.1% f 20 10 8 2 0.96 0.24 2.40 0.00 1.20 4
BR32 21 9.3% 67.4% f 15 45 3 2 0.34 0.23 1.72 0.00 5.16 -

BR08 17 7.5% 74.9% f 20 10 5 4 0.46 0.37 1.86 0.00 0.93 4
BR17 13 5.7% 80.6% f 20 60 15 20 5 1.42 0.36 1.42 4.26 1.07 6

Weighted
averal!e 16.90 4.05 19.43 4.26 14.37 Max #days: 6 days
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Appendix D (2): Overview of all protocols
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DISCIPLINE PATIENTS ITIME (IN MINUTES) IWEIGHTED AVERAGE IPROCEDURES
# % cum% fie CT SIM LINAC fraction # per week fractions # per week CT SIM LINAC # days between CT and RT

MAMMA
PRIORITY 3
MA47 248 35.8% 35.8% e 20 10 28 5 12.01 2.15 8.58 0.00 4.29 5
MA37 181 26.1% 61.9% e 20 10 33 5 10.33 1.57 6.26 0.00 3.13 5
MA50 57 8.2% 70.1% f 20 10 29 5 2.86 0.49 1.97 0.00 0.99 5
MA39 48 6.9% 77.1% f 45 15 25 5 2.08 0.42 0.00 3.74 1.25
MA40 44 6.3% 83.4% f 30 10 25 5 1.90 0.38 0.00 2.28 0.76
Weighted
average 29.19 5.00 16.82 6.02 10.42 5

PROSTATE-
PRIORITY 3
PR20 80 35.7% 35.7% f 20 15 35 5 15.38 2.20 8.79 0.00 6.59 4
PR21 58 25.9% 61.6% f 20 15 35 5 11.15 1.59 6.37 0.00 4.78 4
PR19 25 11.2% 72.8% f 20 10 35 5 4.81 0.69 2.75 0.00 1.37 4
PR25 19 8.5% 81.3% f 25 10 33 5 3.45 0.52 2.61 0.00 1.04 4
Weighted
average 34.79 5.00 20.52 0.00 13.79 4

RECTUM-
PRIORITY 3
RE15 156 67.2% 67.2% f 20 15 5 5 3.51 3.51 14.05 0.00 10.54 4
RE14 66 28.4% 95.7% f 25 10 25 5 7.43 1.49 7.43 0.00 2.97 4
Weighted
average 10.95 5.00 21.49 0.00 13.51 4
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Appendix 0 (3): Overview of all protocols
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DISCIPLINE PATIENTS ITIME (IN MINUTES) IWEIGHTED AVERAGE IPROCEDURES
# % cum% fie CT SIM LINAC fraction # per week fractions # per week CT SIM LINAC # days between CT and RT

OTHER
PRIORITY 3
BL08 23 7.8% 7.8% f 20 10 26 5 2.52 0.49 1.94 0.00 0.97 -

TE06 17 5.7% 13.5% f 25 10 10 5 0.72 0.36 0.00 1.79 0.72
DEll 16 5.4% 18.9% f 20 10 28 5 1.89 0.34 1.35 0.00 0.68 5
HE16 15 5.1% 24.0% f 20 30 10 30 5 1.90 0.32 1.27 1.90 0.63 -
LIOI 14 4.7% 28.7% e 30 10 18 4 1.06 0.24 0.00 1.77 0.59
BL09 12 4.1% 32.8% f 25 10 4 3 0.00 0.15 0.00 1.27 0.51
EL04 12 4.1% 36.8% e 25 10 30 5 1.52 0.25 0.00 1.27 0.51
OE13 11 3.7% 40.5% f 20 15 23 5 1.07 0.23 0.93 0.00 0.70 5
EN19 10 3.4% 43.9% f 20 10 23 5 0.97 0.21 0.84 0.00 0.42 -

GL03 10 3.4% 47.3% f 20 60 10 34 5 1.43 0.21 0.84 2.53 0.42 5
EN09 9 3.0% 50.3% f 30 10 27 5 1.03 0.19 0.00 1.14 0.38
EN13 7 2.4% 52.7% f 25 10 27 5 0.80 0.15 0.00 0.74 0.30
NH08 7 2.4% 55.1% f 30 10 2 2 0.06 0.06 0.00 0.89 0.30
AN04 6 2.0% 57.1% f 20 10 13 5 0.33 0.13 0.51 0.00 0.25 -

CE19 6 2.0% 59.1% f 30 10 28 5 0.71 0.13 0.76 0.00 0.25 3
GL09 6 2.0% 61.1% f 30 10 25 5 0.63 0.13 0.00 0.76 0.25
HE17 6 2.0% 63.2% f 20 30 10 6 3 0.15 0.08 0.51 0.76 0.25 -

NH09 6 2.0% 65.2% e 30 10 2 2 0.05 0.05 0.00 0.76 0.25
NHIO 6 2.0% 67.2% f 30 10 15 5 0.38 0.13 0.00 0.76 0.25
WD06 6 2.0% 69.3% f 20 10 30 5 0.76 0.13 0.51 0.00 0.25 6
AN03 5 1.7% 70.9% f 25 10 20 5 0.42 0.11 0.00 0.53 0.21
ELl 2 5 1.7% 72.6% e 25 10 30 5 0.63 0.11 0.00 0.53 0.21
KN21 5 1.7% 74.3% f 30 60 15 33 5 0.70 0.11 0.63 1.27 0.32 6
BT03 4 1.4% 75.7% f 20 10 1 1 0.02 0.02 0.00 0.34 0.17
EL06 4 1.4% 77.0% e 25 10 30 5 0.51 0.08 0.00 0.42 0.17
HE09 3 1.0% 78.0% f 20 30 10 25 5 0.32 0.06 0.25 0.38 n.n -

KN16 3 1.0% 79.1% f 20 80 10 30 5 0.38 0.06 0.25 1.01 0.13 6
NH03 3 1.0% 80.1% f 30 10 20 5 0.25 0.06 0.00 0.38 0.13
Weighted
averall.e 21.20 4.56 10.59 21.18 10.34 Max #days: 6 days
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Appendix E: Analysis of number of referrals per day
Assumptions underlying the t test are that the two comparable samples are normally distributed.
In these samples the normally distribution is violated (seen in statgraphics, a statistic program).
Still the t test may yield reasonable accurate p-values if the normally assumption is violated. In
applications with non normal populations, a sample size of 15 cases per group can yield fairly
accurate p values (Green and Salkind, 1997). In the samples used are minimally 48 cases
(weeks), so it can be assumed that the ttest gives accurate values.
Secondly the variances should be equal between the samples, if not, another calculation is made.
In the demand mostly the variances between the days are equal, but in some cases it is not. In
appendix F, the results of (in-) equality of variances are found. These results are generated in
statgraphics. When a significant difference was found between the variances within a group, the
day showing the most different standard deviation was deleted. Again the same test was done
until no significant differences were found. The day that caused significant difference is then
checked how it was related to the other days (appendix F). On the next page an overview is
given, where "+" denotes that the variances are equal and "-"denotes that there is significant
inequality.
The formulas in the table below are used to calculate the t-value (Montgomery and Runger,
2003).

t test - value with equal variances: t test - value with unequal variances:

t = IAverageA - AverageBj IAverageA - AverageBj
t=

S ~ 1 + 1 {SdJ2 {sd B )2
+P N

A
N

B ~ NA Nn
Where sp is the pooled estimate of the standard
population:

sp = ~
{N A -l)sd/ +{NB -l)sd/

N: Sample size
N A +NB -2 sd: standard deviation

Table 1: Formulas for t test

The p value of the t-test can be found in the last table of the next page.
If the p-value is smaller than 0.02, it can be concluded that with 99% confidence, the days have a
significant difference in the amount of referrals per day.
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Appendix E (2): Analysis of number of referrals per day
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AVERAGES MON TUE WED THU FRI
AT - PRl 0.33 0.31 0.35 0.37 0.44
AT - PR2 3.04 2.94 3.49 5.00 4.19
AT -PR3 1.21 1.24 1.24 1.16 1.35
BR -PR3 0.54 0.94 1.12 0.98 0.87
MA -PR3 1.65 1.16 1.84 6.71 2.04
Other - PR3 1.08 1.29 1.08 1.35 1.10
PR-PR3 0.52 0.71 0.82 1.75 0.40
RE - PR3 0.85 1.10 0.86 0.90 0.77
Brachy&IORT 1.10 1.00 1.18 1.27 1.13

STAND.DEV. MON TUE WED THU FRI
I(sd)
AT - PRl 0.56 0.41 0.45 0.47 0.47
AT - PR2 1.74 1.69 1.90 2.25 2.28
AT -PR3 1.17 1.01 1.10 1.24 1.20
BR -PR3 0.74 0.92 1.16 1.09 0.99
MA -PR3 1.72 1.16 1.53 2.59 1.36
Other - PR3 1.05 1.12 0.97 1.26 1.14
PR-PR3 0.68 0.74 0.97 1.45 0.48
RE - PR3 1.18 1.21 0.93 0.97 1.01
Brachv&IORT 1.19 1.22 1.26 1.22 1.03

# OF SAMPLES (N)
# Monday 48
# Tuesday 51
# Wednesday 51
# Thursday 51
# Friday 52
d.o.f. between 97 and 10 1

No significant difference between variance
Si nificant difference between variance

VARIANCE MON MON& MON MON TUE& TUE& TUE& WED WED THU&

CHECK &TUE WED &THU &FRI WED THU FRI &THU &FRI FRI
AT - PRl + + + + + + + + + +
AT - PR2 + + + + + + + + + +
AT-PR3 + + + + + + + + + +
BR -PR3 + - - + + + + + + +
MA -PR3 + + - + + - + - + -

Other - PR3 + + + + + + + + + +
PR-PR3 + - - + + - + - - -

RE· PR3 + + + + + + + + + +
Brachv&IORT + + + + + + + + + +

p S 0.01 =significant
difference, with 99%

confidence

MON MON& MON MON TUE& TUE& TUE& WED WED THU&
PVALUE &TUE WED &THU &FRI WED THU FRI &THU &FRI FRI
AT - PRl 0.87 0.86 0.72 0.38 0.74 0.61 0.31 0.86 0.46 0.56
AT - PR2 0.77 0.22 0.00 0.01 0.12 0.00 0.00 0.00 0.09 0.07
AT -PR3 0.90 0.90 0.83 0.56 1.00 0.72 0.61 0.73 0.62 0.42
BR -PR3 0.02 0.00 0.02 0.07 0.40 0.84 0.68 0.54 0.24 0.57
MA -PR3 0.10 0.55 0.00 0.21 0.01 0.00 0.00 0.00 0.49 0.00
Other - PR3 0.33 0.98 0.25 0.96 0.31 0.80 0.39 0.23 0.94 0.29
PR-PR3 0.21 0.07 0.00 0.37 0.49 0.00 0.03 0.00 0.01 0.00
RE - PR3 0.31 0.97 0.83 0.70 0.27 0.36 0.13 0.83 0.63 0.50
Brachv&IORT 0.67 0.76 0.48 0.88 0.47 0.26 0.55 0.69 0.85 0.53
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Appendix F: Variance check of referrals per day

Variance Check: AT-PRI
MON-FRI

Cochran's C test: 0.258627 P-Value =0.288841
Bartlett's test: 1.01483 P-Value =0.459666
Hartley's test: 1.60753
Levene's test: 0.362337 P-Value = 0.835295

The StatAdvisor

The four statistics displayed in this table test the
null hypothesis that the standard deviations within
each of the 5 columns are the same. Of pmticular
interest m'e the three P-values. Since the smallest
of the P-values is greater than or equal to 0.05,
there is not a statistically significant difference
amongst the standard deviations at the 95.0%
confidence level.

Variance Check: AT-PR3
MON-FRI

Cochran's C test: 0.230574 P-Value =0.968128
Bartlett's test: 1.01014 P-Value =0.647649
Hartley's test: 1.47927
Levene's test: 0.463534 P-Value = 0.762467

The StatAdvisor

The four statistics displayed in this table test the
null hypothesis that the standard deviations within
each of the 5 columns are the same. Of particulm'
interest are the three P-values. Since the smallest
of the P-values is greater than or equal to 0.05,
there is not a statistically significant difference
amongst the standard deviations at the 95.0%
confidence level.
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Variance Check: AT-PR2
MON-FRI

Cochran's C test: 0.265262 P-Value = 0.206126
Bartlett's test: 1.03542 P-Value = 0.0730162
Hartley's test: 1.87907
Levene's test: 1.84899 P-Value = 0.120052

The StatAdvisor

The four statistics displayed in this table test the null
hypothesis that the standard deviations within each of
the 5 columns are the same. Of particular interest are
the three P-values. Since the smallest of the P-values
is greater than or equal to 0.05, there is not a
statistically significant difference amongst the
standard deviations at the 95.0% confidence level.

Variance Check: BR-PR3
TUE-FRI

Cochran's C test: 0.320489 P-Value =0.227106
Bartlett's test: 1.02077 P-Value = 0.251055
Hartley's test: 1.69741
Levene's test: 1.87423 P-Value =0.135139

The StatAdvisor

The four statistics displayed in this table test the null
hypothesis that the standard deviations within each of
the 4 columns are the same. Of particular interest are
the three P-values. Since the smallest of the P-values
is greater than or equal to 0.05, there is not a
statistically significant difference amongst the
standm·d deviations at the 95.0% confidence level.

MON-TUE: No statistically significant difference
MON-WED: statistically significant difference
MON-THU: statistically significant difference
MON-FRI: No statistically significant difference
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Appendix F (2): Variance check of referrals per day

Variance Check: MA-PR3
MON,TUE,WED,FRI

Cochran's C test: 0.349179 P-Value = 0.0616239
Bartlett's test: 1.0393 P-Value =0.0558193
Hartley's test: 2.1507
Levene's test: 0.573424 P-Value = 0.633124

The StatAdvisor

The four statistics displayed in this table test the
null hypothesis that the standard deviations within
each of the 5 columns are the same. Of particular
interest are the three P-values. Since the smallest
of the P-values is greater than or equal to 0.05,
there is not a statistically significant difference
amongst the standard deviations at the 95.0%
confidence level.

THU-MON: statistically significant difference
THU-TUE: statistically significant difference
THU-WED: statistically significant difference
THU- FRI: statistically significant difference

Variance Check: PR-PR3
MON,TUE,FRI

Cochran's C test: 0.407667 P-Value = 0.270707
Bartlett's test: 1.01761 P-Value = 0.277951
Hartley's test: 1.57458
Levene's test: 1.46204 P-Value = 0.235091

The StatAdvisor

The four statistics displayed in this table test the
null hypothesis that the standard deviations within
each of the 3 columns are the same. Of particular
interest are the three P-values. Since the smallest
of the P-values is greater than or equal to 0.05,
there is not a statistically significant difference
amongst the standard deviations at the 95.0%
confidence level.

WED-MON: statistically significant difference
WED-TUE: No statistically significant difference
WED-THU: statistically signifIcant difference
WED-FRl: statistically significant difference
THU-MON: statistically significant difference
THU-TUE: statistically significant difference
THU-FRI: statistically significant difference
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Variance Check: Other-PR3
MON·FRI

Cochran's C test: 0.241211 P-Value =0.638081
Bartlett's test: 1.01212 P-Value =0.563921
Hartley's test: 1.44631
Levene's test: 0.343668 P-Value = 0.848288

The StatAdvisor

The four statistics displayed in this table test the null
hypothesis that the standard deviations within each of
the 5 columns are the same. Of particular interest are
the three P-values. Since the smallest of the P-values
is greater than or equal to 0.05, there is not a
statistically significant difference amongst the
standard deviations at the 95.0% confidence level.

Variance Check: RE-PR3
MON-FRI

Cochran's C test: 0.250535 P-Value = 0.424536
Bartlett's test: 1.02258 P-Value = 0.240414
Hartley's test: 1.67724
Levene's test: 0.625184 P-Value = 0.644955

The StatAdvisor

The four statistics displayed in this table test the null
hypothesis that the standard deviations within each of
the 5 columns are the same. Of particular interest are
the three P-values. Since the smallest of the P-values
is greater than or equal to 0.05, there is not a
statistically significant difference amongst the
standard deviations at the 95.0% confidence level.



Appendix G: Calculation of utilization for CT, simulator and linacs

S CATHARINA-HOSPITAL

Information:
Total teletherapy patients (2007):
workingdays:
# Iinaes:
Availability CT,SIM and Linae normal:
&la.i1abilitv Linae maximum:

3050 patients
255 days
5linaes
495 min
570 min

Priority Protocol average # L1NAC (in 5min Total proces time Total Linac CT Total CT SIM Total SIM
fractions min) extra for on L1NACS per (in min) (in min)

(i) (j) (F) (u) the first patient (min) CCTu) (SIMu)
PR 1 3% AT-PRl 100% 4.40 10.00 5 49.00 4483.50 0.00 25.00 2287.50
PR 2 31% AT-PR2 100% 3.09 10.00 5 35.92 33963.54 0.00 25.00 23637.50
PR 3 66% AT-PR3 16.10% 8.16 10.00 5 86.59 28063.51 0.00 25.00 8102.33

BR-PR3 11.40% 16.90 14.37 5 247.90 56889.35 19.43 4458.84 4.26 977.59
MA-PR3 34.80% 29.19 10.42 5 308.99 216453.24 16.82 11782.81 6.02 4217.15
PR-PR3 11.20% 34.79 13.79 5 484.81 109303.96 20.52 4626.36 0.00 0.00
RE-PR3 11.60% 10.95 13.51 5 152.88 35698.64 21.94 5123.17 0.00 0.00

Other-PR3 14.90% 21.20 10.34 5 224.23 67256.13 10.59 3176.33 21.18 6352.67

Results Linae:
552111 .87 minutes in 2007
2165.14 minutes per day
433.03 minutes per Iinae per day
87.47% utilization normal availability
75.96% utilization maximum availability

Results CT:
29167.50 minutes in 2007
114.38 minutes per day
23.11% utilization
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Results Simulator:
45574.74 minutes in 2007
178.72 minutes per day
36.11% utilization
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Appendix H: Overview of specialisation per radiotherapist

BR MA PR RE RE Brachy IORT Other Other Other Other Other
(REI5) (RE14) (EN,CE) (HE) (KN) (OE) (WD)

Radiotherapist 1 + + + + + +

Radiotherapist 2 + + + + + + + +

Radiotherapist 3 + + + + + + +

Radiotherapist 4 + + + + + + +

Radiotherapist 5 + + + + + + + +

Radiotherapist 6 + + + + + + + +

Radiotherapist 7 + + + + + + + + +

Radiotherapist 8 + + + + + +

Radiotherapist 9 + + + + + + +

70% of priority 3 teletherapy patients are BR, MA, PR and RE protocols, so almost
every radiotherapist can treat these patients.
In the protocols named 'Other', many protocols exist. These are abbreviated with the
group name of the protocol. Since this is not of importance for this research, no
further explanation is given on these names.
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Appendix I: Day of referral and time until intake
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Appendix I (2): Day of referral and time until intake

Priority 2, 2007: Day of referral and number of days until intake (weekends included)
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Appendix J: Explanation vector L1 ...H(t2mod7,Fj,Wj)

Example 1:
LI.. .. 19 (1,15,5)
tz =Monday
Fj = 15
Wj =5
Ilj =10 minutes
This treatment has 15 fractions in total, 5 times a week and starting on a Monday.
The vector is the following: (3h, 1,1,1,1,0,0,1,1,1,1,1,0,0,1,1,1,1,1).
Multiplying this vector with the process time Ilj, gives the following process shown in figure
1.
Notice that the first radiation treatment takes 5 minutes extra and that the last day of treatment
is on day 19.

14

12

10

o

r--

1. 2 3 4 S 61 7
8 9 10 II 12 13

1

14 IS 16 17 18 19 20 121

Moo Tue Wed Thu f-ri Sat Sun Moo Tue Wed Thu Fri Sal Sun Moo The Wed Thu Fri Sat SWI

IOTtmc. 011 Linac I

days

Figure 1: LJ.... J9 (1,15,5)

If tz = 36 and t = 44, it follows that:
L 44+1_36(36mod7,15,5), 36mod7 =36 -(5*7) =1 =Monday
~(36mod7,15,5)=1, multiplying this by 10 (Ilj), results in 10 minutes.

Example 2
L 1....ZI (3, 15,5)
tz =Monday
Fj =15
Wj =5
Ilj =10 minutes

This treatment has 15 fractions in total, 5 times a week but starting on a Wednesday.
The vector is the following: (3fz, 1,1,0,0,1,1,1,1,1,0,0,1,1,1,1,1,0,0,1,1).
Multiplying this vector with the process time Ilj, gives the following process shown in figure
2.
Notice that in this process, the last day of treatment is on day 21.
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Figure 2: L1....21 (3, 15,5)

If 12 =52 and t =56, it follows that:
L56+1-52(52mod7,15,5), 52mod7 =52 -(7*7) =3 =Wednesday
L5(36mod7,15,5) = 0, so no treatment takes place on day 56, since it is a Sunday.

Example 3
L1....19 (1, 9,3)
This treatment has 9 fractions in total, 3
times a week and starting on a Monday. The
total flow time is 19 days.
vector:
eh,0,1,0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1)
seefigure 3

L1....20 (1, 9,3)
This treatment has 9 fractions in total, 3
times a week and starting on a Wednesday.
The total flow time is 20 days.
vector:eh,0,1, 0,0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1)
see figure 3
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Figure 3: L1 ...19 (1, 9,3) and L1....20 (1, 9,3)
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Appendix K: Explanation macro in excel for generating demand
This appendix will explain part of the macro that is created in excel to generate demand for
the different types of patients per day according to a Poisson distribution.

A. is assigned to Thursdays of PR2 patients

Below all days explained above, all
Thursdays are generated, from 1.4 until
52.4

Data is copied and sorted in ascending
sequence, so the Thu is entered between
Wed and Fri.

1.1 is equal to week 1, day 1 (Monday).
This is generated until 52.5. All days are
generated except Thursday (no 1.4,2.4,3.4
etc.).

A. is assigned to Mon, Tue, Wed and Fri, in this case for PR2
patients.

Sheets("pr2").Select
Range("A2 ").Select
ActiveCell.FormulaR IC I = "1.1 "
Range("A3").Select
ActiveCell.FormulaRICI = "1.2"
Range("A4").Select
ActiveCell.FormulaR IC I = "1.3"
Range("A5").Select
ActiveCell.FormulaR ICI = "1.5"
Range("A6").Select
ActiveCell.FormulaRICI = "=R[-4]C+I" -~--:..--

Range("A6").Select
Selection.AutoFill Destination:=Range("A6:A209"), Type:=xIFillDefault
Range("A6:A209").Select
Range("A21 O").Select
ActiveCell.FormulaRICI = "1.4"
Range("A211 ").Select
ActiveCell.FormulaR ICI = "=R[-l]C+I"
Range(" A211 ").Select
Selection.AutoFill Destination:=Range("A211 :A261 If), Type:=xIFillDefault
Sheets("pr2").Select
Range("B2 ").Select
Application.Run "ATPVBAEN.xLA!Random", ActiveSheet.Range("$B$2"), 1,208_

,5, ,3.42
Sheets("pr2").Select

Range("B2").Select
Application.Run "ATPVBAEN.XLA !Random", ActiveSheet.Range("$B$21 0"), I, 52 _

,5, ,5
Sheets("pr2").Select
Range("A2:B2").Select
Range(Selection, Selection.End(xlDown)).Select
Selection.Copy
Range("A2").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False
Application.CutCopyMode = False
Selection.Sort Keyl :=Range("A2"), Orderl :=xIAscending, Header:=xIGuess, _

OrderCustom:=l, MatchCase:=False, Orientation:=xlTopToBottom,_
DataOption1:=xISortNormal

o The same structure is made for the MA and PR protocols.
o For the other protocols the same is done, except no distinction is made between Thursday

and the other days.
o Every time the macro is executed, new values of the Poisson distribution are generated.
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Appendix L: Simulation model for intake meetings
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Figure 1: Simulation model for intake meetings showing channels

In figure 1, the simulation model for intake meetings is shown with channels that connect the
atoms. There are input and outputchannels. Through lines between the input and output
channels, the atoms are connected. The queue for PR-3 patients (4) has 7 input channels. The
input strategy (in the parameters of the queue) is automatically set on 'any inputchannel' so
the queue automatically first takes the products from source AT-PR3, next from source BR
PR3 etc., unless it is specified differently (which is needed in this model, see explanation 4).

4DScript (4DS) is the programming language of Enterprise Dynamics. This language is used
to give 'patients' information and to write data to excel for further analysis.
Several abbreviations are found in the 4DScript which need extra explanation:
a 'c' refers to the current atom, where the statement is written on,
a 'i' refers to the involved atom, the one entering or leaving the current atom.
a do ( ): When several tasks need to be done, this function is used.
a Label([el],i) gives icon 'i' the name el.
a out(el,e2) refers to the atom connected to outputchannel el, of atom e2.
a openoutput(el) opens the general output of atom el (same holds for openinput)
a c1oseoutput(el) closes the general output of atom el(same holds for openinput)
a Dec(el {, e2}): el is decremented with e2. If e2 is omitted the default decrement value 1

is used.
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1. Source Arrival of patients:
The patient entering gets its name which is already specified in the atom. (e.g. AT-PR 1).
Patients get the label 'enter' so it is known when the patient entered. See appendix L for an
example of the atom 'Source'.
Trigger on Exit 4DS: doe

Name(i) := Name(c),
Label([enter], i) := Time
)

An open channel (First channel first): search, starting from the
first channel, and send to the first open channel found.
FIFO (First In First Out)
Any inputchannel

Queue discipline:
Input strategy:

2. QueuePRl
See appendix L for an example of the atom 'Queue'.
If there aren't enough intakes for PR 1 and PR2 patients left on a day but there are stiU places
left for PR3 patients, then the PRI patient can be send to the PR3server. This is explained in
the section 'Send to'.
Send to:

Queue discipline:
Input strategy:

3. QueuePR2
If there aren't enough intakes for PRI and PR2 patients left on a day but there are still places
left for PR3 patients, then the PR2 patient can be send to that server.
Send to: An open channel (First channel first): search, starting from the

first channel, and send to the first open channel found.
FIFO (First In First Out)
Any inputchannel

4. Queue PR3 - Random
Patients enter randomly (but per group, e.g. BR-PR3, the patients stay together). Just before
new patients arrive (the next day), the patients are send to the next queue. In the next queue
the patients enter FIFO (the same as in Queue PR1).
Queue discipline: Random
Input strategy: Any inputchannel
Trigger on Exit 4DS: if(

Label([enter] ,c)<time,
openinput(out(l ,c)),
closeinput(outO ,c))
)

5. Source: Days_Intake
See appendix L for an example of this atom.
This source generates the number of intakes per day. The source refers to the tables in the
model where aU the data of the number of intakes per day are specified.
The number of intakes per day is send to the server. These numbers are found in the second
column of the tables ( e.g. TabiePR1 PR2(input(c),2)). Data from the tables is send to server
through the second (Out(2, c)) or third channel (Out(3, c)) of this atom (depending on
whether it is for server PR1PR2 or PR3).
Inter-arrival time: 1
Trigger on Creation 4DS: doe

if(input(c)=271 ,stop),
Label([intake], Out(2, c)) := TabiePR1 PR2(input(c),2),
Label([intakeJ, Out(3, c)) := TablePR3(input(c),2),
)
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6. Server: Intake PRIPR2
See appendix L for an example of the atom 'Server'.
Patients get the label 'intakeday' so it is known on what day the intake took place. When a
patient is seen, the number of intake meetings available is decremented by I. If there are no
intake meetings left, the input is closed.
Trigger on Entry 4DS: do(

Label([intakeday], i) := time,
Dec(Label([intake], c»,
if(Label([intake], c) =0, CloseInput(c»
)

7. Server: Intake PR3
This atom is the same as atom 'Intake PRIPR2'.

8. Sink: Finished Intake
When a patient has finished its intake it arrives in a sink atom. All dates need to be written to
excel to be able to analyse the results.
Trigger on Entry 4DS: do(

ExcelTxWrite(Input(c), I, Name(i»,
ExceIWrite(Input(c), 2, Label([enter], i»,
ExceIWrite(Input(c), 3, Label([intakedag], i»,
ExceIWrite(Input(c), 4, Round(Label([intakedag], i»)

)
9. Excel
In this atom the .xls file needs to be selected where the infonnation will be written to.

Verification
The realisation of the model needed continuous verification before it finally modelled the
process that was designed in the conceptual model.
One of the mistakes was found in the queue for PR3 patients. This was set on random so not
the same type of patients would be the fust in the queue and therefore seen first. After
running the model it was found that the queue was continuously randomized, so patients with
an earlier referral date were placed at the back of the Queue. Therefore another queue had to
be made to ensure that patients were randomized per day.
Another important aspect which took quite some time was to ensure that patients arrived on a
Monday were also seen in the time slots of that Monday. By another setting of the table this
was eventually corrected.

Validation
An important aspect of the simulation is that the intake slots are planned at aggregate level,
which is not the case in the real situation. Since the largest group of patients can be seen by
all radiotherapists, this not a problem. Second, patients are known to the department on one
moment in time, this is also not the case in the real situation. By randomizing the patients, this
flaw is partially compensated. The randomization is per group, so all MA patients are coupled
together for example. This is not a strange phenomenon because patients are often referred by
an oncology meeting, where patients of the same type are referred.
Last remark made is that PRI patients are seen in the planned intake slots in the simulation,
but in real these patients are always seen straight away.
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Appendix M: Examples of atoms

Inter-arrival lime 1 Wi
dlTime till firsl product 0

B 11. Unlimiled ~Number of products

AlomN~e IAT-PA1

Icon f+

Nl.lITlber of arrivals 1260

NI.lITlber of labels 10

Aepeallime 11. No repeat

Atom Name

Icon

IDays-,ntake

Trigger on ex~ 1
Send to

Qk I;ancel 8PPly
Trigger on creation Ido! ~{input(c)=271.slopJ. Labe~[inlakel. 01.1I(2. ::.:oJ

2. Queue (Queue PR2)
Trigger on exit o

Queue PR2

AlomName IQueue PA2

Icon l~
JOlcon ] Basket 31
Show Conlents r

12. An open channel (F~st channel filsl): sedfch. :::.:J

Atom Name Iintake PR1PR2

Icon

3D Icon IMachine 31
Main color

Second color

iJSetup Time p. No setup time

Cycletime I 0_01 ... 1

Send 10 jl 8
Input strategy 11. Any inputchannel ::=OJ

Batch (8J

Batch Rule 18 in. 1 out(the first) 3 i

Trigger on entry j do(Label( lintakeday), i) ... It
Trigger on exit J ~;"',
Busy lime? r
MTTF [seconds) 0 ... Ii
MTTR 0 ~I

MCBF (cycles] 0 ;]
MTTR lor cycles 0 ::],

Qk r;;ancel 8Pply

Intake PR IPR2 .

6. Intake PRIPR2

~ll

...J
8pply

o

o

IAnI' inputchannel

IFilo (First In First Out)

110000

Trigger on el(it

Trigger on entry

Qk

Send to

Capady

Input strategy

Queue dscipline
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Appendix N: Simulation modef for the Linac
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Figure 1: Simulation model for radiation treatments showing channels

1. Source Arrival of patients:
Three extra labels are given to the patient per patient type. This is the waiting time (WT) of
the patient until now, Fj and /lj. Enter and the name is the same as in the simulation model for
intake meetings. In this example patient type AT-PRJ is shown (which has Fj=4 and Jli=lO).
Trigger on Exit 4DS: do(

Name(i) := Name(c),
Label([enter], i) := Time,
Label([Fj], i) := 4,
Label([MUj], i) := 10

)

2. Queue PRl and Queue PR2
lfthere aren't enough minutes left on Unac PR12 for PRJ and PR2 patients on a day but there
are still minutes left for PR3 patients, then the PRJ and PR2 patients can be send to LinacPR3.
This is explained in the section 'Send to'.
Send to: An open channel (First channel first): search, starting from the

first channel, and send to the first open channel found.
Queue discipline: FIFO (First In First Out)
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3. Queue PR3
Patients enter this queue in the sequence as specified in the model, the top channel is
connected to PR-PR3, so this patient will be the first patient in the queue.
Queue discipline: FIFO (First In First Out)
Input Strategy: Any inputchannel (it automatically takes the sequence assigned

to the atom).

4. Server: Linac PR12 and Linac PR3
These two servers keep track of several factors:
o When a patient gets its treatment, the minutes available are decremented by the minutes

the patients 'carries' with him (assigned in the source)
o For the simulation, the treatment itself will take no time, this is important for the

explanation of 7 and 8.
o If a new patient enters the server, a new label is made, namely 'Timesseen'. When the

patient is new, 5 extra minutes are used of the time available. Also the patient gets a new
label 1SI time, which gives the patient the time of its first radiation treatment.

o When enteIing, the label Timessees is increased by 1 (4DS = Inc).
o If there are less than 15 minutes left, the output closes. The number 15 is chosen since 15

minutes are needed at most in this server.
o After the patient has finished its treatment, it is checked how many times the patient has

had radiation treatments. If this is the same as Fj, the patient is send to 'Finished
Treatments".

o Only on LinacPR 12 data is written to excel, how many times a PR1 and PR2 patient gets
its treatment on the server LinacPR12 (since these patients can also go to LinacPR3).

Send to: if(
Label([TimesSeen], First(c)) = Label([Fj], First(c)), 1,2)

Trigger on Entry: do(
Dec(Label([linac], c),Label([MUj], i)),
if(Label([TimesSeen], i) = 0,

do(
Dec(Label([linac], c), 5),
Label([lsCtime], i) := Time)),

Inc(Label([TimesSeen], i)),
if(Label([linac], c) <= 14, CloseInput(c))
)

Only wIitten on Linac PRI2:
Trigger on exit: ExcelTxWrite(Input(c),7,Name(i))

5. Source: Days_Linac
See further explanation in appendix K, 5 (source: Days_Intake).
Inter-arrival time: 1
Trigger on Creation 4DS: do(

Label([linac], Out(2, c)) := TabiePR IPR2(input(c),2),
Label([linac], Out(3, c)) := TablePR3(input(c),2),
)
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Figure 2: Close-up ofsimulation model radiation treatments

6. Queues
Below the different queues after the Linac will be explained.

6.1 Queue 1
Patients that have had their radiation treatment on Linac PR12 will go to Queue 1. The
patients will stay in this queue until the next day, and then the patients will go to Queue 3.
Queue discipline: FIFO (First In First Out)

By atom name: if the atom name of the 1st atom in the queue
matches or([AT-PRl],[AT-PR2]) then send to channel 2 else 1.
FIFO (First In First Out)Queue discipline:

6.2 Queue 2
Patients that have had their radiation treatment on Linac PR3 will go to Queue 2. The patients
will stay in this queue until the next day. Dependent on the type of the patient, the patient will
go to Queue 3 or to Queue 4. Patients of PR 1 or PR2 will go to Queue 3 and patients of PR3
will go to Queue 4.
Send to:

6.3 Queue 3
All patients in this queue are either PR 1 or PR2 patients. First of all the patient will try to go
to Linac PRI2, if the patients can't be served, it will try to be served by Linac PR3.
Send to: An open channel (First channel first): search, starting from the

first channel, and send to the first open channel found.
Queue discipline: FIFO (First In First Out)

6.4 Queue 4
All patients in this queue are PR3 patients, and will all go back to Linac PR3.
Queue discipline: FIFO (First In First Out)

7. Time Schedule Availability
This time schedule availability atom is connected to 5 queues, namely Queue PRl, Queue
PR2, Queue PR3, Queue 3 and Queue 4. This function is connected to the control atom, where
'control output' is marked. So for all the queues connected to this time schedule, the output
channels are controlled. The time schedule availability atom is used to define a time schedule
for available and unavailable. This is will be repeated continuously. Below the time table can
be found:

Time Down=1
0 1
0.1 0
1 I
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On time 0.1 the output channels of the queues will open until 1, from that point the output
channel will be closed again.

8. Time Schedule Availability
This time schedule availability atom is connected to Queue I and Queue 2. The time table is
as follows:
Time Down=1
a 1
0.01 a
0.02 1
1 1
On time 0.01 the output channels of Queue 1 and Queue 2 will open until 1, from that point
the output channels will be closed again.

So on time 0.1 the patient enters a server and the patient arrives at time 0.1 in for example
Queue 1. The output channel won't open until 1.01 (next day). All patients in Queue 1 will
then go to Queue 3 which is open at time 1.1, and the patient can be served again. This shows
that patients can't be treated twice on the same day.

9. Sink: Finished Treatments
When a patient has finished its intake it anives in a sink atom. All dates need to be written to
excel to be able to analyse the results.
Trigger on Entry 4DS: dOe

ExceITxWrite(Input(c), 1, Name(i»,
ExceIWrite(Input(c), 2, Label([WT], i»,
ExceIWrite(Input(c), 3, Label([Enter], i»,
ExceIWrite(Input(c), 4, Label([ IsLtime], i»,
ExceIWrite(Input(c), 5, Time)

)
Verification
The most important verification that had to be made in this model was that patients would not
be treated several times per day. Several queues had to be modeled and also a time schedule
availability to ensure that patients are treated once per day.

Validation
The most important difference of this model is that patients are treated every day, despite the
fact that some might have a rest day. This is also explained in the assumptions.
Also this model has average of the total number of fractions per protocol group. In the real
situation there are several types of protocols within a group with different number of fractions
needed.
PR1 and PR2 patients are sometimes fitted in between two regular treatments (PR3 patients),
this was not possible to simulate. But by reserving capacity, this phenomenon will not occur
often anymore.
Lastly, the availability of linacs is on an aggregate level, meaning patients can be seen on
every linac. This is the case in the real situation since linacs are exchangeable. But the
department tries to plan the patient on the same linac so they get used to their own
radiographic technicians.
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Appendix 0: Averages simulation intake model
SlM 1 AT-PR1 AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&1
01 0.00 4.04 2.06 1.78 2.12 1.86 2.00 1.98 2.13
02 0.00 3.00 2.59 2.45 2.86 2.45 2.53 2.65 2.41
03 0.00 3.21 1.65 1.80 1.93 1.80 1.99 2.00 1.93
04 0.00 3.19 1.68 1.79 1.91 1.77 2.01 1.60 2.14
05 0.01 3.69 2.49 2.25 2.43 2.15 2.59 2.46 2.52
06 0.01 3.57 2.01 2.07 2.20 2.03 2.07 1.85 1.89
07 0.01 2.26 1.98 2.13 2.16 1.85 2.16 1.93 1.96
08 0.00 2.74 1.70 1.56 1.71 1.68 1.90 1.68 1.62
09 0.02 3.65 2.06 2.25 2.39 2.27 2.28 2.16 2.01
010 0.02 4.20 1.62 1.44 1.82 1.78 1.73 1.59 1.53
011 0.01 1.95 1.54 1.52 1.32 1.33 1.42 1.43 1.26
012 0.09 3.52 1.31 1.41 1.37 1.47 1.52 1.31 1.37
013 0.02 2.95 1.33 129 1.45 1.34 1.57 1.56 1.36
014 0.01 3.57 2.01 2.07 2.20 2.03 2.07 1.85 1.89
015 0.01 2.78 1.89 1.96 2.07 1.90 1.81 1.87 1.83
016 0.01 3.21 2.00 1.95 2.18 1.96 2.02 1.80 1.88
017 0.01 1.75 1.60 1.62 1.82 1.74 1.85 1.73 1.91
018 0.00 2.59 1.62 1.64 1.64 1.50 1.88 1.74 1.85
019 0.04 2.22 2.18 2.08 2.26 2.16 2.24 2.05 1.99
020 0.02 3.45 1.97 1.80 2.03 1.86 2.02 1.92 1.83

S1M2 AT-PR1 AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&1
01 0.00 3.88 1.71 1.55 1.60 1.55 1.65 1.60 1.82
02 0.00 3.31 2.30 2.19 2.43 2.19 223 2.45 2.21
03 0.00 3.22 1.45 1.55 1.51 1.49 1.44 1.48 1.50
04 0.00 2.75 1.08 1.41 1.27 1.25 1.22 1.19 1.58
05 0.01 380 2.10 1.79 1.92 1.76 1.85 2.01 2.04
06 0.01 3.33 1.79 1.93 1.72 1.70 1.73 1.49 1.62
07 0.01 2.38 1.71 1.77 1.63 1.58 1.75 1.50 1.63
08 0.00 2.70 1.39 1.22 1.00 1.29 1.14 1.24 1.07
09 0.02 3.53 1.65 1.90 1.78 1.86 1.86 1.73 1.72
010 0.02 3.79 1.46 1.24 1.44 1.48 122 1.46 1.19
011 0.01 1.98 1.04 1.11 0.84 0.88 0.90 0.98 1.03
012 0.02 3.31 1.08 1.00 0.89 1.19 1.24 0.92 1.03
013 0.02 3.11 1.08 1.09 0.90 1.07 0.99 1.02 0.92
014 0.01 3.33 1.79 1.93 1.72 1.70 1.74 1.49 1.62
015 0.01 2.95 1.59 1.63 1.41 1.43 1.27 1.43 1.41
016 0.01 2.76 1.70 1.78 1.59 1.60 1.58 1.38 1.50
017 0.01 1.87 1.27 1.17 1.09 1.15 1.15 126 1.23
018 0.00 2.95 1.17 1.21 1.03 1.03 1.17 1.20 1.29
019 0.04 2.11 1.62 1.59 1.54 1.65 1.42 1.50 1.60
020 0.02 3.15 1.62 1.28 1.49 1.51 1.52 1.52 1.31

SIM 3 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&1
01 0.00 2.76 2.37 2.20 2.39 2.27 2.41 2.29 2.44
02 0.00 1.86 3.81 362 4.10 3.78 3.62 3.91 3.58
D3 0.00 1.66 2.26 2.44 2.55 2.52 2.53 2.67 2.66
04 0.00 2.46 1.29 1.48 1.42 1.36 1.50 1.24 1.68
05 0.01 2.89 4.08 3.71 4.11 3.73 4.01 4.21 4.16
06 0.01 2.92 2.38 2.47 2.32 2.35 2.18 1.99 2.13
07 0.01 1.91 2.38 2.43 2.32 2.10 2.28 2.19 2.1l\
08 0.02 2.34 1.75 1.72 1.65 1.73 1.85 1.68 1.60
09 0.01 2.15 3.85 4.01 436 4.05 3.96 3.92 4.08
010 0.01 3.84 1.65 1.41 1.64 1.67 1.58 1.68 1.48
OIl 0.00 1.57 1.58 1.42 1.26 1.29 1.42 1.37 1.33
012 0.06 2.60 1.27 1.22 1.13 1.38 1.57 1.23 1.39
013 0.01 2.44 1.30 1.33 1.29 1.29 1.38 1.35 1.34
014 0.01 2.92 2.38 2.47 2.32 2.35 2.17 1.99 2.13
015 0.01 1.93 1.88 1.94 1.76 1.77 1.66 1.83 1.75
016 0.01 2.52 2.19 2.08 2.08 2.12 2.00 1.80 1.98
017 0.01 1.30 1.61 1.58 1.43 1.43 1.44 1.57 1.58
018 0.00 2.14 198 1.97 1.91 1.72 2.25 2.04 2.18
019 0.06 2.17 2.15 2.23 2.27 2.18 2.15 2.13 2.04
020 0.02 2.15 2.14 1.87 2.01 2.00 2.18 2.06 1.92
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Appendix 0 (2): Averages simulation intake model
SIM4 AT-PR1 AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&l
01 0.00 3.32 1.54 1.36 1.44 1.38 1.46 1.42 1.63
02 0.00 3.02 2.17 2.05 2.24 2.06 2.03 2.22 2.09
03 0.00 3.22 1.17 1.30 1.28 1.27 1.28 1.24 1.21
04 0.00 3.32 0.99 1.18 1.16 1.06 1.07 0.97 1.41
05 0.01 3.45 1.92 1.54 1.72 1.52 1.67 1.84 1.89
D6 0.01 3.28 1.62 1.68 1.55 1.51 1.52 1.35 1.43
D7 0.03 2.50 1.47 1.53 1.46 1.35 1.49 1.27 1.47
08 0.00 3.16 1.14 1.06 0.82 0.96 0.95 1.05 0.86
09 0.01 3.96 1.44 1.64 1.61 1.60 1.65 1.49 1.43
OlD 0.01 4.16 1.21 1.02 1.24 1.22 1.08 1.23 1.03
Dll 0.00 1.98 0.94 0.95 0.72 0.73 0.R6 0.89 0.89
D12 0.06 3.11 0.86 0.87 0.77 0.94 1.02 0.80 0.89
013 0.02 3.19 0.94 0.97 0.79 0.91 0.86 0.94 0.89
D14 0.01 3.28 1.62 1.68 1.55 1.51 1.52 1.35 1.43
015 0.01 3.01 1.41 1.45 1.26 1.26 1.11 1.30 1.24
016 0.01 3.15 1.58 1.59 1.48 1.43 1.43 1.27 1.39
017 0.01 1.79 1.12 1.13 1.01 1.08 1.03 1.16 1.20
018 0.00 3.03 1.02 1.03 0.88 0.79 1.02 1.06 1.13
019 0.06 2.13 1.42 1.38 1.40 1.41 1.36 1.42 1.45
020 0.05 3.57 1.45 1.09 1.29 1.19 1.33 1.37 1.20

SIM 5 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-Pin PR-PR3 RE-PR3 B&I
01 0.00 2.08 1.26 1.09 1.16 1.06 1.15 un 1.30
D2 0.00 3.02 2.17 2.05 2.24 2.06 2.03 2.22 2.09
03 0.00 2.33 0.88 1.04 0.96 0.98 0.96 0.96 0.98
04 0.00 2.56 0.82 1.01 0.95 0.86 0.85 0.86 1.18
os 0.01 2.37 1.47 1.25 1.28 1.20 1.29 1.43 1.55
06 0.01 2.61 1.30 1.33 1.15 1.17 1.17 1.02 1.09
D7 0.02 1.89 1.23 1.29 1.21 1.11 1.21 1.07 1.17
08 0.00 2.07 0.81 0.73 0.52 0.68 0.69 0.83 0.64
09 0.01 2.36 1.00 1.21 1.20 1.16 1.30 1.11 1.03
010 0.00 2.23 0.89 0.68 0.80 0.82 0.67 0.69 0.69
011 0.00 1.34 0.75 0.81 0.58 0.62 0.69 0.78 0.74
012 0.05 2.07 0.74 0.73 0.60 0.76 0.85 0.66 0.72
013 0.01 1.67 0.81 0.83 0.64 0.77 0.71 0.73 0.75
014 0.01 2.61 1.30 1.33 1.15 1.17 1.17 1.02 1.09
DIS 0.01 2.16 1.13 1.22 1.03 1.10 0.96 1.15 1.14
016 0.01 2.61 1.30 1.33 1.15 1.17 1.17 1.02 1.09
017 0.00 1.24 0.97 0.99 0.83 0.96 0.95 1.00 1.02
D18 0.00 2.05 0.82 0.84 0.60 0.54 0.72 0.77 0.81
019 0.04 1.52 1.33 1.27 1.29 1.26 1.24 1.31 1.33
020 0.05 1.86 1.30 0.82 1.09 1.04 1.14 1.16 1.06

SIM6 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&1
01 0.00 1.33 1.58 1.47 1.58 1.44 1.59 1.50 1.82
D2 0.00 1.46 2.19 2.06 2.33 2.09 1.96 2.29 2.09
03 0.00 2.16 1.24 1.39 1.39 1.49 1.47 1.45 1.37
04 0.00 1.95 1.09 1.47 1.32 1.34 1.30 1.09 1.63
os 0.01 1.41 2.12 1.83 1.96 1.79 2.06 2.14 2.23
06 0.00 1.66 1.66 1.90 1.61 1.67 1.54 1.44 1.43
07 0.02 1.48 1.60 1.66 1.54 1.38 1.55 1.41 1.49
08 0.00 1.57 1.15 1.00 0.77 0.93 0.95 1.08 0.86
09 0.01 1.56 1.39 1.67 1.62 1.48 1.70 1.50 1.47
OlD 0.00 1.55 1.18 0.97 1.10 1.15 0.96 1.03 0.97
011 0.00 1.20 0.89 0.91 0.69 0.73 0.83 0.86 0.89
012 0.01 1.66 1.00 0.88 0.84 1.06 1.14 0.R5 0.99
013 0.01 1.44 1.04 1.12 1.03 1.10 1.11 1.05 1.03
014 0.00 1.66 1.66 1.90 1.61 1.67 1.54 1.44 1.43
015 0.01 1.74 1.52 1.55 1.48 1.45 1.44 1.41 1.42
016 0.00 1.66 1.66 1.90 1.61 1.67 1.54 1.44 1.43
DI7 0.00 0.99 1.32 1.32 1.28 1.28 1.29 1.42 1.34
DI8 0.00 1.87 1.30 1.36 1.09 1.00 1.28 1.27 UO
D19 0.04 2.16 1.92 1.88 1.85 1.92 1.83 1.73 1.77
020 0.04 1.66 1.88 1.37 1.63 1.68 1.68 1.59 1.53
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Appendix P: Percentages of waiting time of simulation intake model
SIM 1 Dl D2 D3 D4 D5 D6 D7 D8 D9 DI0
PRIPR2 WT>7 21.08% 9.86% 9.69% 6.92% 17.74% 14.06% 2.43% 7.19% 15.28% 19.15%
PRIPR2 WT>10 9.09% 2.37% 4.19% 1.68% 6.24% 9.95% 0.37% 1.96% 4.00% 0.00%
PR3 WT>7 0.56% 1.65% 0.00% 0.09% 1.97% 0.27% 0.27% 0.48% 0.25% 0.62%

Dll D12 DI3 D14 D15 D16 D17 D18 DI9 D20
PRIPR2 WT>7 1.40% 10.06% 7.30% 14.05% 4.69% 12.96% 1.80% 5.96% 1.23% 13.42%
PRIPR2 WT>IO 0.09% 2.95% 2.25% 9.95% 0.75% 6.75% 0.28% 2.59% 0.00% 3.13%
PR3 WT>7 0.00% 0.13% 0.00% 0.27% 0.49% 0.27% 0.13% 0.00% 0.44% 1.12%

SIM2 Dl D2 D3 D4 D5 D6 D7 D8 D9 DIO
PRIPR2 WT>7 20.19% 10.71% 8.95% 3.64% 18.91% 14.32% 2.71% 7.29% 16.48% 18.39%
PRI PR2 WT> I0 9.08% 2.37% 4.47% 0.56% 6.30% 9.76% 0.56% 1.68% 4.20% 0.00%
PR3 WT>7 0.13% 0.78% 0.00% 0.00% 0.73% 0.00% 0.00% 0.00% 0.00% 0.22%

Dll DI2 Dl3 D14 DI5 D16 D17 D18 D19 D20
PRIPR2 WT>7 1.22% 10.15% 11.25% 14.32% 6.37% 11.77% 2.27% 7.40% 0.76% 12.54%
PRIPR2 WT>IO 0.47% 1.66% 4.12% 9.76% 1.50% 6.30% 0.19% 3.65% 0.00% 3.33%
PR3 WT>7 0.00% 0.13% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.95%

SIM3 Dl D2 D3 D4 D5 D6 D7 D8 D9 DIO
PRIPR2 WT>7 9.57% 2.56% 2.80% 1.68% 8.39% 12.59% 0.56% 4.11% 2.90% 16.68%
PR 1PR2 WT> 10 1.74% 0.28% 1.21% 0.56% 3.61% 4.20% 0.00% 0.56% 0.10% 0.00%
PR3 WT>7 1.47% 8.79% 3.21% 0.00% 11.78% 0.80% 0.13% 0.04% 8.52% 0.40%

Dll DI2 D13 DI4 DI5 D16 DI7 D18 DI9 D20
PRIPR2 WT>7 0.47% 1.48% 3.00% 12.59% 0.00% 10.13% 0.00% 4.32% 0.00% 1.18%
PR I PR2 WT> 10 0.00% 0.00% 0.37% 4.20% 0.00% 2.92% 0.00% 1.15% 0.00% 0.10%
PR3 WT>7 0.00% 0.63% 0.00% 0.80% 1.20% 0.27% 0.09% 0.00% 0.04% 2.03%

SIM4 Dl D2 D3 D4 D5 D6 D7 D8 D9 DIO
PRIPR2 WT>7 13.13% 7.39% 10.72% 11.21 % 14.52% 14.05% 3.37% 8.79% 18.28% 21.01%
PR IPR2 WT> 10 3.28% 1.04% 3.82% 3.46% 4.78% 8.21% 0.75% 2.80% 5.89% 0.00%
PR3 WT>7 0.00% 0.43% 0.00% 0.00% 0.43% 0.00% 0.00% 0.00% 0.00% 0.09%

Dll Dl2 Dl3 D14 D15 D16 D17 Dl8 D19 D20
PRIPR2 WT>7 1.50% 10.98% 14.71% 14.05% 8.25% 13.50% 2.94% 7.78% 0.76% 18.22%
PR 1PR2 WT> 10 0.00% 2.40% 3.94% 8.21% 2.06% 6.84% 0.38% 4.32% 0.00% 7.35%
PR3 WT>7 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

SIMS Dl D2 D3 D4 D5 D6 D7 D8 D9 DIO
PRIPR2 WT>7 4.35% 7.39% 5.31% 8.04% 5.07% 9.76% 2.71% 4.86% 5.00% 2.71%
PRIPR2 WT>IO 0.77% 1.04% 1.49% 1.87% 2.14% 3.47% 0.75% 0.56% 0.40% 0.54%
PR3 WT>7 0.00% 0.43% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.09%

Dll D12 D13 D15 D17 D18 D19 D20
PRIPR2 WT>7 0.28% 5.90% 0.19% 1.31 % 1.99% 4.51% 0.00% 3.13%
PR 1PR2 WT> 10 0.00% 0.92% 0.00% 0.00% 0.38% 1.73% 0.00% 0.78%
PR3 WT>7 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

SIM6 Dl D2 D3 D4 D5 D6 D7 D8 D9 DIO
PRIPR2 WT>7 0.00% 0.19% 5.59% 4.95% 1.07% 0.00% 1.68% 0.37% 3.10% 0.99%
PRIPR2 WT>IO 0.00% 0.00% 1.68% 0.19% 0.00% 0.00% 0.09% 0.00% 0.30% 0.09%
PR3 WT>7 0.13% 0.69% 0.00% 0.40% 0.77% 0.00% 0.00% 0.04% 0.00% 0.53%

Dll D12 DI3 DI4 Dl5 Dl6 D17 DI8 D19 D20
PRIPR2 WT>7 0.28% 2.03% 0.19% 0.00% 0.75% 0.00% 0.38% 4.51% 6.61 % 1.86%
PR1PR2 WT> 10 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.73% 1.32% 0.29%
PR3 WT>7 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.22% 0.78%
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Appendix Q: Maximum values of waiting time in simulation intake model
SIM 1 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
01 0 13 10 10 7 10 10 10 8
02 I 17 10 10 10 10 6 10 7
03 I IS 10 10 7 7 8 8 8
04 3 12 7 8 8 7 7 7 7
OS I l3 10 8 10 10 10 10 10
06 I IS 10 10 7 7 8 8 8
07 I II 7 8 7 7 7 7 10
08 0 12 8 7 8 10 10 10 7
09 I 13 7 7 7 8 8 8 8
010 0 12 8 8 10 8 10 II 11
Dll 1 II 7 7 7 7 7 7 7
012 0 13 7 7 7 7 7 7 8
013 1 13 6 6 6 5 5 6 6
014 0 17 7 7 7 7 6 7 7
DIS 1 II 10 7 10 10 8 8 7
016 I 14 10 10 7 7 8 8 8
017 1 11 7 7 7 7 7 10 10
Dl8 0 12 6 6 6 5 6 6 6
019 3 10 7 7 8 7 7 10 10
020 1 13 II 10 10 10 10 8 10

SIM2 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
DI 0 13 8 7 8 7 7 7 7
02 0 12 8 8 8 8 8 8 8
03 0 IS 6 7 7 6 7 6 7
04 0 II 7 7 7 6 6 6 7
OS I 14 10 7 8 8 8 8 8
06 I IS 7 7 7 7 7 7 7
07 1 12 7 7 7 7 7 7 7
08 0 12 7 6 7 7 7 7 7
09 I 13 7 6 7 7 7 7 7
010 I 14 7 8 7 10 6 10 8
011 I II 7 6 7 6 7 7 6
012 I 12 8 7 8 8 7 7 7
013 1 13 6 6 6 5 6 6 6
014 I IS 7 7 7 7 7 7 7
DIS I 12 7 7 7 7 7 7 7
016 I 14 7 7 7 7 7 7 7
017 I II 7 7 7 7 7 7 7
018 0 l3 6 6 6 6 6 6 6
Dl9 3 10 7 7 7 7 7 7 7
020 I l3 8 8 8 8 10 8 10

SIM3 AT-PRI AT-PR2 AT-PR3 BR-I'R3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
01 0 12 10 10 8 10 10 10 8
02 0 II 12 12 12 12 12 l3 13
03 0 12 II 12 12 II 10 12 12
04 0 II 7 7 7 7 7 7 7
OS I l3 13 12 13 12 12 12 12
06 1 13 10 10 10 7 10 10 10
07 I 8 8 8 7 7 7 7 10
08 2 12 8 7 7 7 7 7 7
09 I II 12 12 12 12 12 13 13
010 I 14 7 8 10 10 7 10 8
OIl 0 10 7 7 7 7 7 7 7
012 3 10 8 8 8 8 7 8 8
013 I II 7 7 6 6 6 6 6
014 1 13 10 10 10 7 10 10 10
DIS 1 7 10 8 10 10 10 8 10
016 I 12 10 10 10 7 7 8 8
Dl7 I 7 7 7 7 7 7 10 10
Dl8 0 11 7 6 6 6 6 6 6
019 3 7 7 7 7 7 7 7 8
020 I 11 II 10 II II II 9 II
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Appendix a (2): Maximum values of waiting time in simulation intake model
SIM4 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
DI 0 12 7 7 7 7 7 7 7
D2 0 11 8 8 10 7 7 8 8
D3 0 15 6 6 6 6 6 6 6
D4 0 14 7 6 6 6 6 6 6
D5 1 14 10 7 7 7 7 8 8
D6 1 14 7 7 7 7 7 7 7
D7 I 12 7 7 7 7 7 7 7
D8 0 14 7 6 7 6 6 7 6
D9 1 14 6 6 7 7 7 7 7
DI0 1 14 7 7 7 10 5 10 7
Dll 0 10 6 6 7 6 7 7 6
DI2 3 13 7 7 7 6 6 6 7
D13 I 14 6 6 6 5 5 5 6
DL4 1 14 7 7 7 7 7 7 7
D15 1 12 7 7 7 7 7 7 7
DI6 I 14 7 7 6 7 7 7 7
D17 1 11 7 6 6 6 6 6 7
DI8 0 14 6 6 5 5 5 5 5
D19 3 10 7 7 6 6 7 7 7
D20 3 15 7 7 7 7 7 7 7

SIMS AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&1
Dl 0 11 6 6 6 6 6 6 6
D2 0 11 8 8 10 7 7 8 8
D3 0 14 5 6 6 5 5 6 6
D4 0 13 6 6 6 6 6 5 6
D5 I 13 7 6 7 7 7 7 7
D6 I 13 6 6 6 6 6 6 6
D7 1 12 6 6 6 6 6 6 6
D8 0 12 7 6 7 6 6 7 6
D9 I 11 6 6 6 6 6 6 6
DI0 0 11 7 7 7 LO 5 10 7
Dll 0 10 5 6 6 5 6 6 6
D12 3 12 7 7 7 6 6 6 7
D13 I 8 5 5 5 4 5 5 5
DL4 I 13 6 6 6 6 6 6 6
DL5 L 10 6 6 6 6 7 7 6
D16 1 13 6 6 6 6 6 6 6
DI7 0 11 7 6 6 6 6 6 7
D18 0 12 5 5 4 4 4 4 5
D19 3 7 7 7 6 6 7 6 7
D20 3 11 7 7 7 7 7 7 7

SIM6 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 B&I
Dl 0 6 7 8 7 7 7 LO 7
D2 0 10 8 8 10 7 7 8 8
D3 0 14 6 7 7 6 6 6 6
D4 0 II 8 8 8 7 8 7 8
D5 I 10 10 7 10 8 8 8 8
D6 0 7 7 7 7 7 7 7 7
D7 1 11 7 6 7 6 6 6 7
D8 0 10 8 7 7 7 7 7 7
D9 1 11 6 6 7 7 7 7 7
D10 0 11 7 LO 10 10 6 10 8
D11 0 10 6 6 7 6 7 7 6
D12 1 LO 8 7 7 7 7 7 7
D13 1 8 7 7 6 6 5 6 6
DI4 0 7 7 7 7 7 7 7 7
DI5 1 8 7 7 7 7 7 7 7
D16 0 7 7 7 7 7 7 7 7
DI7 0 10 7 7 7 7 7 7 7
DI8 0 12 7 6 6 6 5 6 6
DI9 3 12 10 10 10 10 8 10 10
D20 3 11 8 8 8 10 10 8 10
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Appendix R: Total days in waiting time per referred week, per demand
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Appendix 5: Results simulation model linac

Demand 1

SIM3 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3
%LINAC
PRIPR2

average WT 0% 0.58 0.70 0.06 0.07 0.06 0.15 0.12 0.12
average WT 4% 0.Ql 0.37 0.12 0.12 0.11 0.21 0.21 0.19 56.08%
average WT 7% 0.00 0.07 0.15 0.17 0.21 0.31 0.37 0.30 83.56%
SIM4
average WT 0% 0.18 1.37 0.05 0.03 0.05 0.09 0.15 0.07
average WT 4% om 0.92 0.09 0.08 0.10 0.19 0.32 0.13 56.14%
average WT 7% 0.00 0.31 0.17 0.20 0.21 0.27 0.47 0.27 82.68%

Demand 2
SIM3 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 %LINAC

PRIPR2
average WT 0% 0.24 0.71 0.02 0.01 0.00 0.00 0.04 0.01
average WT 4% 0.04 0.43 0.11 0.07 0.06 0.03 0.08 0.08 52.83%
average WT 7% 0.00 0.03 0.21 0.19 0.16 0.20 0.23 0.15 74.55%
SIM4
average WT 0% 0.39 1.27 0.03 0.05 0.01 0.06 0.05 0.06
average WT 4% 0.05 1.01 0.12 0.16 0.08 0.12 0.16 0.13 53.69%
average WT 7% 0.02 0.34 0.33 0.33 0.23 0.29 0.41 0.35 76.48%

Demand 3
SIM3 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 %LINAC

PRIPR2
average WT 0% 0.24 0.22 0.03 0.00 0.01 0.02 0.04 0.00
average WT 4% 0.03 0.16 0.05 0.04 0.01 0.03 0.06 0.Ql 52.60%
average WT 7% 0.03 0.05 0.11 0.08 0.06 0.04 0.08 0.04 73.99%
SIM4
average WT 0% 0.32 0.92 0.05 0.03 0.01 0.06 0.04 0.03
average WT 4% 0.04 0.61 0.13 0.06 0.07 0.10 0.10 0.10 52.96%
average WT 7% 0.03 0.05 0.23 0.18 0.22 0.20 0.26 0.19 76.27%

Demand 4
SIM3 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 %LINAC

PRIPR2
average WT 0% 0.97 1.63 0.07 0.03 0.05 0.09 0.07 0.05
average WT 4% 0.18 1.09 0.17 0.10 0.11 0.16 0.15 0.17 53.45%
average WT 7% 0.10 0.37 0.23 0.19 0.19 0.27 0.22 0.32 77.26%
SIM4
average WT 0% 0.87 1.98 0.05 0.02 0.02 0.07 0.03 0.05
average WT 4% 0.20 1.48 0.11 0.06 0.11 0.15 0.08 0.16 53.54%
average WT 7% 0.11 0.66 0.28 0.17 0.18 0.21 0.22 0.28 76.56%

DemandS
SIM3 AT-PRI AT-PR2 AT-PR3 BR-PR3 MA-PR3 Other-PR3 PR-PR3 RE-PR3 %LINAC

PRIPR2
average WT 0% 0.05 0.19 0.01 0.04 0.00 0.00 0.01 0.02
average WT 4% 0.00 0.19 0.06 0.06 0.02 0.03 0.04 0.07 56.33%
average WT 7% 0.00 0.01 0.16 0.17 0.08 0.15 0.14 0.20 79.78%
SIM4
average WT 0% 0.28 1.22 0.04 0.03 0.02 0.02 0.03 0.07
average WT 4% 0.04 0.76 0.11 0.21 0.09 0.12 0.21 0.20 56.52%
average WT 7% 0.01 0.09 0.36 0.39 0.34 0.29 0.55 0.47 80.16%
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Demand 3

Appendix T: Graphs, results simulation modellinac
o Weeks represent the week where a patient is ready

for its first radiation treatment
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WaiLing lime demand 1
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Appendix U: Graphs of total waiting time and 'Iinac' waiting time 500
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