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Management Summary

This Master Thesis Project is conducted in the field of Health Care Logistics with a clinic
specialized in epilepsy and sleeping disorders, located in the south of The Netherlands.
Currently, as many other health care institutions, this organization also deals with long
waiting times in combination with increased emphasis on patient satisfaction and
requirements formulated by the government.
Especially at the department of Diagnosis and Treatment waiting times for both consultations
and examinations are often too long when compared to the "Treeknorm" which is a norm set
by the "Nederlandse Vereniging van Ziekenhuizen". After orientational analysis, which
embedded interviews, construction of a cause and effect diagram as well as personal
observations, a problem definition could be stated resulting in the following research
problem:

Design a planning policy for patient appointments (either consultations or examinations) for
the department of Diagnosis & Treatment of Kempenhaeghe, ensuring acceptable waiting
times
This was then divided into the following research questions:
Research Question 1
What can be done to reduce waiting times at the CSW department, especially for specialists
treating patients with a breath-related sleeping disorder?
Research Question 2
What can be done to reduce waiting times for (certain) examinations executed by the KNF?

Both research questions focus on different sub-departments within the department of
Diagnosis & Treatment: The sleeping disorder department (CSW) and the department of
Clinical Neurophysiology (KNF) respectively. For both research questions empirical and
qualitative analysis have been performed, validating and dissecting the problems.

From the analysis of the problem of long waiting times for consultations at the
department for sleeping disorders (research question I) the capacity available in terms of
minutes worked by the four specialists was compared to the capacity required by the patients
they have under treatment. In order to make the comparison, analytical models were
formulated in order to assess the capacity required and available. The available capacity was
obtained by looking at the number of minutes a specialist works per year. The required
capacity by patients was formulated in average required minutes of specialist capacity per
year, which depends on the average number of consultations a patient receives per year,
combined with the duration of these consultations and the length of stay of a patient in the
system. From this analysis the conclusion was drawn that 2 of the 4 specialists had an
overload of patients in their system, causing the difficulties with scheduling appointments for
consultations.
In order to improve the process, a simulation model was constructed in ARENA representing
the current situation of patient arrivals and their possible health care paths, which then was
used to assess various strategies for different aspects in order to assess whether they would
improve the current situation. The aspects for which various strategies will be compared are:
- Allocation method: The allocation of incoming patients to a specialist
- Additional capacity: The effect of additional capacity combined with a suitable allocation

method
- Length ofstay: The length of stay of a patient in a specialist's system, which consists of
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comparing the current situation with the "ideal health care path" (a standard
sequence of consultations and examinations), comparing variations in the time
between consultations and reducing the length of stay by reducing the number
of consultations with a specialist.

From the simulation results it became clear that choosing a suitable allocation method for
allocating patients to specialists had the largest impact on waiting times and utilization ( a
reduction of 93%).
Limitations and directions for further research for research question 1 are:
- The required capacity of OSAS patients is based on averages; the DVA Group mentioned
earlier will conduct further and more detailed research on this problem of long waiting times
for the Sleeping Disorder Department. They will further detail the required care for this type
of patients resulting in more insight in projected health care paths, enabling a more efficient
coordination of required and available capacity.
- The time between consultations is assumed to follow a triangular distribution. However, this
has not been statistically validated. More research should be done on an appropriate
distribution for the time between consultations.
- No assessment has been made of the nurse practitioner capacity. Naturally, if no medical
constraints form an obstacle to decrease the number of consultations with a specialist and
refer patients to the nurse practitioner, it is of vital interest that the nurse practitioner has
enough capacity to treat the patients with an acceptable waiting time for the patients and a
reasonable workload for the nurse practitioner.

For Research Question 2 (the issue of long waiting times for examinations conducted
by the KNF department) again analysis was conducted, validating and creating more insight
into the problem, discovering its actual causes and effects.
A comparison was made between the available capacity and the required capacity to fill
demand. The available capacity was considered per resource group (neurologist, lab
technician, secretary, clinical physics, and "afdelingshelpenden") at a monthly level. The
capacity required of each resource group to fulfil demand was defined by using the average
demand per month for each type of examination and multiplying that with the capacity used
per resource group per examination. This analysis showed that of the various resources
required to conduct an examination, the capacity of the lab technicians can be considered the
bottleneck resource; meaning that this is the most scarce resources and will be first to reach a
utilization of 100%.
In order to determine the best allocation of the resource capacities to examinations a
mathematical program was written which determines how to allocate the remaining capacity
of resources after demand has been exactly met by minimizing the overall weighed waiting
times. This tool enables the planner to assess how many examinations to plan per month of
each type of examination. However, question remains how often the tool should be used or in
other words: how frequently the planning should be updated.
In order to determine the most suitable update period in terms of waiting time, utilization and
stability of the system, a simulation was conducted in ARENA for four different update
periods: 1 month, 3 months, 6 months and 1 year.
Results for each update period can be seen in Figure 1, which shows that waiting times
increase non-linear as utilization increases and that both waiting times and utilization increase
when the duration of the update period increases.
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Figure 1: The average weighed utilization and waiting time for each update period

Combining the results from Figure 1 with the variation of the parameters per month (so the
amount of fluctuation) it can be concluded that an update period of 6 months is most suitable.
The limitations for this research question are:
- The planning made for the KNF examinations is a tactical planning per week, so this still
has to be translated in an operational planning. This will require more analysis on the capacity
available per day, coordination between the resources and the specific steps during an
examination and the involved resources per step.
- The analytical model uses an MlG/1 queue, which seems to represent the waiting times to
some extent, but not totally accurate. Playing with the parameters, such as process times and
productivity might increase the fit of the model.
- The decision making tool was made using the Excel Solver, which is known to not always
perform optimally. No analysis on the working of the model has been done in terms of
varying the settings for tolerance, maximum number of iterations or run-length. Further
research could include varying these settings or building the same type of tool in a different
program, for instance Visual Basic, in order to compare the outcomes and assess the validity
of the model. Although the solver at first sight appears to work appropriately, this is not data
based.
- An additional direction for further research could be the determination of the weighing
factor for the mathematical program. This factor indicates the relative importance of the
examination in respect to other examinations.

In addition to the limitations and directions for further research that were formulated
per research question some general limitations and further research possibilities as well as
some general recommendations apply to the whole project, including:
- The limitation that has the greatest impact on the whole project is the one of limited
knowledge on medical constraints. This makes it very difficult to formulate conclusions, since
it is always possible that a possible solution is unsuitable because of medical aspects.
- Since data was not always available or with missing parts, it might be that assumptions
made are not necessarily valid for this situation. Therefore data-collection and registration is a
very important aspect when assessing the performance of the processes, which should be
taken into account when designing a new patient registration system
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1. Introduction

This Master Thesis Report describes a project conducted in the field of health care logistics.
The organization in which the project was carried out is a clinic specialized in epilepsy and
sleeping disorders located in Heeze: Kempenhaeghe.
As many Health Care Organizations, Kempenhaeghe also deals with the issues related to long
waiting times and flexible planning. Although part of the waiting time is necessary or
sometimes even has a medical reason, waiting times are still longer than necessary
(Worthington, 1987). This is also expected to be the case at Kempenhaeghe. The increasing
costs of health care as well as the development of diagnostic-related groups (DRG) that define
health services as products are influencing the strategic role of operations planning and
control in health care delivery systems (Roth & Dierdonck, 1994). Especially coordination
between departments can play a large role in the utilization of the available capacity.
Therefore, health care institutions become more and more complex organizations, which
therefore require other practices and policies than previously. Was it about 50 years ago
customary for patients to arrive at a practice and wait for their tum, today this is not that
common anymore. Since health care institutions become increasingly large, specialised and
complex, their admission and planning systems have too. Long waiting lists and decreased
patient satisfaction have increased the need for research on these issues. Although waiting
lists are to some extent a necessary evil, in order to avoid idle time of consultants and
equipment, current waiting lists are longer than necessary for that purpose (Worthington,
1987), as is also to be expected for Kempenhaeghe.

The key difficulty of waiting lists in health care organizations is that due to the social
construction of the waiting list problem, translating research findings is unlikely to be
straightforward since at the root of the problem are professional power structures that require
political rather than technical solutions (Foote et aI., 2004). According to Vissers et ai. (2001)
waiting lists cannot be completely eliminated, rather we should aim at managing waiting lists,
i.e. defining acceptable waiting times per category of patients checking that expenditure levels
are such that these targets can be met, and taking action to keep the waiting lists within these
levels of performance.

When looking at health care organizations from an operations management perspective
often methods, models and applications are used that originate from production environments.
Although often well applicable, some differences between a manufacturing and a health care
environment should be taken into account in order to make the methods and models well
suited for the health care industry. For instance, emergencies in health care environments are
often really urgent; it is a matter of life or death whether the patient receives immediate care
or not. Although in production settings rush orders occur, the necessity is not as large as it is
in health care.

This thesis discusses various aspects of operations management with respect to capacity
planning in Health Care Organizations and especially Kempenhaeghe, aided by various
established models and theories. The structure of the Thesis Report follows the structure of
the business problem solving process, starting with a company description in order to create
insight into the setting of the problem (Chapter 2). In the third chapter, the research questions
that are to be answered at the end of the project will be defined (Chapter 3), before continuing
with the theoretical and practical contribution which is to be expected from the outcomes of
this project (Chapter 4). The following chapter will elaborate on the analysis done for both
research question(s) (Chapter 5). Then the redesign phase is addressed (Chapter 6), after
which the simulation results will be stated (Chapter 7). Finally, on the basis of the analysis
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and design phases, recommendations will be formulated which will provide an answer to the
research questions defined in Chapter 3 (Chapter 8). The report will lastly address the
limitations of the study and provide directions for further research (Chapter 9)
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2. Company Description

In this part, the organization in which the project takes place is described as well as the
department which is the focus of the Master Thesis Project. In addition, a brief description of
the patient process is given to give some insight in the parties involved in the process of the
diagnosis and treatment of a patient. However, this is a very brief description and will be
elaborated in Chapter 5.

2.1 Kempenhaeghe

Kempenhaeghe is a health care organization which is specialized in epilepsy and sleeping
disorders. Kempenhaeghe has locations in three different places in Noord-Brabant: Heeze,
Sterksel and Oosterhout and employs around 1100 people to facilitate 600 beds.
Kempenhaeghe diagnoses and treats patients with both epilepsy and sleeping disorders, but
also accommodates epilepsy patients and offers day activities for those patients.
For both patient care and academic research, Kempenhaeghe maintains close relationships
with other academic institutions, such as academic hospitals or diagnostic centres.
The mission of Kempenhaeghe is to have a strong patient focus by fulfilling patient demand
based on the individual needs of the patient with respect to treatment and attention. Their
service distinguishes itself by respect, carefulness, time and attention.

2.2 Delineation of the Project

To ensure that the project will have the suitable scope, a delineation of the project should be
made. In concordance with Marianne van Beers, it was already decided that the study is only
focused on the location in Heeze and then especially the department of Diagnosis &
Treatment, since this department comprises various departments which cope with
coordination problems. In addition, focus will be placed on the Department of Sleeping
Disorders (CSW) as well as the Department for Clinical Neurophysiology (KNF).

2.3 Department of Diagnosis & Treatment

This Master Thesis Project focuses on the department of Diagnosis and Treatment (Diagnose
& Behandeling, D&B) at the location in Heeze. This department consists of facilities for both
epilepsy patients and patients with sleeping disorders, the latter often receiving outpatient
care. The department of Diagnosis & Treatment consists of the CSW (Centrum voor Slaap- en
Waakstoomissen), an epilepsy outpatient clinic, the KNF (Klinische NeuroFysiologie) and
MRI department, which are responsible for most of the examinations, both inpatient and
outpatient and an "opnamecentrum" or "kliniek". The CSW performs some examinations for
their patients on an ambulatory basis, but all the examinations for the Epilepsy department are
performed by the KNF. The organizational structure for the department of Diagnosis &
Treatment can be seen in Appendix A.

3



2.4 Patient Process Description

Patients enter the department based on a referral of a General Practitioner (GP) or hospital, or
very rarely on own initiative. Kempenhaeghe decides on the basis of the referral to which
specialty the patient should be referred (either Epilepsy or Sleeping Disorders) and a first
consultation or intake with a specialist is planned. If on the basis of this first consultation a
diagnosis can be established, the treatment of the patient is established and executed.
However, often one or more examinations are required in order to establish a sound diagnosis.
The specialist makes a request for a certain examination, which is then executed, before
giving the patient the results in a repeat consultation (HC). If there is still no diagnosis, this
process continues until a sound diagnosis has been made, on the basis of which the treatment
of the patient can be defined and executed. During and/or after treatment, the patient keeps
visiting the specialist on a regular basis (every half or whole year or more frequent if
necessary) until it is decided that the patient can be either referred back to the GP or hospital
for further treatment of check-ups or can be declared fully recovered. Figure 2.2 graphically
depicts this general overview of the patient flow through the D&B department.

NO
I

YES

iagnosis
Possible?

YES Change in
Situation?

NO

NO

Figure 2.2: General patient flow through the D&B department for both epilepsy patients and patients with
sleeping disorders
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2.5 Description of the Capacity

Various resources can be distinguished within the organization, which can be divided in
resources required for the primary processes (such as specialists and beds) and resources that
are used in supporting processes, such as the finance or administration department. For this
project focus is placed on the resources concerned with the primary process.
In order to be able to fulfil the demand for health care, enough capacity of each resource
should be available. The specific resources required for the primary processes are: specialists,
lab technicians, nurses, beds and material for examinations (such as EEG electrodes). The
complexity of the processes within Kempenhaeghe is that they often use shared resources and
that the use of the resources is often requires much coordination. In order to assess whether
there is enough capacity available of each resource and whether the resources are coordinated,
analysis has to be conducted.
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3. Problem Definition

This chapter describes the process of defining the research question(s) this thesis aims to
answer. First, the initial assignment as defined by Kempenhaeghe will be addressed, before
continuing with the further detailing of the problem into the final research question(s)

3.1 Initial assignment

This research project was initiated by Lia de Ruijter and Marianne van Beers because they had
the feeling that the different departments that patients visit are uncoordinated and that waiting
times are longer than necessary. The purpose of this study is to gain more insight in the
relation between the coordination of departments and the resulting waiting times for patients.
Their main objective with this study is to create an understanding with the various parties
involved of the waiting lists at Kempenhaeghe and the aspects that influence the waiting
times. They want to gain more insight in the supply and demand at Kempenhaeghe and
suggestions for improvement of the planning and flexibility. A special request was to make the
situation and possible scenarios visible for various parties, such as specialists and KNF lab
technicians as to create more awareness and insight into the situation and the need for change.
In addition there is an already defined problem by Kempenhaeghe, which is related to specific
examination at the sleeping disorder department. For this problem, a solution has already been
formulated. It is desired that the difference between the old situation and the situation with the
implemented solution can be seen, preferably in a visual manner. In order to achieve this, an
initial proposal by Kempenhaeghe was created in which their initial assignment or questions
were defined:

- What is the extent of the reactive power that is required by Kempenhaeghe?
- Which factors determine the size of the reactive power available?
- Which strategies can ensure the right amount ofreactive power available?

With reactive power defined as: The ability to respond immediately to developments in the
relation between the health care provider and the patient. This initial assignment was taken as
a point of departure to do the preliminary analysis in order to define the research question(s).

3.2 Research Questions

After preliminary analysis, creating a cause and effect diagram and conducting several
orientation interviews (Appendix Band C, respectively), it became clear that the planning
practices and policies are the main problem at Kempenhaeghe with respect to the long waiting
lists. Especially the reservation of resources for specific examinations or departments
(epilepsy or sleeping disorders) is a problem for the flexibility of the planning. In addition,
after several conversations with the logistic planner, it became clear that the coupled
appointments (appointments required to take place sequentially) are causing a lot of delay and
thus this is especially taken into account with the research problem. Kempenhaeghe would
like to see the effect of decoupling the appointments. Therefore the research problem is
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divided into two parts: A general research problem and two focused research problems for the
two different departments.

Research Problem
Design a planning policy for patient appointments (either consultations or examinations) for
the department ofDiagnosis & Treatment ofKempenhaeghe, ensuring acceptable waiting
times:

Research Question 1
What can be done to reduce waiting times at the CSW department, especially for specialists
treating patients with a breath-related sleeping disorder?

Research Question 2
What can be done to reduce waiting times for (certain) examinations executed by the KNF?

For a more elaborated description of the process of deriving the research questions, refer to the
preceding research proposal (TeIgen, 2007).
In the following part of the thesis, it will be elaborated how answers are found to these
research questions based on empirical and qualitative analysis and redesign. Before continuing
with those aspects, both the practical and theoretical value of the thesis is discussed in Chapter
4.

7
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4. Contribution of the Master's Thesis

One of the requirements of a Master thesis (Project) is that it has to contribute to the
theoretical field the thesis is carried out in, as well as provide practical implications for the
company the project is carried out in. This is in line with the model of Verschuren &
Doorewaard (1999) as described in the research proposal written for this project (TeIgen,
2007). In the following, the contributions made by this thesis to both areas will be addressed.

4.1 Theoretical Contribution

Although there is already a large amount of academic literature available on a wide variety of
topics within the field of Health Care Logistics, there are still some areas not much attention
has been paid to. Much academic literature can be found on studies in operating rooms
(Vissers et aI., 2005) and blood banks (Bretthauer & Cote, 1998) for instance. However, not
much research has been done on third degree Health Care Organizations (the specialized
clinics). Specialized clinics differ from hospitals in the way that they often have chronic
patients that require long-term care, whereas hospitals see patients only for a certain procedure
after which they are immediately discharged. In addition, there is a large difference in the
variety within patient groups. For instance people who need cataract surgery are all rather
similar when it comes to their projected health care path and thus the predictability of their
resource use and length of stay in the system. In a specialized clinic on the other hand there is
a large difference on health care requirements for people within the same category. People
with a sleeping disorder can go through very different health care paths, varying from 2
consultations within four months to a length of stay of 8 years receiving over 20 consultations.
Furthermore, the problems in these types of clinic concern second type waiting time, instead
of first type waiting times, which is studied in most academic literature (Chao et aI., 2003).
First type waiting time refers to the time people spend waiting in the actual clinic when they
arrive for their appointment. Second type waiting time is the time that a patient has to wait
until there is an opening for his/her appointment, so the time between making the appointment
and the date the patient has the actual consultation or examination. The contribution of this
Master Thesis is therefore in the area of specialized clinics, dealing with second type waiting
time and creating more insight in the variation between patients. In addition it is assessed what
type of update period would be suitable for this type of situation (substantial variation and
scarce resources) For both problems as defined in Chapter 3, analytical models will be
formulated that could also be applied in other health care organizations that encounter the
same difficulties. In addition, established theoretical models will be applied (whether or not
adjusted) to describe and model the situation at Kempenhaeghe.

4.2 Practical Contribution

Naturally, the project also should have an added value for Kempenhaeghe by finding a
solution to their problem by giving practical recommendations to improve processes within
the organization. The contribution to practice, and thus to Kempenhaeghe is creating insight in

8
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their processes by verifying people's feelings on problems with the analysis of data, showing
them that they are either right or wrong and why.
This means mapping patient behavior (in terms of length of stay, required capacity, etc.), but
also mapping the current processes at Kempenhaeghe. By using discrete event simulation to
show current processes, these become visually available, which is likely to increase
understanding. Discrete event simulation allows for the comparison of various strategies
without actually making the changes, so it is a cost-effective (both in terms of money and
effort) method for choosing the best strategy (Ledlow et aI., 1999). By running alternative
strategies people might be more willing to change when they see the positive effect of the
changes made in the simulation. These are the first steps of improving processes within the
organization. After this project, Kempenhaeghe will be able to use the simulation models to,
for instance, compare various strategies, assess the effect of possible trends in demand, or see
the effect of additional capacity.
The practical contribution can be summarized by a set of deliverables that is the result of this
project, in short: Simulation models for both the processes at the sleeping disorder department
and the KNF examinations, a decision making model for deciding the amount of examinations
of each type to be planned.
With the simulation model for the sleeping disorder department, various strategies with
respect to patient allocation, additional capacity and varying the length of stay of patients will
be assessed. The decision making model, which is a tool in excel will also be used to
determine a suitable period after which the planning should be updated. In addition, an extra
simulation model is created which attempts to give a more flexible representation of the
situation; this simulation model is merely meant for Kempenhaeghe in order to assess various
strategies and effects and thus will not be described elaborately in this thesis report.
All simulation models can also be used by Kempenhaeghe to assess additional scenarios not
addressed in this project and investigate the effect of changes in external variables, such as
demand, unavailable employee capacity and percentage of no-shows.

9
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5. Analysis

In the analysis phase, the two research problems are further elaborated based on empirical and
qualitative analysis. The problems are validated and some parameters will be calculated. This
will serve as the basis for the design phase, in which possible solutions for the problems will
be developed. The analysis phase is conducted separately for both problems, since they deal
with separate issues at Kempenhaeghe. First, the analysis for research question 1 on the
Sleeping disorder department will be executed, before continuing with the research question
on the examinations at the KNF.

5.1 Analysis for Research Question 1

The symptom of the long waiting times for consultations at the CSW department is the
difficulty in planning the consultations with the specialists for discussing the results of a
certain examination (a polygraph, either a polymesam or micromesam), which are better
known as CCP's or CC's (abbreviations are unknown). The examinations are mostly used for
patients who suffer from a breath-related sleeping disorder and are classified with a health
care request: "Patients with snore and breath-related sleeping problems" (Health Care Request
Code (HCRC) # 10). These patients can also be referred to as OSAS (Obstructive Sleep and
Apneu Syndrom) patients. Only one expert specialist (K.Schreuder= B) in the specific area of
breath-related sleeping disorders is currently employed at Kempenhaeghe. Since he is not able
to fulfill demand on his own, many patients suffering from a breath-related sleeping problem
are referred to general sleep-specialists, which therefore spend most of their time treating this
class of patients, whereas they were intended to evenly distribute their available time over the
various sleeping disorders (such as insomnia or neurological problems). Three general sleep
specialists (K.Vleer= D, N. Vandenbussche= C) are employed by Kempenhaeghe, one of
which is a Physician Assistant (N.Duis= A). Currently, a policy of reserving specialist
capacity for certain consultations is used, which allows for only a certain amount of a certain
type of consultation per week, depending on the specialist. In other words, capacity is reserved
for each type of consultation in the form of timeslots allocated to a certain type of
consultation. For instance, a lC (first consultation) can be planned on Thursday from 9.00 till
10.00, but not from 10.00 to 11.00 since this time slot is reserved for two repeat consultations
(HC).
After further inquiries it became clear that the problem was not necessarily the difficulty in
planning a CCP or CC on the subsequent day of the polygraph, but it was the difficulty of
planning a consultation in general, which results in long waiting times, especially visible for
first consultations and CCP consultations. In order to get more insight into the problem, both
demand and supply need to be examined.
However, before starting the actual analysis of the problem, the problem is first validated
based on the current waiting times and the standard for acceptable waiting times.
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5.1.1 Validation

In order to validate whether waItmg times are too long, the waItmg times for first
consultations are analyzed. The choice for the analysis of the first consultations was made,
because that waiting time can be most accurately calculated by looking at the difference
between the referral date and the date of the first consultation. For other consultations, such as
repeating consultations (HC) this is much more difficult, since the waiting time cannot be
obtained from the data, since the "invoerdatum" of the appointment is rather random and the
time between two consultations is not necessarily the waiting time, since an HC needs to take
place a certain amount of time after the previous consultation, which is to be determined by
the specialist. In Figure 5.1 the waiting time for first consultations over the past two years
(since 1-1-2005) is depicted. It can be seen that there is not a significant increase or decrease
in waiting times, but that there is a lot of variation in waiting times, which diminishes over
time.

Waiting Time 2003-2007

30.0

25.0

20.0

15.0

10.0

5.0

0.0
C') C') C') C') '<t '<t '<t '<t L() L() L() L() (!) (!) (!) (!) t-- t--
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C\l C\l C\l C\l C\l C\l C\l C\l C\l C\l C\l C\l ~ C\l C\l C\l C\l C\l-- ~ r:::: 0 -- ~ r:::: 0 -- ~ r:::: 0 ~ r:::: 0 --- ~~ ~ ~ ~ ~

0 0 0 ~ 0 0 0 ~ 0 0 0 ~ 0 0 0
~

0 0
N N N N N N --- N N N N N N N N N NC\l
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Time (years)

I-Waiting Timel

Figure 5.1: Waiting times for first consultations for patients with HCRC #10 from 2003 to 2007
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In Table 5.1 the average waiting time over the past 2 years, as well as the average waiting time
for 2007, including standard deviation and coefficient of variation, are shown.

Table 5.1: Average, standard deviation and

5.1.1.1 Performance Indicator

The calculated waiting times in the previous section should be compared to some kind of
performance indicator in order to be able to draw a conclusion on the severity of the waiting
times for first consultations. Kempenhaeghe uses the "Treeknorm", which is a norm for health
care organizations, set by the Nederlandse Vereniging van Ziekenhuizen (Website:
www.snellerbeter.nl). For outpatient clinic consultations, such as the consultations for the
OSAS patients, the "Treeknorm" poses that 80% of the patients should receive their first
consultation within 4 weeks. When we compare the waiting times for OSAS patients with the
"Treeknorm", it becomes clear that in 2007 only 2 out of the 30 first consultations fell within
the limit of 4 weeks (with 1 and 2 weeks respectively). This is only 6%, so far less than the
80% required.

5.1.2 Analysis of the Demand

Of course, first of all, it has to be assessed whether the number of patients with sleeping
disorders that is referred is constant over time. As the following graph (Figure 5.2) shows, this
is not the case, but there seems to be a clear increase in referrals per year. However, note that
the number of referrals for 2007 seems to be lower than those in 2006. Since data up to
September was used, the extrapolation of that data was used in the graph. It might be the case
that the number of referrals will be higher than predicted, or that there is an actual decrease in
demand.
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Figure 5.2: The number ofpatients referred to the CSW department per year

However, for this problem, focus is placed at the type of OSAS patients. In Figure 5.3, the
number of referrals of OSAS patients per year is shown. From this graph it can be seen that
the last 2 years, the number of patients referred seems to decrease. The arrival process for
OSAS Patients follows a Poisson distribution, with A=3.07 patients per day.
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Figure 5.3: The number ofsleeping disorder patients referred with health care request code # 10

Despite this decrease in referrals, waiting times remain high. This can be explained by looking
at the number of active patients in the system. This means the number of patients that is under
treatment with a specialist, so the ones that have been referred, but not yet discharged.
Ultimately, the number of patients in the system is of great influence on the waiting times. The
number of patients in the system is determined by both the number of patients entering the
system (referrals) and the number of patients exiting the system (discharges).
Since the number of discharges may be specialist-dependent, as well as other characteristics,
the specialists are analyzed separately in a later section.
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5.1.3 Analysis of the Capacity

In the following section, the capacity that is available as well as the capacity required for
treating patients with HCR 10 is assessed.

5.1.3.1 Number of Patients in the System

As can be seen from the previous section, the number of patients in the system depends on the
number of referrals, as well as the number of discharges. At a given point in time, a steady
state situation should occur, where the amount of patients in the system is stable (given that
the amount of capacity remains unchanged). The amount of patients entering the system (in
this case the specialist is regarded as a system), must therefore be equal to the amount of
patients leaving the system in the steady state situation. When this steady state is exceeded, in
other words, more patients enter than exit the system, the system becomes flooded, and
waiting times will increase. In case of a specialist, this could result in the situation that the
specialists' capacity is completely taken up by the repeating consultations of patients in the
system, leaving virtually no space for first consultations of new patients. When despite this,
new patients are still added to the system, the waiting times for all kinds of consultations will
increase rapidly.
In order to establish the extent of "flooding" for the specialists who treat OSAS patients, the
amount of patients in the system over time is calculated on the basis of historic data.

When looking at the number of patients currently in the system of a specialist, both the
number of patients that are referred to the specialist per time unit, as well as the number of
patients that are discharged by the specialist are of interest. The number of patients in the
system at a certain point in time is represented by the following equation:

Eq.5.1

With:
Si = The average number of patients in the system at the end of year i

Ri = The number of referrals in year i

D i =The number of discharges in year i

However, in order to establish whether the number of patients in the system represents the
right steady state situation, and thus whether the specialists operates at the right level of
utilization, or whether the system is under- or overloaded, both the capacity available and
required need to be calculated.
For the four specialists (A= N. Duis, B= K. Schreuder, C= N. Vandenbussche en D= K.Vleer)
the amount of patients in their system, as well as the number of in- and outgoing patients are
depicted in the following graph (5.4) (see also Appendix D for a larger image).
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Figure 5.4: Patients referred, discharged and in the system, per specialist (Note that the scales differ)

Since some of the specialists (especially A and D) have been working at Kempenhaeghe for a
short period of time, it is to be expected that the number of patients in their system increases
rapidly, but have not yet reached the maximum amount of patients possible in the system.

5.1.3.2 Specialist Capacity Available

When determining the capacity available per specialist, we look at the number of minutes a
specialist has available for consultations per year, since the capacity required per patient is
also defined per year. The capacity available per year per specialists can be represented by the
following equation

CA = H *41 *60s s Eq.5.2

With:
CA,. = The amount of specialist capacity available (in minutes) per year (41 weeks)

H s =The number of hours worked per week by the specialist

In the following table the number of hours worked per specialist can be seen, as well as the
distribution of these hours over the week.

15



~ Kempenhaeghe

Table 5 2' Number ofhours available per week per specialist..
Specialist A B C D
Monday N.A. 13.30-17.00 9.00-12.30 8.30-17.00
Tuesday N.A. 9.00-17.00 9.00-17.00 N.A.
Wednesday N.A. 8.30-17.00 N.A. 8.30-17.00
Thursday 8.30-17.00 8.30-17.00 9.00-17.00 8.30-17.00
Friday 8.30-17.00 8.30-17.00 9.00-17.00 N.A.
Total # hours 16 36 28 24

In addition to a different amount of capacity available per specialist in hours, another
significant difference in capacity in terms of number of consultations that can be conducted.
As a result of the shorter consultation times, specialist B can do more consultations in the
same amount of time as the other specialist. The duration of a certain type of consultation can
be obtained from Table 5.3, this is the duration of the time slot reserved in the planning of the
specialist for this type of consultation.

Table 5 3' Duration ofa consultation in minutes per specialist..
Duration of consultations er specialist (min.)

B Others

lC (First Consultation) 30 60
lCS (First Consultation, emergency) 30 N.A.
CC (Result Consultation) 30 30
CCP (Result Consultation) 30 30
HC (Repeating Consultation) 15 30
KC (Clinical Consultation) 20 60
KCD (Result Consultation Telephonical) 15 N.A.

TC (Telephone Consulltation) 15 15

5.1.3.3 Average Capacity Required by the Patient

The amount of capacity required per year by a patient is somewhat more difficult to calculate,
since it is expected that the patient will not require the same amount of time from a specialist
every year, but that this will be more in the first year and will gradually diminish over time.
However, since there is no real pattern to discover for the amount of care necessary, an
average consumption of the specialist's time per year will be calculated. This is done on the
basis of the number and duration of the types of consultations a patient receives. This is done
for every specialist separately, especially since there might be differences in the treatment per
specialist. For instance, there are differences in the time a specialist uses for a certain type of
consultation (Table 5.3). In addition, specialists may vary in the amount of consultations they
find appropriate for a patient, or the time in between consultations, and thus the length of stay
of the patient in the system.
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Eq.5.3

With:
CRs =The capacity required per patient per year (minutes)

nx = The number of consultations of type x a patient receives during its stay in the

System (obtained from data), x = {lC, lCS, CCP, CC, HC, KC, KCD, TC}
d x,S = The duration of a consultation of type x for specialist s (minutes)

LoS = The length of stay of a patient in the system (years)

5.1.3.4 Maximum Capacity of the System

To determine the amount of patients that would represent a maximum utilization of the
specialists' capacity, and thus the amount of patients that represent the steady state situation,
both the available capacity of the specialist as well as the use of that capacity by the patient
has to be taken into account as noted earlier.
The maximum number of patients that a specialist can have in his/her system is given by

PrruJ.X = CAs fCRs

With:
PrruJ.X =The maximum number of patients a specialist can have in his system

Eq.5.4

In order to have a stable system, and thus utilization less than 100%, the following condition
must be true: S; < PrruJ.X

5.1.4 Conclusion on the Current Situation

In the following table (5.4), the average mix of consultations a patient receives during his time
in the system is represented. In addition, the use of capacity is also represented in minutes,
both the average use of capacity per year, as well as the average use of capacity by one patient
during his time in the system.
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Table 54 Characteristics ofconsultations per specialist

Kempenhaeghe

Average number of consultations IJer specialist
A D B C

lC 0,68 0,66 0,45 0,65

CC 0,03 0,02 0,07 0,01
CCP 0,70 0,16 0,Q1 0,10
HC 0,41 0,48 1,93 0,67
KC 0,07 0,12 0,00 0,00
TC 0,54 0,76 0,86 0,63
KCU 0,00 0,00 0,Q1 0,00
lCS 0,00 0,00 0,02 0,00

Avg. length of stay (yrs) 1,21 1,02 2,59 1,17

Avg. Use of time per patient during LoS (min.) 105,07 136,77 41,43 98,76

CRs 87,44 78,27 58,27 71,88

# Of hours available for consultations 16,00 20,00 28,00 24,00
# Of day-parts per week (4 hrs per day-part) 4,00 5,00 7,00 6,00
41 weeks a year, so # of hours available 656 820 984 984

CAs 39360 49200 68880 59040

Pm;;,x 450 628 1182 821

Si 174 267
2213

855
Difference 276 361 1031 34
Utilization 39% 43% 187% 104%

As can be seen from the calculations per specialist, both Band C have an overload of patients
in their system. D and A still have capacity left to take in new patients, which is in line with
what has been previously said about them not working here for a long period of time yet and
therefore not having had the chance to have a lot of patients being referred to them.
For the two specialists who have a flooded system, it can be assessed how much time each
patient could be allocated per year in the current state. For specialist B, patients can use a
maximum of 68880/2213 = 31.13 minutes per year, this is only 53% of the time that is
actually used per patient per year. For specialist C, patients can use maximally 59040/821 =
69.05 minutes per year, which is 96% of the time that is currently used per patient. Therefore,
in order to obtain a stable system, the specialists either have to discharge patient or decrease
the amount of capacity used by patients by reducing the number or duration of consultations a
patient receives.
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5.1.5 Health Care Path

Since the previous calculations were done on the basis of the average OSAS patient, this is
convenient for the initial comprehension of the capacity available, the capacity needed and the
steady state of a specialist. However, since Kempenhaeghe is a specialized clinic, there is a lot
of variety between the health care paths of patients, even with the same health care request.
This section deals with more specific characteristics of the patients and their (projected) health
care path.

5.1.5.1 Average OSAS Patient

In order to determine the demand of an average patient during his stay in the system, the
number of weeks between a certain consultation and the referral of the patient was calculated.
In the previous calculations, for simplicity it was assumed that a patient uses a similar amount
of capacity every year during his length of stay. However, it is of course to be expected that
capacity use of a patient decreases over time.
All consultations, weighed with their duration represent the distribution of the use of capacity

by a patient over time. The distribution of capacity-use (in minutes) over time can be seen in
the following figure (5.6), a distribution of the likelihood of receiving a certain type of
consultation, for each type of consultation can be seen in Figure 5.7. Both Figures show the
distribution only for the first two years of a patients stay. From the graph it can be seen that a
patient uses most capacity in the first year of his stay; the tail of the distribution is likely to
show the most variation between individual patients and specialists, but can be considered
stable after about 6 months.
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Figure 5.6: Distribution of resource use over time for OSAS patients
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In the Figure 5.7 which shows the distribution of the various consultations during a patients
stay in the system, it can be clearly seen that the lC consultation is the type of consultation
that typically takes place in the beginning of a patient's stay at Kempenhaeghe (as would be
expected).
However, note that this graph does not take into account the (possible) interdependencies of
the time between consultations and the projected path a patient follows. That might explain
why no clear pattern occurs with for instance the HC (Repeat consultation). It could be
expected that there are He's after a certain amount of months, for instance 3 months, half a
year, etc. In the following section the use of capacity is viewed at individual patient level, in
order to be able to also view the time between consultations, and not only the time the
consultation takes place with respect to the referral date. Especially the analysis of the
projected sequence of consultations is very time consuming, since this has to be analyzed at
patient level to get an accurate idea of possible patterns. This is due to the fact that for every
nth consultation there are approximately 6 possibilities (types of consultations or a discharge).
A patient can sometimes have up to 40 consultations, so if one were to calculate all the
possibilities, that would be 640 =1,3* 1031 possible health care paths. Of course it is to be
expected that at after a certain amount of consultations, it becomes increasingly difficult to
predict what will happen next, since the patient is probably an exceptional (and thus
unpredictable) case. Especially within the first number of consultations, the type of nth
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consultation will depend on the n-1, n-2 or n_m1h consultations. Since this is a very time
consuming analysis, it will not be conducted in this project, but a group of 2nd -year students
will do this as their project for DVAG (Data Verzameling en Analyse voor de
Gezondheidszorg or in English: Data Collection and Analysis for Health Care Organizations).
The main goal of their project is to learn how to gather and analyze data. However, to get a
certain comprehension of individual patients and their paths to be able to continue with the
design phase, a short (not statistically validated) analysis is conducted. Although this might all
sound a bit abstract, it will be further elaborated in the following.

5.1.4.2 Individual Patient Level

This analysis on individual patient level is based on 3087 patients with health care request
#10, who are referred to the CSW department, and for which the consultation is marked as "1",
which means the consultation has actually taken place ( an "N" represents a cancellation or
'no-show').

Before taking into account which type of consultations a patient receives, it will first be
examined how many consultations patients receive during their stay. The number of
consultations a patient receives is determined by the specialist, but is not always necessarily
based on medical necessity. For instance, older patients rather have a repeat consultation in
order to discuss their situation, while younger patients prefer a telephonic consultation to do
so. The number of consultations a patient receives is depicted in Figure 5.8.
In the first stream, the numbers of patients that go on to the next consultation or are discharged
are depicted. In the second stream the same flow is depicted only now the chance that a patient
receives a following consultation or is discharged is shown. From this figure it can be seen
that only 18,9% of the patients receive 7 of more consultations. Since it can be assumed that
the 80/20% rule (Pareto, 1972) can be applied here, focus in the rest of the analysis will lie on
the first seven consultations a patient receives, since that is the most likely maximum value for
80% of the patients. This is why the point of 7 consultations will be taken as the point after
which the process will be considered memoryless. In other words, the prediction of the next
consultation will only depend on the previous one. For the first seven consultations all
previous consultations will be assumed to playa role. Note again that this is not based on
statistic analysis, but only on the (rather general) Pareto rule. When the results from the
DVAG-group become available they can be compared with these outcomes and these
preliminary results will be replaced if necessary. In addition they will further analyze the
transition possibilities for the consultations and whether or not the process will become
memory-less and if so, after which consultation.
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5.2 Analysis for Research Question 2

Research Question 2 concerns the waiting times for examinations at the KNF (Clinical
Neurophysiology) department, especially the VPl (Ambulante Registratie: Parasomnie) and
SI (Doorslaap Gesuperviseerd met CPAP instelling). Another symptom is that despite the
long waiting times, sometimes beds at the inpatient clinic remain empty. This could indicate
poor coordination of the various resources. In addition, the planning of the KNF for
examinations is produced on a yearly basis; this does not allow much adaptability to changes
and variety in demand. For instance when demand until September for an examination has
already exceeded the total capacity available for that year; no update is made in order to see
whether capacity can be made available by using capacity reserved for other examinations
which have a lower demand than expected. This indicates a problem with the flexibility of the
planning of those examinations.
Since material and beds are often idle, it is expected that the capacity of the KNF (and
especially the lab technicians) is the bottleneck. Therefore, the utilization of the KNF is
analyzed first in the following section by examining the capacity available and the capacity
required to fulfill demand.

5.2.1 Validation

In order to validate whether the current waiting times for examinations conducted by the
KNF are too long, they will be compared to the "Treeknorm" mentioned in the previous
chapter. However, a different norm is applicable to examinations since they are either a "one
day admission" for which a waiting time of 6 weeks for 80% of the patients is acceptable or a
"clinical admission" in which case a waiting time of 7 weeks for 80% of the patients is
acceptable.

The exact waiting times for the examinations of the KNF are very difficult to assess, because
often the request date (i.e. the date on which an examination is requested by a specialist to be
planned) is not filed in the MIS (Medical Information System). Therefore, the waiting times
as perceived by the logistical planner, the KNF and the inpatient clinic were used. In the
following table (5.5), the examinations and their waiting times per 29-11-2007 are shown as
well as the amount of waiting time that is allowed.
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hIdifhT, hI 55 Ca e . : ompanson 0 t e current an maximum accepta e waztmg times

Examination Waiting time Waiting time per 29- % Exceeding
allowed (weeks) 11-2007 (weeks)

1.EEG 6 2 0
2. Amb. Epi. with Video 7 16 128
3. Doorslaap Unsupervised 7 7 0
4. Doorslaap Supervised 7 12 71
5. Video Mon. Diff. Diag. 7 14 100
6. Video Mon. Epi. Surgery 7 14 100
7.Reviewing EEG 6 - -

8. Actigraphy 6 6-12 50
9. Deprivation EEG 6 2 0
10. MSLT 7 12 71
11. Amb. Reg. Parasomnia 7 13 86
12. Seizure Detection 7 8 14
13. Amb. Reg.: Limited 6/7 5 0
Sleep
14. Amb. Reg.: Epilepsy 6/7 2 0
15. Amb. Reg.: Polygraphy 6/7 15 114
l6.Doorslaap with CPAP 7 12 71

From this table it can be concluded that forl 0 examinations wmtmg times are too high.
However, it is impossible to analyze the processes around single examinations, since there are
many interdependencies between the examinations in terms of shared and time-shared
resources (Vissers, et al., 2001) , both beds and staffing.

5.2.2 KNF Capacity Available

First, the capacity available at the KNF in terms of employees is compared to the capacity
needed to fulfill the demand for examinations.
Employees are considered to spend 26 % of their time on overhead, such as administration or
special projects. Therefore they can spend 74% of their time on actual examinations. In
Appendix E a list of employees according to category defined by the KNF is shown, including
the number of hours the employee works for the KNF. These categories consist of the
disciplines within the KNF that are needed for an examination. These are:

1. Neurologists
2. Lab Technicians
3. Secretaries
4. Clinical Physicians
5. "Afdelingshelpenden", which are the employees working at the inpatient clinic

involved in the execution of an examination

While the Lab Technicians, Secretaries and Clinical Physicians spend most of their time on
the actual examinations, neurologists and "Afdelingshelpenden" also have other tasks. A
neurologist also spends part of his capacity on consultations with patients. So their utilization
for the examinations is expected to be much lower than 1.
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With the following equation, the available capacity (in minutes) per month can be calculated
for each resource group.

E

Ca j = Pj' L(FTEej *#hoursl FTE *#minutesl hour*#weekslmonth)
e=1

Eq.5.5

With:
Ca j = The available capacity in minutes per month for resource group j, j={ 1,2,3,4,5}

FTEej = The number of Full Time Equivalent {O-l} per employee e within resource group j

P j = The productivity of resource group j

The productivity parameter is 74 % according the KNF, since 26% of employees' time has
already been allocated to other activities, such as research projects.

5.2.3 KNF Capacity Required

In order to establish the KNF capacity required to fulfill demand, the demand for
examinations has to be determined. This was done by first looking at the demand for
examinations over the last 4 years (from 1-1-2003) and the last year in particular. Second, the
capacity required for each type of examination needs to be defined. In Table 5.6, the capacity
per employee category required for each examination ("bouwsteen") is shown, as defined by
Kempenhaeghe.
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The calculation of the demand for each "bouwsteen" gave some difficulty, since the historic
data of the demand for examinations uses the term "Onderzoekscodes" (40 in total) which do
not match the list of "bouwstenen". These two different terms had to be linked in order to
establish the demand in minutes for each type of employee category. This was done in
consultation with the KNF, resulting in the following table (Table 5.7).
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2
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LS,R,RT
AMBEMH, AMBEMN
DR-UNS
DR-SUP, DR-SUG, DR-SUS
VID, VIDDIF
VIDPRE
HER
ACT
DE
MSL, MSLT
AMBPAR, AMBPAS, P
A

erkt AMBREE, AMBRES, S
AM, AMBEMG, AMBEMV, AMBPOL,
AMBREG, AMBREH, AMBREN,
AMBREV, E, LS, W
AP, V
PAC, PAl, PAH

In the following Table (5.8), the demand per "bouwsteen" is depicted, both the average
demand over the past four years, as well as the demand for 2007 (extrapolated per 29-11
2007).

Table 5.8: Average nO.",/1.,n over 4 years (2003-2006) and in 2007(extrapolated) for the examinations

2

3

4

5
6

7

8

9

10

11

12
13
14

15
16

526
8

302
331

50

40

151
115

181
163
52
32

167
405

259
314

468
4

257
268

56
36

193
123
159
192
68
16

112

275
292

285

With this information, the capacity in minutes needed per employee category to fulfill
demand can be calculated with Eq. 5.6.

I

CU j =LXi ·d ii
i=l
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With:
Cu j = The capacity needed resource group j to fulfill the demand per month (in minutes)

Xi = The demand per month for examinations of type i, i={ 1,2, ... ,16}

dij = The duration of the examination of type i (in minutes) for resource group j

This was done both for the average demand over the last 4 years, as well as for 2007
(extrapolation on the first 9 months of 2007) as can be seen in Table 5.9 and 5.10
respectively.

5.2.3.1 Determining the bottleneck

The bottleneck in the process of conducting examinations by the KNF can be seen when
looking at the current situation at Kempenhaeghe. The bottleneck is the resource that has
highest the utilization rate when looking at all examinations required. The utilization may
even lie above 100%, in theory if all examinations that are requested would be examined.
In real life, this over-utilization can lead to waiting times or overwork by the bottleneck
resource.
In order to determine the utilization of the various KNF resources (i.e. neurologists, lab
technicians, secretaries, Clinical Physica and nurses) we need capacity available per resource
and the capacity required per resource (Eq. 5.5 and 5.6)

Cu
U. =_J Eq.5.7

J Ca
j

In the Table 5.9 and 5.10, this has been done for the last 4 years as well as 2007, respectively,
showing that the bottleneck (the resource with the highest utilization) is the capacity of the
resource: Lab Technicians. Depending on the productivity parameter, the bottleneck becomes
more or less severe.

CU j 100570 1080600 94715 187980 79960
Caj 287627 1057652 136384 258497 214443
Caj-Cu j 187057 -22948 41669 70517 134483
U j 0,349654101 1,021696731 0,694471085 0,72720436 0,372872769

CU j 87115 935853 88865 170148 69760
Caj 287627 1057652 136384 258497 214443
Caj-Cu j 200512 121799 47519 88349 144683
Uj 0,302874784 0,884839859 0,651577606 0,658220914 0,325307709

27



~ Kempenhaeghe

5.2.4 Analytical model

The process of requesting an examination by a specialist until the time a patient has
undergone an examination can be modeled with the use of queuing models, which are
frequently used in modeling health care processes (Brahimi & Worthington, 1991).
A queuing model consists of four aspects, using the notation ME/Cm (Kulkarni, 1999). A
represents the distribution of the Arrival rate of (in this case) the patient. B stands for the
distribution of the processing rate by the server. C is the number of servers available for that
process and D is the number of spaces in the queue. The queuing models developed for the
examinations at Kempenhaeghe will take the lab technicians as servers since they are the
bottleneck in the process as can be seen in the previous section. In the following, all aspects
of a queuing model will be addressed specifically for the KNF examinations at
Kempenhaeghe, as well as a table in which all the parameters for each examination are given.

A. Arrival process
For each of the examinations, the arrival rate of patients and its distribution were examined.
However, the data available for this purpose is not very accurate, since the only arrival time
from patients that can be obtained is the date that their referral was filed by the secretary of
the outpatient clinic. One can imagine that a secretary files all new patients only once or twice
per week, distorting the actual arrival process. Since the arrivals for examinations are indepent
of each other and in time, Poisson arrival processes are assumed. This is in accordance with
findings of Bruin et al. (2005) and Noon et al. (2003), the latter finding patient arrivals to
"typically originate in a random fashion (oo.) "which is, from a statistical perspective,
typically described with a Poisson probability distribution" (p.83-84)

B. Process rate
In this case, the process rates are considered to be deterministic. Although some activities
during an examination may not always take up the same time, a fixed amount of time is
planned in the system. In addition, process times are considered the time that a lab technician
spends on an examination, since lab technician capacity is considered the bottleneck resource.
In Table 5.6 the process times per examinations are shown (only the process times for the
resource: lab technicians will be taken into account in the model).

C. The number of servers
In this case, we consider only one resource: the Lab Technicians. However, we regard this as
one server, since only the capacity per month of all workers combined is known. Were the
resource to be considered with the various lab technicians as servers, the servers (and thus lab
technicians) would have to be identical (Kulkarni, 1999) , which they are not in terms of
available capacity. Therefore a simplification has been made to regard the resource as one
server, with adjusted process rates accordingly.

D. Number of spaces in the queue
Often a limited number of people or products can wait in order to be processed if there is a
physical restriction on the number of places in the queue in terms of space.
For this problem the number of places in the queue is infinite, since there are no spatial
restrictions for waiting patients, i.e. patients wait at home until an examination becomes
available, so no actual space is taken up by the waiting patients.
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This results in a queuing model that can be used to define the process of the examinations at
Kempenhaeghe. This is the general M/GIl queue, for which the equation is as follows:
M/GIl Queue

.-1s
2

W=--
q 2(I-p)

With:
S2=(J'2+ r 2

Wq =The expected waiting time in the queue

A=Arrival rate
p =Traffic intensity (or utilization)

(J'2 =Variance in service times
r =independent and identically distributed service times

Eq.5.8

In this case, service times are assumed to be discrete, meaning that (J'2 =0. This assumption is
being made, since, even though there might be a little variance in actual service times, the
time planned for an examination is discrete. Even if the actual service time is lower than the
planned service time, the spare time cannot be used for another examination.
This results in the following model to be used for the situation at Kempenhaeghe:

M/D/l Queue

Ar2

W =---
q 2(1-p)

Eq.5.9

This model can be validated by calculating waiting times on the basis of the current planning.
If these are (rather) similar to the current waiting times, the models can be assumed to
represent the current situation accurately, especially with regard to the assumption made for
the aspect of the number of servers.

In Table 5.11, the waiting times that should occur with the planning of examinations for 2007
is shown. For the examinations for which the model gives an infinite waiting time, an extra
column was added, stating how many patients would be in the queue at the end of the year,
and thus how long the waiting time would be after I year, assuming that the system was idle
at the beginning of the year (no patients in the queue).
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1 465 38.75 0.025806452 38.80 1.001290323 Infinite Infinite 0.6 0.069677
2 55 4.58 0.218181818 3.33 0.726545455 0.29 1.30
3 318 26.50 0.037735849 25.56 0.964360587 0.51 2.30
4 350 29.17 0.034285714 22.33 0.765714286 0.06 0.25
5 60 5.00 0.2 4.67 0.933333333 1.40 6.30
6 35 2.92 0.342857143 3.00 1.028571429 Infinite Infinite 1.542857
7 375 31.25 0.032 16.11 0.515555556 0.02 0.08
9 180 15.00 0.066666667 13.22 0.881481481 0.25 1.12

10 180 15.00 0.066666667 16.00 1.066666667 Infinite Infinite 12 3.6
11 60 5.00 0.2 6.56 1.311111111 Infinite Infinite 18.666667 16.8
12 17 1.42 0.705882353 1.33 0.941176471 5.65 25.41
13 125 10.42 0.096 9.11 0.874666667 0.33 1.51
14 350 29.17 0.034285714 34.20 1.172571429 Infinite Infinite 60.4 9.318857
15 390 32.50 0.030769231 23.22 0.714529915 0.04 0.17

16 350 29.17 0.034285714 25.78 0.883809524 0.13 0.59
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1 500 41.67 0.024 41 0.9792 0.564923077 2.542153846

2 60 5.00 0.2 3 0.666 0.199401198 0.897305389
3 320 26.67 0.0375 26 0.9585 0.433057229 1.94875753
4 360 30.00 0.033333333 21 0.711 0.04100346 0.184515571
5 50 4.17 0.24 5 1.1208 Infinite Infinite 6.04 6.5232

6 50 4.17 0.24 3 0.72 0.308571429 1.388571429
7 350 29.17 0.034285714 17 0.586628571 0.024327975 0.109475888

9 210 17.50 0.057142857 12 0.698285714 0.066125541 0
10 180 15.00 0.066666667 16 1.066666667 Infinite 0.297564935

11 50 4.17 0.24 7 1.5744 Infinite Infinite 12 3.6
12 20 1.67 0.6 0 0.198 0.074064838 Infinite 28.72 31.0176

13 150 12.50 0.08 6 0.4888 0.038247261 0.333291771
14 375 31.25 0.032 34 1.0944 Infinite 0.172112676
15 400 33.33 0.03 24 0.7266 0.039864667 Infinite 35.4 5.0976

16 330 27.50 0.036363636 26 0.937454545 0.272515856 0.179391002
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465 38.75 0.02580 38.80 18.52 40.34 1.041115 Infinite Infinite 19 2.220

2 55 4.58 0.21818 3.33 17.78 4.81 1.049777 Infinite Infinite 3 2.688

3 318 26.50 0.03773 25.56 41.48 29.01 1.094805 Infinite Infinite 30 5.119

4 350 29.17 0.03428 22.33 80.00 29.00 0.994285 5.087436 22.89346
5 60 5.00 0.2 4.67 12.96 5.75 1.149382 Infinite Infinite 9 8.066
6 35 2.92 0.34285 3.00 12.96 4.08 1.398941 Infinite Infinite 14 21.542
7 375 31.25 0.032 16.11 0.00 16.11 0.515555 0.064062 0.288279
9 180 15.00 0.06666 13.22 7.78 13.87 0.924691 0.5267498 2.370374

10 180 15.00 0.06666 16.00 40.00 19.33 1.288888 Infinite Infinite 52 15.6
11 60 5.00 0.2 6.56 12.04 7.56 1.511728 Infinite Infinite 31 27.63
12 17 1.42 0.70588 1.33 2.96 1.58 1.11546 Infinite Infinite 2 6.235

13 125 10.42 0.096 9.11 13.89 10.27 0.985777 4.3487821 19.56952
14 350 29.17 0.03428 34.20 13.89 35.36 1.2123 Infinite Infinite 74 11.46

15 390 32.50 0.03076 23.22 15 24.47 0.7530 0.0918595 0.413368

16 350 29.17 0.0342 25.78 12 26.78 0.9181 0.2460053 1.107024
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When comparing these outcomes with the acceptable waiting times in Table 5.5, it becomes
clear that the current situation is not very well represented by the model. However, the model
does not take the previous events in previous years into account, which explains why the
waiting times are not similar to current waiting times, since all other assumptions are
satisfied. It merely describes what would have happened if the state of the system at the
beginning of the year would be o. So if there were no patients waiting at the end of the year.
In addition, the time between the request for an examination until the actual planning is not
taken into account; sometimes an examination can not be planned until other departments
give their approval, which causes a delay in the execution of the examination. Also it can be
seen that the examination which has the longest waiting time in the current situation
(ambulante registratie: parasomnie) has also the longest waiting time according to the model,
and even a longer waiting time than in the current situation. Of course the model does not take
personal interventions into account, such as an (unofficial) re-planning of examinations. One
can imagine for instance that if the waiting time for a certain examination (1) increases
rapidly, capacity of another examination (2) is used to reduce the waiting time of examination
1, causing the waiting time of examination 2 to increase. However, these interventions and
previous events cannot be traced.
Finally, the no-shows and patients canceling (last minute) and thus idle capacity ofthe
examinations is not taken into account, since no data is available. This could be another
reason for the longer waiting times, since if a patient cancels the appointment for an
examination or if he does not show up and the examination cannot be filled with another
patient, the examination will be idle. The patient that has cancelled still needs the examination
and will thus be planned again, actually increasing the arrival rate and thus utilization and
waiting times. Although the model does not provide outcomes representing the current
situation, future events can be predicted using the model, taking the current situation and the
number of patients waiting into account when predicting the waiting times and thus
determining how many examinations to plan for each type.

Using the model, it is also possible to assess the planning as it has been made by the KNF for
2008. The results of which are shown in Table 5.12, taking a stable system as a point of
departure. Table 5.13 shows the situation for 2008 taking the situation at January first as a
point of departure (which means adding the patients waiting at January 1st to the total demand
for 2008). From these results it can be seen that the outcomes resemble current waiting times
more, so that it is a logical explanation to have previous events influence the waiting times,
which cannot be seen in the waiting times generated with the model from a starting point
situation (all queues are empty).

After discussing the results with Kempenhaeghe, it became clear that these results for 2008
confirm what was already expected with respect to the examinations for which problems
would arise.
Since it can be concluded that the model represents the process of examination more
accurately, the model will be taken as a basis for the redesign of problem 2 (examinations at
the KNF). The analytical model uses an M/G/1 queue, which seems to represent the waiting
times to some extent, but not totally accurate. Playing with the parameters, such as process
times and productivity might increase the fit of the model.
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6. Redesign

This section will discuss the design phase of this Master Thesis Project. After consultation
with the company supervisor as well as both university supervisors, it was decided to continue
with both problems, however to place more emphasis on the second problem. This choice was
made since that problem is considered most urgent by Kempenhaeghe and, in addition, since
the DVA Group will further elaborate on the first problem.

6.1 Simulation

For both problems a simulation model will be developed, since a specific request from
Kempenhaeghe was to visualize processes, problems and possible solutions. This will be used
as means of convincing people of the problems at hand and the effect of possible
interventions. In addition, simulation is a cost-effective way of considering various
alternatives without making actual changes, which may take much time, effort and money and
are likely to upset customers (in this case the patients) and staff (Ledlow et aI., 1999; Swisher,
et a., 2002). However, it must be noted that simulating processes is not the same as optimizing
processes. In a simulation, the current situation is depicted and adjustments can be made to
assess the effect of certain interventions, such as different allocation rules, or varying the
amount of capacity. A simulation however, will not result in the optimal amount of resources
or the best allocation method of assigning patients to specialists. Only various options can be
run and compared in order to see which of the compared possibilities will perform best and
make recommendations based on the outcomes.

6.2 Redesign for Research Question 1

For the redesign of the problem related to the Department for Sleeping Disorders, a
simulation model was made in ARENA, depicting the current situation with respect to the
flow of patients through the system. The system models the first consultation and the Result
examinations (CCP) different from the other consultations. Since Kempenhaeghe gives
priority to patients already in the system, and special attention has been paid to the CCP's.
With this model, various scenarios will be assessed and compared, in order to be able to make
some recommendations for the Department of Sleeping Disorders and the specialization of
OSAS in particular. In the following section, various aspects of the process will be addressed
for which different possibilities will be simulated. In addition, on the basis of the outcomes,
some strategies can be combined in order to increase performance. It must be noted however,
that the input of the model is based on averages (calculated in the analysis section), since a
detailed analysis is still to be conducted by the DVA Group. Eventually, it should be possible
to replace the averages with their outcomes in order to detail the model further so that it will
resemble the current situation even more. An elaboration on the model can be found in
Appendix F.
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6.2.1 Allocation Method

Here various allocation methods of assigning a patient to a specialist will be compared in
order to see what the effects are on the workload of the specialists. The strategies that will be
compared are: The current situation, allocation on the basis of an even distribution of patients
over the specialists, allocation based on the amount of hours worked by the specialist, and an
allocation on the basis of number of consultations executed per week. In Table 6.2, the
allocation methods and their resulting chances are shown.

Table 6 ]. Different strategies for allocating patients to specialists..
% of oatients to A B C D
Allocation rule
Current Situation 9 40 28 23
Even Distribution 25 25 25 25
According to hours worked 15 35 27 23
According to # ex. per week 10 47 23 20

6.2.2 Additional Capacity

In this part, focus is placed on the effect of additional capacity, or in other words, what would
happen if more capacity became available for consultations. This might be the extension of
the number of hours worked by a specialist.
In order to assess this, the number of days worked in the current situation by A will be
increased with one and two days respectively, so capacity will increase with either 8 or 16
hours, since this might be a likely event in the near future. According to the results of the
previous strategy for allocation of patients to a specialist, the best performing strategy will be
used for this strategy.

6.2.3 Length of Stay

This aspect is concerned with the length of stay of a patient in the system, and thus the
possibly sooner discharge of a patient from the system, resulting in available capacity for new
patients. The length of stay depends on two aspects: 1) The number of consultations; and 2)
The time between consultations. Therefore, for both aspects, strategies will be formulated
which will be compared to the current situation

6.2.3.1 Ideal Health Care Path

This aspect includes the variety in the health care paths of patients. In order to see what would
be the effect if there were an "ideal health care path" instead of the current situation. For the
standard paths, there are two types of patients that can be distinguished: patients getting a
BiPAP examination and patients getting a CPAP examination. Below, the projected paths for
both patient-types are shown in Table 6.1.

35



Kempennaeghe

Table 62' Ideal health care paths for BiPAP and CPAP patients..
CPAP-Patient (40% of the patients) BiPAP-Patients (60% of the patients)
Intake Intake
PMS Examination + Consultation PMS Examination + Consultation
After 6 weeks: PMS Examination + After 6 weeks: PMS Examination +
Consultation Consultation
After 1 year: Consultation After 6 months: Consultation

After 1 year: Consultation
After 3 years: Consultation

These two paths are the only known and defined paths until now. However, if the results show
that waiting times are reduced when people follow a certain path, more paths could be
defined, ensuring that (at least) 80% of the patients will fit into a pre-defined health care path.
This will thus reduce variation within a patient-group.
In order to see whether waiting times are reduced, the current situation is compared to the
situation in which every patient would fit in either one patient group or the other (CPAP or
BiPAP). For the situation of two patient types, a separate model, resembling the current
situation, only simplified, will be used, which is also elaborated in Appendix F.

6.2.3.2 Number of Consultations

For this strategy, the current situation will be compared to a situation in which the chances of
being discharged after a consultation are bigger. This does not necessarily mean that they are
no longer under treatment, but it could also be a possibility that they remain under
consultation with the nurse practitioner until the medical situation of the patient requires the
attention of the specialist again. The strategies that will be compared are:
- the current situation,
- a 50% chance of discharge after the 6th consultation (with a maximum of 7 consultations),
- a 100% chance of discharge after the 6th consultation,
- a 50% chance of discharge after the 5th consultation (with a maximum of 6 consultations),
- a 100% chance of discharge after the 5th consultation.
In addition, these strategies will also be simulated with the most suitable allocation method, in
order to see whether there is a combined and maybe even enforced effect.
Note that this is not only an operational but also a medical decision, so this might not be an
easy intervention in real life.

6.2.3.3 Time between Consultations

These strategies include the variation in the mean time between consultations, as well as in
the variance of the mean time between consultations. This will have an influence on both the
length of stay, as well as the projected health care path in terms of predictability. The current
time between two consultations is assumed to follow a triangular distribution, since these
times vary extensively and are rather skewed. This is most closely resembled by a triangular
distribution, which is often used in organizational processes when not much is known about
the distribution, except that it is continuous and it has a most likely value (Williams, 1992;
Hoffman & Hammonds, 1994). In addition, the triangular distribution is much more visible
for, for example a planner, and is therefore easy to use (Williams, 1992), especially when
Kempenhaeghe would like to simulate some strategies. The triangular distribution is defined
by a minimum, most likely and maximum value, presented in that order between brackets.
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The following strategies will be compared (time in weeks), varying both variance and mean
of the time between consultations. TRI (6, 24, 156)

TRI (6, 35, 156)
TRI (0, 24, 200)
TRI (0, 35, 200)

In addition, these strategies again will be combined with the most suitable allocation method
in order if any combinational effects occur.

6.3 Redesign for Research Question 2

Since simulation does not provide a method for optimization, and one of the questions of
Kempenhaeghe was to determine the optimal" amount of examinations that should be planned
of a certain type, a linear program is developed to determine those amounts.
This program has as purpose to determine how to allocate the capacity that remains after the
demand has been exactly met. This depends on the variety in the arrival process as well as the
number of arriving requests for a certain type of examination. The model aims to minimize
the total weighed waiting time. The weighing is based on the amount of requests for a specific
type of examination.

6.3.1 Mathematical Model

This model has as purpose to find the best allocation of the capacity of the resources to the
various examinations and delivering the optimal number of examinations to be conducted per
type on the basis of overall waiting time. Therefore queuing models are used. Of course the
number of examinations conducted must be at least equal to the average number of arrivals;
therefore this program is mostly useful to determine what happens with the spare capacity
after expected demand has been fulfilled. The allocation of the spare capacity will depend on
the variation in the arrival-process of the demand for each type of examinations, since service
times are assumed to be discrete.

The decision variable is based on the service times for the bottleneck resource, which is in
this case the lab technician capacity of the KNF, however, restrictions in the model ensure
that capacity of the other KNF resources is not exceeded.

Objective function

/

min L aiA;Wqi
i=!

Decision variable

fl i =The number of examinations conducted of type i

37

i={ 1,2, ... ,16}

Eq.6.l



~ Kempenhaeghe

Input variables

a i = Weighing factor indicating the importance of the examination (0-1)

A j = Available capacity per resource type j (minutes per month)

Ai = Arrival process for the demand for examination of type i (per month)

o ji = Amount of capacity needed of resource r to conduct one examination of type i (minutes)

P j = Productivity level per resource type j

Equations

Subject to

fli = int

A1'"2
w=--

ql 2(1- p)

i

U r =I>ji * fli
i=l

C r = P r *A r

for i={ 1,2, ... ,16} Eq.6.2

Eq.6.3

Eq.6.4

Eq.6.5

Variables
Ar = Available capacity per resource (minutes per month)

C j = Actual available capacity per resource (minutes per month)

Ai = Arrival process for the demand for examination of type i (amount per month)

fli = Service rate for examination of type i (amount per month)

o ji = Amount of capacity needed of resource type j to conduct one examination of type i

(minutes)
P j = Productivity level per resource type j

Pi = Utilization of the allocated capacity by examination of type i

(Jr, = Variation in the mean time between arrivals (months)
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'ri =Mean time between arrivals (months) = _1_
Ili

U j =Total capacity of resource type j used

Wqi =Waiting time in the queue for examination of type i (months)

For now, the value of parameter a i is set to I for all examinations, since the "medical

importance" is not yet known and no examination is assumed to be more important than
another. This means that this parameter will have no influence on the model, but that the
model is more flexible should this parameter be defined in the future.
With this model, each period, it can be determined how many examinations to plan per type
of examination. However, question remains how frequent the planning should be updated to
obtain a rather stable situation with acceptable waiting times as well as a good occupancy rate
of the resources. In order to determine a suitable updating period, a simulation using the LP
decision making model is conducted, comparing various update periods. In order to
determine the input (expected demand) for the LP model the number of patients in the queue
at the end of the update period should be taken into account, since they need to be services in
the next period in addition to the expected demand for that period. Since for the examinations
at Kempenhaeghe there are no significant trends to discover in demand for examinations
(either a decrease or an increase) we assume demand to be static, but poisson distributed per
month. However, if a trend were to be noticed in the future, this should of course be used in
the model. This model enables a more flexible planning of examination since it can react on
unexpected variations in demand and allocate the resources more flexible than currently is the
case when only once a year or once per several years the planning is updated.

In order to determine the expected amount that should be served in a certain period (not to be
confused with the expected demand for that period) consists of the expected demand for that
period combined with the remainder of the previous period's demand which has not yet been
served. After each period, it can be calculated again what amount of examinations of certain
type should be planned in the next period. Therefore the demand for the following period
should be calculated, which is done using:

Eq.6.6

With:

(Ap+I )i =The demand to fulfill in period P+ 1

E[Ap+Il =The expected demand for period P+ 1

(Rp)i =The remainder of the demand in period P, which has not been fulfilled in that period

P"pdate =The update period (months)

This will serve as the input for the Linear Programming model in order to calculate the
optimal amount of each examination type that is to be planned. However, before running the
model, it has to be ensured that the capacity available is enough to fulfill at least the
anticipated demand, since the model is only useful to determine how "spare" capacity should
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be allocated, therefore it is first checked whether the necessary capacity to at least fulfill the
demand does not exceed the available capacity. This is done using the equations 5.5 and 5.6.
For Kempenhaeghe, this model, including a check for available capacity was made in an excel
spreadsheet, which use will be elaborated in the following.

6.3.2 Decision making model

In order for Kempenhaeghe to bring the previous model in operation, an excel spreadsheet
was built containing the necessary calculations (see decision making mode1.xls). This
spreadsheet needs to be executed at the beginning of every update period in order to assess the
number of examination of each type to be planned in the next period. The spreadsheet has a
worksheet, on which the necessary variables need to be entered, which are represented by the
yellow boxes. The variables to be entered are: the expected demand for the next period, the
number of patients waiting for an examination after the previous period. In addition, the
capacity available can be adjusted, if changes have occurred during the past period, for
instance in number of hours worked or productivity. Once these variables have been entered,
the model checks whether current capacity is sufficient to fulfill the calculated demand.
The answer to that is displayed in the green box. When the answer is "YES", the
mathematical model can be executed, which will display the amount of examinations to plan
per month in the following period. In Figure 6.1, the worksheet is depicted on which the
variables have to be entered and on which the amount to be planned will be displayed.
The Excel solver is set to a tolerance of 5%, with a maximum number of iterations of I 00, and
a maximum run-length of 1000 seconds.
Note that the worksheet is in Dutch, as it will be used in a Dutch organization.
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Figure 6.1: The worksheet which serves as the input and output of the model

6.3.3 Determining a Suitable Update Period

Now that a model has been formulated, question remains: what update period should be used?
In order to determine the optimal update period, simulation is used to compare the
performance of various update periods. One can imagine that updating every month results in
too frequent intervention and thus an increase in variation, since the arrival process follows a
Poisson distribution, so it is likely that variation will even out in the long run. However,
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updating every year or even two years might be too long, not taking into account increasing
queues or possible trends.
Aided by a simulation model, which represents the examinations and their respective queues,
the performance of each length of update period can be assessed and compared. Performance
of the various periods is defined in waiting time, variation in waiting time and utilization of
the resource (and thus also idle time). An elaboration on the ARENA-model which will be
used to determine this update period can be found in Appendix G.

6.3.4 Additional Simulation Model

An additional simulation model is developed, describing the process of the KNF examinations
by taking as a point of departure what would happen if no planning was made, but when
examinations were executed at the first date after arrival when all necessary resources are
available. This model makes it possible to assess a flexible planning, which can be extended
to a combination of a totally flexible system and a totally planned system, by reserving a part
of the capacity for certain examinations.
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7. Simulation Results

This chapter will present the results from the simulations for both research questions and
discuss the outcomes in terms of best performing strategy for each problem.

7.1 Results for Research Question 1

As stated in the previous chapter, several aspects could be adjusted in order to improve the
performance of the system in terms of waiting times and specialist workload. In order to
assess the best performing strategy for each aspect, a simulation was executed with an
ARENA Simulation model (for the description see Appendix F). For all simulations a run of 5
years was conducted in combination with a warm-up period of also five years, in order to get
data on the system as it should be in "steady state". In addition, 10 replications were used in
order to eliminate run-specific outcomes. In the following the results per aspect will be
addressed as well as the best performing strategy per aspect.

7.1.1 Allocation Method

The results of the different strategies for the allocation of patients to specialists can be seen in
Table 7.1; more detailed results, such as the waiting time per specialist can be found in
Appendix H.

Table 7.1: Results for the various strategies of allocating patients

Current Evenly According to # of According to # of Most suitable
Situation Distributed hours worked cons. per week

ALLOCATION
%ToA 9 25 15 10 15
%ToB 40 25 35 47 42
%ToC 28 25 27 23 25
%ToD 23 25 23 20 18

RESULTS
Avg. Waiting Time lC 90.31 286.72 5.92 34.71 5.92
(days)
Avg. Waiting Time CCP 1.15 1.38 1.43 1.44 1.43
(days)
Avg. Waiting Time 0.06 1.40 1.39 1.38 1.39
Other (days)
Utilization A 0.5508 1 0.9272 0.6134 0.9508
Utilization B 0.8387 0.5257 0.7370 0.9953 0.9350
Utilization C 1 0.9751 0.9919 0.8897 0.9648
Utilization D 1 1 1 1 0.8895

The most suitable allocation was derived from trial and error simulation, note that this is not
necessarily the optimal allocation method, but it does display the most balanced utilization
among the specialists as well as the overall smallest waiting times. Especially waiting times
for a first consultation decrease substantially (93%) and although the waiting times for CCP
and other consultations increase, these waiting times are still rather short (all under 1 Y2 days).
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From the tables in Appendix H it can be seen that the system is not very stable; once a
specialist receives to many patients, his waiting time starts to increase exponentially, which
can be explained by a utilization of more than 1, causing the waiting times to increase rapidly.
Therefore it appears that allocation can be a very crucial aspect for the stability of the system,
especially since utilization of the specialists is high in general (even with a suitable
allocation).
For the current situation the best allocation would be:
- A: 15%
- B: 42%
- C 25%
- D 17%

7.1.2 Additional Capacity

For this aspect, the capacity of A will be increased with 8 and 16 hours respectively.
According to the results from section 7.1.1 the best performing allocation strategy will be
used here, however, since this was found by trial and error, this strategy will be applied here
as well and results will be compared with the results of the best performing allocation strategy
without additional capacity. With this aspect it will be possible to see the effect of an increase
in capacity and whether the effect will be for instance linear or exponential on waiting times.
In Table 7.2 the results for this simulation are shown. In Appendix H more detailed results
can be found.

Table 72' Results for the various strategies of additional capacity..
Current Situation 8 hours additional capacity 16 hours additional capacity
with best
allocation

ALLOCATION 15 20 25
%ToA 42 41 39
%ToB 25 23 21
%ToC 18 16 15
%ToD

RESULTS
Avg. Waiting Time lC 5.92 2.53 2.17
(days)
Avg. Waiting Time CCP 1.43 1.21 1.03
(days)
Avg. Waiting Time 1.39 1.06 0.98
Other (days)
Utilization A 0.9508 0.8261 0.7928
Utilization B 0.9350 0.8829 0.8465
Utilization C 0.9648 0.8767 0.8237
Utilization D 0.8895 0.8297 0.8160

As can be expected, the strategy with 16 hours additional capacity for A performs best in
terms of waiting times (a decrease in waiting time of 63%, 29%, and 29% respectively for the
types of consultations). In Figure 7.1, the average waiting time per additional capacity can be
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seen. Especially the waItmg time for the first consultations decreases with an additional
capacity of 8 hours. The difference in waiting times between 8 and 16 hours is a rather small,
probably because the utilization is already small enough to ensure a stable system. The choice
for additional capacity depends on the question whether an increase in demand can be
expected or whether specialists need more time for other activities such as research or
administration, causing a need for a lower utilization.

Average waiting time V5. additional capacity

7

6

o
o 8

Waiting Time (days)

16

--1C
_. ·CCP

Other

Figure 7.1: Average waiting time per type ofconsultation vs. the additional capacity

7.1.3 Length of Stay

7.1.3.1 Ideal Health Care Path

Here the performance of the ideal health care path is compared to the performance of the
current situation in order to see what the effect would be of patients having a predefined
health care path. The results can be obtained from Table 7.3.Again, more detailed results can
be found in Appendix H.
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Table 73' Results for the current situation vs the ideal health care path..
Current Situation Ideal Health Care Path

RESULTS
Avg. Waiting Time lC 90.31 22.92
(days)
Avg. Waiting Time CCP 1.15 476.53
(days)
Avg. Waiting Time Other 0.06 1.42
(days)
Utilization A 0.5508 0.4693
Utilization B 0.8387 0.6778
Utilization C 1 0.9123
Utilization D 1 1

The ideal health care path performs better in terms of first consultation waiting time (decrease
of 74%), however, the waiting times for CCP and repeat consultations are much worse.
Reason for this might be that in the simulation model the path is very rigid, with for instance
exactly 6 weeks in between consultations. In real life, this does not necessarily need to be
exactly 6 weeks, but following a predicted path should make it easier to predict when a
patient will require care again and anticipate on that. However, this is very difficult to model
and is often done by human insight and intervention. Therefore this simulation might not
represent the possible benefits of less variety and thus predictability in patient care
requirements.

7.1.3.2 Number of Consultations

The results for the various strategies as defined in section 6.2.3.2 can be seen in the following
tables (7.4 and 7.5), with both the current allocation method as well as the most suitable (best)
allocation method. More detailed results are displayed in Appendix H. The simulation will be
conducted with the most suitable allocation method as found in 7.1.1.

Table 74' Results for varying the number ofconsultations with current allocation..
Current Situation 50% after 6 100% after 6 50% after 5 100% after 5

RESULTS
Avg. Waiting Time lC 90.31 78.05 44.80 28.62 19.32
(days)
Avg. Waiting Time CCP 1.15 1.46 1.41 1.39 1.41
(days)
Avg. Waiting Time Other 0.06 1.34 1.78 1.22 1.17
(days)
Utilization A 0.5508 0.5558 0.5122 0.4811 0.4327
Utilization B 0.8387 0.8221 0.7981 0.7476 0.7052
Utilization C 1 1 0.9827 0.9445 0.8891
Utilization D 1 1 1 1 1
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As can be expected, the strategy with the least average consultations per patient (l00% of the
patients leaving the system after 5 consultations) performs best with respect to the balance in
waiting times and especially first consultation waiting times (- 78%).

Table 75' Results for varying the number ofconsultations with best allocation..
Best allocation 50% after 6 100% after 6 50% after 5 100% after 5

RESULTS
Avg. Waiting Time lC 5.92 3.88 3.20 2.61 2.38
(days)
Avg. Waiting Time CCP 1.43 0.69 0.67 0.66 0.64
(days)
Avg. Waiting Time Other 1.39 1.36 1.28 1.19 1.12
(days)
Utilization A 0.9508 0.8992 0.8722 0.8241 0.8089
Utilization B 0.9350 0.8791 0.8435 0.7881 0.7166
Utilization C 0.9648 0.9329 0.8846 0.8567 0.8145
Utilization D 0.8895 0.9242 0.9017 0.8268 0.7889

For the best allocation method, again the last strategy (100% of the patients leaving the
system after 5 consultations) performs best in terms of waiting times. So a combination of the
two strategies does perform best, however allocating correctly has a larger effect (-93%) than
reducing the number of consultations (-78%). Therefore, only implementing a better
allocation method would have a large effect on the (balance in) waiting times, which could be
slightly further decreased by decreasing the number of consultations.
However, reducing the number of consultations might actually not be a suitable and even an
impossible strategy, since many patients will be referred to the nurse practitioner. The best
strategy here is the one that balances the utilization of both the specialists and the nurse
practitioner. In addition, it must be medically responsible to discharge a patient from a
specialist and refer him to the nurse practitioner, although of course the nurse practitioner can
always refer the patient back or ask a specialist for advice

7.1.3.3 Time between Consultations

In Table 7.6 and Table 7.7 the results for the various times between consultations can be seen
for both the current allocation method as well as the most suitable (best) allocation method.
The various times between consultations follow a triangular distribution, with the parameters
in weeks. Detailed results can be obtained from Appendix H. The simulation will be
conducted with the most suitable allocation method as found in 7.1.1.

Table 7.6: Results for varying the mean and variance of the time between consultations with current allocation

Current Situation TRI (6,24,156) TRI (6,35,156) TRI(0,24,200) TRI(0,35,200)
RESULTS
Avg. Waiting Time lC 90.31 23.97 21.33 128.89 117.37
(days)
Avg. Waiting Time CCP 1.15 1.43 1.44 1.44 1.46
(days)
Avg. Waiting Time Other 0.06 1.38 1.36 1.37 1.37
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(days)
Utilization A 0.5508 0.6337 0.5911 0.5222 0.5684
Utilization B 0.8387 0.9848 0.9827 0.8543 0.8598
Utilization C 1 0.8485 0.8837 1 1
Utilization D 1 0.9925 0.9975 1 1

The results show that the first two strategies (those with less variation) perform better than the
ones with more variation, with respect to the waiting times for first consultations (a 73% and
76% decrease respectively). However, waiting times for CCP and other consultations increase
somewhat In addition, the strategy with a higher average time between consultations seems to
be performing slightly better, especially in terms of waiting time for the first consultation.
However, this difference is not that substantial as the effect caused by the variation in time
between consultations.

Table 7.7' Results for varying the mean and variance of the time between consultations with best allocation

Best allocation TRI (6,24,156) TRI (6,35,156) TRI(O,24,200) TRI(O,35,200)
RESULTS
Avg. Waiting Time lC 5.92 4.99 4.33 4.29 4.60
(days)
Avg. Waiting Time CCP 1.43 0.68 0.69 0.67 0.68
(days)
Avg. Waiting Time Other 1.39 1.35 1.36 1.35 1.32
(days)
Utilization A 0.9508 0.9166 0.9355 0.8958 0.9037
Utilization B 0.9350 0.8881 0.8842 0.87 0.8722
Utilization C 0.9648 0.9511 0.9469 0.9499 0.9188
Utilization D 0.8895 0.9277 0.9141 0.9246 0.9043

Again, for the best allocation method, there are no large differences in waiting times
compared to the best allocation method. So again it can be concluded that the allocation of
patients to a specialist has the largest effect on the waiting times (-93%) compared to a
varying the time between consultations (76%) Although a combination of both will achieve
the smallest waiting times, they are not substantially lower than the waiting times generated
by only adjusting the allocation method.
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7.2 Results for Research Question 2

The results for the simulation of Research Question 2 concern the determination of the
optimal update period. Four possible update periods are assessed: I month, 3 months, 6
months and I year. Per update period, the utilization of the planned examination and the
average waiting time for the examination are recorded and compared. The results of the
simulation (Appendix G) that was executed using the ARENA model in combination with the
mathematical program as was described in Chapter 6 are shown in Table 7.8 and 7.9, which
give the performance indicators as defined above for each examination. For each update
period a period of 2 years was simulated, using 3 replications, due to time constraints.

1 2.12 4.73 10.18 11.21
2 5.54 12.19 14.00 17.66

3 2.94 6.36 8.70 11.57
4 2.53 5.99 9.29 5.72
5 6.10 12.93 20.96 43.40
6 4.24 17.00 23.76 35.76
7 2.75 4.06 5.64 7.14
9 3.18 7.85 8.05 5.62

10 3.22 5.93 8.66 20.58
11 6.18 12.15 21.63 72.97
12 4.39 2.86 1.60 1.82
13 4.35 9.63 7.82 6.40
14 2.01 5.92 10.64 26.81
15 3.22 3.88 4.59 4.61
16 2.09 6.11 6.33 9.70

1 0.889542 0.925481 0.97635 0.97215
2 0.887023 0.7155 0.5906 0.53805

3 0.881267 0.933975 0.962175 0.969075
4 0.86165 0.94625 0.908125 0.8378
5 0.931419 0.95965 0.97175 0.96945
6 0.8032 0.875425 0.850163 0.848825
7 0.845083 0.858569 0.840675 0.76425
9 0.870875 0.869875 0.869563 0.77615

10 0.879217 0.921988 0.940313 0.97015
11 0.961581 0.951025 0.929275 0.968975
12 0.678794 0.380631 0.311575 0.327775
13 0.869133 0.905106 0.812875 0.719125
14 0.903006 0.969588 0.990213 0.99425
15 0.907729 0.844517 0.873875 0.826525

16 0.867144 0.946356 0.9439 0.9785
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In Appendix I, figures can be found representing the variation in waiting times and utilization
during the 2-year run-period for each update period.
The most suitable update period is determined by a balance between both the waiting time
and the utilization. In Figure 7.2 the waiting time versus the utilization is shown for each
update period.

Average weighed utilization vs. waiting time per update period
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Figure 7.2: The average weighed waiting time versus the utilization for each update period

As can be seen in the figure, waiting times increase non-linearly when utilization increases,
which is in line with literature (Kulkarni, 1999). In combination with the figures in Appendix
I, it appears that 6 months is a suitable update period: It combines a rather high utilization
with reasonable waiting times and reasonable variation, resulting in the most stable system.
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8. Conclusions and Recommendations

In the following, the conclusions on the simulations will be summarized and combined with
recommendations for both research questions. In addition, some general recommendations
and remarks will be made.

8.1 Research Question 1

In order to answer Research Question I: What can be done to reduce waiting times at the
CSW department, especially for the OSAS related specialists?
The simulation results presented in Chapter 7 will be revisited. It can be concluded that an the
most important aspect for reducing waiting times is the allocation of patients to a specialist
(decrease of 93%). However, as for all recommendations medical constraints are not taken
into account. Although a suitable allocation method has been presented, it should be reviewed
whether this is medically possible. Since B is the expert in the field of breath-related sleeping
disorders, he receives the most complex patients. Therefore it should be assessed whether the
percentage of complex patients does not exceed the percentage of patients allocated to him.
The same applies for A who only treats rather "simple" patients.
In addition, additional capacity would reduce the workload for the specialists and reduce
waiting times. Since A will be working more, it is a possibility that she will use the extra
hours to have more patients under treatment.
Another possibility for reducing workload and decreasing waiting times is reducing the length
of stay of a patient in the system by either reducing the number of consultations a patient
receives from a specialist by referring the patient to the nurse practitioner or even the GP
(causing a decrease of 78% in waiting times) or reducing the length of stay of a patient by
reducing variation. However, again medical constraints may cause these solutions to be
unsuitable. In addition, it would be difficult to adjust waiting times such that a coordinated
planning between patients arises, so this would take much insight from the person
determining the possible time between consultations.
If medical constraints were not taken into account, the first thing Kempenhaeghe should do is
adjust their allocation method for assigning patients to specialists, since this reduces waiting
times substantially and creating a more balanced workload over the specialists. In addition,
this is also probably the most easy-to-implement solution in the short terms. Long term, the
other solutions might have more effect, since they actually either increase the amount of
capacity available or decrease the amount of capacity needed. Especially if demand will
increase, those are more sustainable solutions. However, even then the allocation method
should be taken into account and be the most suitable as possible.

8.2 Research Question 2

To answer research question: What can be done to reduce waztzng times for certain
examinations executed by the KNF? a decision making model was developed, aiding
Kempenhaeghe in making the decision how many examinations to plan of a certain type in
order to reduce the total weighed waiting time. In addition, the planning should be updated
more frequently in order to anticipate on changes and/or anomalies. The most suitable update
period is a period of 6 months, ensuring reasonable utilization and waiting times as well as a
small variation per update period, resulting in a rather stable system. The excel tool should be
easy to use, with the yellow boxes indicating which variables serve as input and should thus
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be generated by Kempenhaeghe; the steps to follow to run the solver are also stated on the
input-page, enabling the use of the model without understanding the underlying calculations.
Therefore the use of the decision-making model is easy to implement and can be used in
already existing processes. The use of the update period should also be easy to implement,
since no substantial changes ought to be made in the processes and only once per half year the
planning requires updating, so it will not be a time consuming matter.
In addition, the additional model, which was not used in this report to assess processes,
enables Kempenhaeghe to assess the process of KNF examinations also in the future, meaning
that different strategies and changes in external variables can be assessed when they occur.
Although the additional model has not been elaborated on in detail in this report,
Kempenhaeghe will hopefully find this model useful in combination with the manual written
for it.

8.3 General Recommendations

The general recommendations mostly encompass the data registration at Kempenhaeghe.
Since they work on a new patient registration system, it would be wise to take into account
the data that would be required to assess the performance of the processes in addition to the
data required to serve patients and inform the specialists. This would include better
registration of no-shows, request data for examinations as well as more coordinated planning
between departments. For instance, the planner currently does not have access to the planning
of certain departments, resulting in long lead times before a combined examination can be
planned. This results from the need for information from a department on possible
examination dates, which the planner than has to match to possible examination dates for
another department. If the planner would have access to all schedules, this lead time would be
greatly reduced.
In addition, process descriptions should be defined on the examinations; i.e. what sequential
steps are embedded in the process, which resources are necessary for these steps and how
much capacity per resource is required. With this description, it will become possible to
coordinate the steps and resources more appropriately.

51



9. Limitations and Further Research

This chapter will discuss the limitations of the project and will additionally give directions for
further research. First some limitations regarding the whole project are addressed, before
describing more specific limitations per research question

- The limitation that has the greatest impact on the whole project is the one of limited
knowledge on medical constraints. This makes it very difficult to formulate conclusions, since
it is always possible that a possible solution is unsuitable because of medical aspects.

- Second, since data was not always available or with missing parts, it might be that
assumptions made are not necessarily valid for this situation. Therefore data-collection and
registration is a very important aspect when assessing the performance of the processes,
which should be taken into account when designing a new patient registration system.

9.1 Research Question 1

- The required capacity of OSAS patients is based on averages; the DVA Group mentioned
earlier will conduct further and more detailed research on this problem of long waiting times
for the Sleeping Disorder Department. They will further detail the required care for this type
of patients resulting in more insight in projected health care paths, enabling a more efficient
coordination of required and available capacity.

- The time between consultations is assumed to follow a triangular distribution. However, this
has not been statistically validated. More research should be done on an appropriate
distribution for the time between consultations.

- No assessment has been made of the nurse practitioner capacity. Naturally, if no medical
constraints form an obstacle to decrease the number of consultations with a specialist and
refer patients to the nurse practitioner, it is of vital interest that the nurse practitioner has
enough capacity to treat the patients with an acceptable waiting time for the patients and a
reasonable workload for the nurse practitioner.

9.2 Research Question 2

- The planning made for the KNF examinations is a tactical planning per week, so this still
has to be translated in an operational planning. This will require more analysis on the
capacity available per day, coordination between the resources and the specific steps during
an examination and the involved resources per step.

- The analytical model uses an MlGIl queue, which seems to represent the waiting times to
some extent, but not totally accurate. Playing with the parameters, such as process times and
productivity might increase the fit of the model.

- The mathematical program only includes human resources, no beds or materials were taken
into account, since they are assumed not to bottleneck-resources. Directions for further
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research could comprise including these resources in the program, as well as taking the
dependencies of all resources for an examination into account.

- The decision making tool was made using the Excel Solver, which is known to not always
perform optimally. No analysis on the working of the model has been done in terms of
varying the settings for tolerance, maximum number of iterations or run-length. Further
research could include varying these settings or building the same type of tool in a different
program, for instance Visual Basic, in order to compare the outcomes and assess the validity
of the model. Although the solver at first sight appears to work appropriately, this is not data
based.

- An additional direction for further research could be the determination of the weighing
factor for the mathematical program. This factor indicates the relative importance of the
examination in respect to other examinations.
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List of Symbols

Research Question 1

CAs = The amount of specialist capacity available (minutes) per year (41 weeks)

CRs =The capacity required per patient per year (minutes)

d x, = The duration of a consultation of type x for specialist s (minutes)

D i =The number of discharges in period i

H s = The number of hours worked per week by the specialist

LoS = The length of stay of a patient in the system (years)
nx = The number of consultations of type x a patient receives during its stay in the

system
Pmax = The maximum number of patients a specialist can have in his system

Ri = The number of referrals in period i

Si = The average number of patients in the system at the end of period i

Research Question 2

A j = Available capacity per resource type j (minutes per month)

C j = Actual available capacity per resource type j (minutes per month)

Ca j = The available capacity in minutes per month for resource type j

Cu j = The capacity needed resource group j to fulfill the demand per month

dij = The duration of the examination of type i (minutes) for resource group j

FTEej =The number of Full Time Equivalent {0-1} per employee e within resource group j

A= Arrival rate
Ai = Arrival process for the demand for examination of type i (per month)

(Ap+I )i = The demand to fulfill in period P+1

E[Ap+Il = The expected demand for period P+1

f.l i = Service rate for examination of type i (per month)

o ji = Amount of capacity needed of resource r to conduct one examination of type i (minutes)

P j = The productivity of resource group j

~pdale = The update period (months)

P = Traffic intensity (or utilization)

Pi = Utilization of the allocated capacity by examination of type i

(Rp)i = The remainder of the demand in period P, which ha snot been fulfilled in that period

(J2 =Variance in service times
(J" = Variation in the mean time between arrivals (months)

r = independent and identically distributed service times
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"i =Mean time between arrivals (months) = _1_
Pi

U j = The Utilization of resource j

Wq =The expected waiting time in the queue

Wqi =Waiting time in the queue for examination of type i (months)

Xi = The demand per month for examinations of type i, i={ 1,2, ... ,16}
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List of Abbreviations

This List contains the abbreviations used throughout the report. The translation of the
meaning of the abbreviation is placed behind the meaning between brackets.

IC =Eerste Consult (First Consultation)
ICS =Spoed Eerste Consult (Emergency First Consultation)
CC =CPAP of BiPAP Controle Consult (Check up Consultation on BiPAP or CPAP)
CCP =Uitslag Consult Polymesam (Result Consultation Polygraph)
CSW =Centrum voor Slaap- en Waakstoornissen (Centre for Sleeping Disorders)
D&B =Diagnose & Behandeling (Diagnosis & Treatment)
DRG = Diagnostic Related Group (Diagnostisch Gerelateerde Groep)
DVAG =Data Verzameling en Analyse voor de Gezondheidszorg (Data Collection and

Analysis for Health Care Organizations
HC =Herhaal Consult (Repeat Consultation)
HCRC = Health Care Request Code (Zorgvraagcode)
KC =Klinisch Consult (Clinical Consultation)
KCD =Telefonisch Uitslag Consult (Telephonic Result Consultation)
KNF =Klinische Neuro Fysiologie (Clinical Neurophysiology)
MIS =Medisch Informatie Systeem (Medical Information System)
NVZ =Nederlandse Vereniging van Ziekenhuizen
OSAS =Obstructive Sleep and Apneu Syndrome (Obstructieve Slaap en Apneu Syndroom)
SAAS =Snurk- en AdemhalingsAfhankelijke Slaapstoornis (Snore- and Breathrelated

Sleepingdisorder)
TC =Telefonisch Consult (Telephonic Consultation)
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Appendix A: Organizational Structure of the Department of
Diagnosis & Treatment
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Appendix B: Orientation Interviews

The following persons were interviewed in the orientation phase of the Master Project. Here,
their function and department are given.

Name:

Marianne van Beers

Lia de Ruijter

Ed van Aalst

Renate van der Vloet

Ellen Poelman

Esther van de Broek

Ron Gielen

Function:

Functional Manager

Sector Manager

Cluster Manager V&V

Quality Staff Member

Cluster Manager V&V

Staff Member I&A:
Projects

Manager KNF

2

Department:

Diagnosis & Treatment

Inpatient Clinic, Dpt. G/E/F

Diagnosis & Treatment

Inpatient Clinic, Dpt. AlB

Information & Automation

KNF
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Appendix C: Cause and Effect Diagram

'Informal' Cause & Effect Diagram (Van Aken, 2005) for Kempenhaeghe, Specialized Clinic in Epilepsy and Sleeping Disorders
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Appendix D: Enlarged Image of Figure 5.4
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Appendix E: Listing of all KNF Employees per Category, including their FTE

Kempenhaeghe

Neuroloog 33,50 Gespec. Lab. KNF 34,20 Secretaresse 1,92 Koord.Klin.Fys. 18,00 Afd.Helpende 21,60

Neuroloog 36,00 Allr.Lab./man.log. 24,00 Secretaresse Progr. 24,00 Medisch Fysicus 36,00 Afd.Helpende 18,00

Neuroloog 31,50 Gespec. Lab. KNF 28,80 Secretaresse 24,00 Medew.Elektr. 36,00 Afd.Helpende 18,00

Neuroloog 27,00 Allround Lab.KNF 18,00 Secretaresse 7,00 Medew.Elektr. 16,00 Afd.Helpende 18,00

Neuroloog 30,00 Allround Lab.KNF 18,00 Med. Secretaresse 18,00 Ala 36,00 Afd.Helpende 6,20

Allround Lab.KNF 19,00 Afd.Helpende 18,00

Allround Lab.KNF 9,00 Afd.Helpende 18,00

Allround Lab.KNF 18,00
Allround Lab.KNF 14,40
Gespec. laborant knf 30,00
Allround Lab.KNF 18,00
Gespec. laborant knf 32,00
Laborant KNF 7,20
Laborant KNF 24,00
Gespec. laborant knf 36,00
Allround Lab.KNF 20,00
Allround Lab.KNF 28,80
Laborant KNF 28,80
Laborant KNF 28,80
LL Laborant KNF 36,00
LL Laborant KNF 36,00
LL Laborant KNF 36,00
LL Laborant KNF 36,00

TOTAL (HrslWeek) 158,00 581,00 74,92 142,00 117,80

TOTAL (HrslYear) 6478,09 23821,00 3071,72 5822 4829,8

6



qKempenhaeghe

Appendix F: Elaboration on the ARENA Simulation Models for
Research Question 1

This Appendix will elaborate on both the model for the current situation as well as the ideal
situation with respect to research question 1

F.1 Model Representing the Current Situation

This model represents the current situation, with some aspects somewhat simplified.
Patients receive either a first consultation, with a certain average duration, a CCP (results
consultation of fixed duration, or a random consultation with various possible values,
depending on the serial number of the consultation. For each consultation the chance on a
consultation of certain duration (in minutes) was calculated and can be seen in Table F.l. The
format (PI ,VI; P2,V2; ... ) means a chance of PI to have a consultation of duration VI
minutes.
For the time between consultations, a Triangular Distribution was chosen, since these times
vary extensively and are rather skewed. This is most closely resembled by a triangular
distribution, which is often used when not much is known about the distribution, except that it
is continuous and it has a most likely value (Williams, 1992).

The input parameters for the model representing the current situation are shown in Table F.l.
This model will serve as the basis for assessing the various strategies as defined in Chapter 6.
For these various strategies these parameters can be adjusted according to the strategy under
discussion.

Table F /. Input-parameters for the ARENA Simulation model..
Consul- Duration (min) Duration (min) Chance of Chance of Duration until cons.
tation (B) (Others) receiving being a CCP (weeks)

1 (0,84,30; 0,16,15) (0,84,60; 0,12,30; 0,04,15) 1 - -
2 (0,02,30; 0,98,15) (0,02,60; 0,80,30; 0,18,15) 0,895 0,213 TRI (0,13, 186)
3 (0,01,30; 0,99,15) (0,01,60; 0,64,30; 0,35,15) 0,627 0,256 TRI (0,12, 229)
4 (0,01,30; 0,99,15) (0,01,60; 0,65,30; 0,34,15) 0,472 0,222 TRI (0,13, 184)
5 (0,01,30; 0,99,15) (0,01 ,60; 0,69,30; 0,30,15) 0,364 0,090 TRI (0,18, 162)
6 (1,15) (0,68,30; 0,32,15) 0,263 0,093 TRI (0,22, 170)
7 (0,84,30; 0,16,15) (0,01,60; 0,69,30; 0,30,15) 0,189 0,021 TRI (0,21, 199)

In addition to these parameters, Kempenhaeghe has a policy to prioritize patients already in
the system before new patients. This is also added in the model by giving patients coming for
a CCP or a different type of consultation priority over new patients.
A graphical representation of the model describing the current situation can be found in
Figure F.l

F.2 Model Representing the Ideal Health Care Path

As already described in Chapter 6, the ideal health care paths for OSAS Patients consists for
40% out of CPAP patients and 60% BPAP Patients. The health care paths (and thus sequence
of the consultations) can be modeled rather straightforward, since the duration, sequence and
time between consultations are known.

7



Figure F.1: Graphical representation ofthe ARENA-model representing the current situation
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Appendix G: Elaboration on the ARENA Simulation Model for
Research Question 2

This Appendix will elaborate on the model and its use in order to determine the optimal
update period as described in Chapter 6.
In Figure G.I, a graphical representation of the model is shown, in which it can be seen that
there are separate processes for each type of examination, in Figure G.2 one separate process
is depicted in order to explain the input of the model.

Figure G.l: Graphical representation of the ARENA simulation model

For each period, a simulation run is executed, with the expected demand for that period in the
"Arrival x" block (x indicating the type of examination). The remaining patients from the previous
period, which means the patients still waiting, are inserted in the model via the "Over x" block. The
service time, which is the inverse of the number per month planned as results from the decision
making model serves as input for the process (HER in the example figure). Then the model is
executed for the next period. In order to determine the most suitable update period, average waiting
times and utilization of the planned examinations are measured and compared.

,
~i I

I Ii

W
Ml::r

~
D

Figure G.2: Close-up of the process for one examination
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Appendix H: Detailed Simulation Results for Research Question 1

All waiting times in the tables are in hours, with the hold, PMS, "uitlezen" and CCP together
form the total time for a CCP consultation, represented by CCP TOTAL

H.1 Allocation Method

Table H.I: Detailed simulation results for the current situation

Current situation

A B C D
Allocation 9 40 28 23
1C 65.4 52.76 2725.85 5825.85
Hold 25.9 28.87 30.6 25.64
PMS 1.66 1.66 1.66 1.66
Uitlezen 14.16 14.16 14.16 14.16
CCP 44.09 6.19 4.74 20.05
CCPTOTAL 59.91 22.01 20.56 35.87
Other 46.92 24.75 22.8 38.29
In 833 3859 2774 2222
Out 762 3325 2293 1735
Utilization 0.5508 0.8387 1 1

..

Evenly Distributed

A B C D
Allocation 25 25 25 25
1C 16341.54 34.45 248.38 10901.02
Hold 37.86 24.15 28.31 25.92
PMS 1.4 1.4 1.4 1.4
Uitlezen 14.41 14.41 14.41 14.41
CCP 40.53 4.52 4.61 19.72
CCPTOTAL 56.34 20.33 20.42 35.53
Other 52.25 22.41 22.2 37.64
In 2394 2435 2495 2501
Out 1510 2077 2117 1718
Utilization 1 0.5257 0.9751 1

Table H 2' Detailed simulation results for evenly distributed allocation

10
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Table B.3: Detailed simulation results for allocation based on the # of hou

According to hours worked

A B C 0
Allocation 15 35 27 23
1C 145.59 44.39 516 7190.34
Hold 35 27.58 31.4 23.61
PMS 1.74 1.74 1.74 1.74
Uitlezen 13.79 13.79 13.79 13.79
CCP 41.58 5.46 5.04 18.52
CCPTOTAL 57.11 20.99 20.57 34.05
Other 49.6 23.63 22.37 38.95
In 1498 3325 2588 2206
Out 1214 2954 2208 1787

Utilization 0.9272 0.737 0.9919 1

rs worked

Table B.4: Detailed simulation results for allocation based on the # ofconsultations executed per week

According to # of ex. Executed

A B C 0
Allocation 10 47 23 20
1C 65.18 1085.19 65.7 2116.55
Hold 27.29 38.59 27.36 23.54
PMS 1.91 1.91 1.91 1.91
Uitlezen 14.39 14.39 14.39 14.39
CCP 42.41 6.81 3.97 20.08
CCPTOTAL 58.71 23.11 20.27 36.38
Other 45.74 28.22 21.31 37.86
In 988 4697 2231 2006
Out 828 2988 1992 1707

Utilization 0.6134 0.9953 0.8879 1

,

Fine Tuninq b\ trial and error

A B C 0
Allocation 15 42 25 18
1C 217.83 76.96 183.88 89.8
Hold 38.21 38.27 30.32 24.43
PMS 2.11 2.11 2.11 2.11
Uitlezen 13.61 13.61 13.61 13.61
CCP 41.4 6.76 4.83 22.25
CCPTOTAL 57.12 22.48 20.55 37.97
Other 50.79 27.1 22.41 33.56
In 1485 4212 2424 1641
Out 1423 4068 2345 1584

Utilization 0.9508 0.935 0.9648 0.8895

Table H.5: Detailed simulation results for the most suitable allocation method obtained by trial and error

11
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H.2 Additional Capacity

..
8 hours additional

A B C D
Allocation 20 41 23 16
1C 48.18 58.08 61.31 75.66
Hold 27.46 35.49 26.75 22.64
PMS 2.08 2.08 2.08 2.08
Uitlezen 13.23 13.23 13.23 13.23
CCP 19.96 6.79 4.34 24.09
CCPTOTAL 35.27 22.1 19.65 39.4
Other 22.98 26.02 20.91 31.95
In 1963 3976 2208 1534
Out 1915 3845 2115 1470

Utilization 0.8261 0.8829 0.8767 0.8297

Table H 6' Detailed simulation results for 8 hours additional capacity

Table H.7: Detailed simulation results for 16 hours additional capacity

16 hours additional

A B C D
Allocation 25 39 21 15
1C 33.81 53.17 48 73.97
Hold 25.67 33.35 25.28 23.6
PMS 2.13 2.13 2.13 2.13
Uitlezen 12.79 12.79 12.79 12.79
CCP 5.9 6.68 3.93 23.47
CCP TOTAL 20.82 21.6 18.85 38.39
Other 17.16 25.33 20.34 31.38
In 2483 3831 2088 1494
Out 2357 3639 1981 1496

Utilization 0.7928 0.8465 0.8237 0.816

12
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H.3 Length of Stay

H.3.1 Ideal Path

..
Ideal oath (current allocation)

A B C D
Allocatie 9 40 28 23
1C 57.38 40.73 72.01 2030.92
Hold 1 22319.03 22319.03 22319.03 22319.03
1PMS 6.85 6.85 6.85 6.85
1Uitlezen 14.55 14.55 14.55 14.55
1CCP 41.31 13.07 5.18 16.06
Hold 2 482.05 482.05 482.05 482.05
2PMS 6.85 6.85 6.85 6.85
2Uitlezen 14.42 14.42 14.42 14.42
2CCP 19.61 10.05 4.35 10.81
HC CPAP 50.71 7.85 18.45 30.73
1HC
BPAP 53.28 7.3 18.3 31.51
2HC
BPAP 66.92 10.38 19.71 30.29
3HC
BPAP 85.1 36.01 28.96 52.88
In 886 3887 2717 2281
Out 572 2580 1813 1422

Utilization 0.4693 0.6778 0.9123 1

Table H 8' Detailed simulation results for the ideal health care path

H.3.2 Number of Consultations

Current Allocation

50% chance leavina after 6

A B C D
Allocation 9 40 28 23
1C 62.05 50.15 1772.12 5609.05
Hold 26.55 28.82 29.94 24.86
PMS 1.7 1.7 1.7 1.7
Uitlezen 14.25 14.25 14.25 14.25
CCP 44.31 6.1 4.71 21.39
CCPTOTAL 60.26 22.05 20.66 37.34
Other 45.45 23.94 22.46 36.93
In 912 3872 2739 2284
Out 780 3553 2417 1851

Utilization 0.5558 0.8221 1 1

Table H.9: Detailed simulation results for a chance of50% ofleaving the system after 6 consultations
(Current Situation)

13
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100% chance leavinq after 6

A B C 0
Allocation 9 40 28 23
1C 63.02 46.27 280.41 3911.42
Hold 24 29.93 28.8 24.23
PMS 1.59 1.59 1.59 1.59
Uitlezen 14.16 14.16 14.16 14.16
CCP 42.55 5.76 4.54 19.84
CCPTOTAL 58.3 21.51 20.29 35.59
Other 42.75 42.75 42.75 42.75
In 885 3931 2725 2291
Out 784 3640 2566 1944

Utilization 0.5122 0.7981 0.9827 1

Table HI 0: Detailed simulation results for a chance of 100% of leaving the system after 6 consultations
(Current Situation)

50% chance leavina after 5

A B C 0
Allocation 9 40 28 23
1C 60.32 43.43 84.31 2560.23
Hold 25.5 27.97 28.89 23.81
PMS 1.93 1.93 1.93 1.93
Uitlezen 13.01 13.01 13.01 13.01
CCP 43.51 5.25 4.81 20.73
CCPTOTAL 58.45 20.19 19.75 35.67
Other 42.22 22.25 19.85 33.47
In 862 3802 2728 2226
Out 793 3739 2577 2062

Utilization 0.4811 0.7476 0.9445 1

Table HII: Detailed simulation results a chance of50% ofleaving the system after 5 consultations
(Current Situation)

100% chance leavinq after 5

A B C 0
Allocation 9 40 28 23
1C 59.86 39.74 74.8 1681.15
Hold 22.07 26.79 27.96 23.58
PMS 1.61 1.61 1.61 1.61
Uitiezen 13.88 13.88 13.88 13.88
CCP 42.74 5.51 4.47 21.55
CCPTOTAL 58.23 21 19.96 37.04
Other 40.79 20.87 18.47 32.32
In 833 3898 2754 2284
Out 823 3790 2731 2251

Utilization 0.4327 0.7052 0.8891 1

Table HI2: Detailed simulation results for a chance of 100% of leaving the system after5 consultations
(Current Situation)

14



"Best" Allocation

Table H.i3: Detailed simulation results for a chance of50% ofleaving the system after 6 consultations
(Best Allocation)

50% chance leavinQ after 6

A B C 0
Allocation 15 42 25 18
1C 110.52 57.52 90.07 114.61
Hold 39.69 35.23 29.07 24.45
PMS 2.01 2.01 2.01 2.01
Uitlezen 13.52 13.52 13.52 13.52
CCP 41.87 6.25 5.05 21.33
CCPTOTAL 24.2725 14.2525 12.4125 15.3275
Other 49.45 25.78 21.47 33.95
In 1447 4060 2436 1765
Out 1414 4065 2362 1712

Utilization 0.8992 0.8791 0.9329 0.9242

Table H.i4: Detailed simulation results for a chance of 100% of leaving the system after 6 consultations
(Best Allocation)

100% chance leavinQ after 6

A B C 0
Allocation 15 42 25 18
1C 97.72 50.79 60.49 99.07
Hold 38.97 33 27.52 23.58
PMS 2.01 2.01 2.01 2.01
Uitlezen 13.36 13.36 13.36 13.36
CCP 43.15 6.01 4.79 21.53
CCPTOTAL 24.3725 13.595 11.92 15.12
Other 47.56 23.91 20 31.66
In 1499 4163 2405 1802
Out 1458 4157 2446 1747

Utilization 0.8722 0.8435 0.8846 0.9017

Table H.i5: Detailed simulation results for a chance of50% ofleaving the system after 5 consultations
(Best Allocation)

50% chance leavinQ after 5

A B C 0
Allocation 15 42 25 18
1C 81.36 45.48 51.65 72.14
Hold 36.22 28.55 27.96 23.03
PMS 1.8 1.8 1.8 1.8
Uitlezen 13.6 13.6 13.6 13.6
CCP 43.32 6.01 4.73 23.39
CCPTOTAL 23.735 12.49 12.0225 15.455
Other 45.43 22.19 18.73 28.54
In 1471 4105 2453 1735
Out 1451 4089 2441 1736

Utilization 0.8241 0.7881 0.8567 0.8268

15
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Table H.16: Detailed simulation results for a chance of 100% ofleaving the system after 5 consultations
(Best Allocation)

100% chance leaving after 5

A B C 0
Allocation 15 42 25 18
1C 79.7 40.44 46.11 62.29
Hold 33.06 26.37 25.63 23.09
PMS 1.42 1.42 1.42 1.42
Uitlezen 13.95 13.95 13.95 13.95
CCP 44.65 5.34 4.16 24.47
CCPTOTAL 23.27 11.77 11.29 15.7325
Other 43.32 20.96 17.58 25.7
In 1527 4001 2503 1758
Out 1494 4052 2480 1755

Utilization 0.8089 0.7166 0.8145 0.7889

H.3.3 Time between Consultations

Current Allocation

Table H.17: Detailed simulation results for a time between consultations following TR1(6, 24, 156)
(Current Situation)

TRI (6,24,156)

A B C 0
Allocation 9 40 28 23
1C 68.19 603.71 48.93 1581.12
Hold 28.09 38.32 26.36 23.29
PMS 1.88 1.88 1.88 1.88
Uitlezen 14 14 14 14
CCP 42.48 6.8 4.52 20.75
CCPTOTAL 58.36 22.68 20.4 36.63
Other 47.66 28.4 20.26 36.48
In 999 4600 2144 1924
Out 826 3636 1815 1547

Utilization 0.6337 0.9848 0.8485 0.9925

16
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Table H.18: Detailed simulation resultsfora time between consultations following TRI(6, 35,156)
(Current Situation)

TRI (6,35,156)

A B C 0
Allocation 9 40 28 23
1C 63.47 562.24 61.41 1361.39
Hold 25.66 37.6 29.56 23.89
PMS 1.99 1.99 1.99 1.99
Uitlezen 14.09 14.09 14.09 14.09
CCP 43.51 6.88 4.13 19.93
CCPTOTAL 59.59 22.96 20.21 36.01
Other 45.97 27.27 21.36 36.19
In 950 4623 2294 1951
Out 740 3525 1830 1544
Utilization 0.5911 0.9827 0.8837 0.9975

Table H.19: Detailed simulation results for a time between consultations following TRI(O, 24,200)
(Current Situation)

TRI 0,24,200

A B C 0
Allocation 9 40 28 23
1C 62.75 54.98 3515.38 8740.42
Hold 24.59 31.23 29.55 24.43
PMS 1.57 1.57 1.57 1.57
Uitlezen 14.4 14.4 14.4 14.4
CCP 42.76 6.61 4.77 20.95
CCPTOTAL 58.73 22.58 20.74 36.92
Other 46.01 25.65 23.82 36.73
In 825 3871 2744 2231
Out 785 3908 2497 1866
Utilization 0.5222 0.8543 1 1

Table H.20: Detailed simulation resultsfora time between consultations following TRI(O, 35, 200)
(Current Situation)

TRI 0,35,200

A B C 0
Allocation 9 40 28 23
1C 63.23 57.42 3445.51 7701.39
Hold 26.99 31 30.4 24.22
PMS 1.71 1.71 1.71 1.71
Uitlezen 14.59 14.59 14.59 14.59
CCP 45.07 6.67 4.59 19.57
CCPTOTAL 61.37 22.97 20.89 35.87
Other 46.71 24.94 22.69 37.63
In 899 3914 2801 2262
Out 850 3711 2505 1883
Utilization 0.5684 0.8598 1 1
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"Best" Allocation

Table H.21: Detailed simulation results for a time between consultations following TR1(6, 24, 156)
(Best Allocation)

TRI (6,24,156

A B C 0
Allocation 15 42 25 18
1C 147.52 60.4 131.77 139.4
Hold 36.99 33.51 29.81 23.87
PMS 2.03 2.03 2.03 2.03
Uitlezen 13.69 13.69 13.69 13.69
CCP 41.28 6.29 4.96 22.16
CCPTOTAL 23.4975 13.88 12.6225 15.4375
Other 48.99 25.57 21.73 33.7
In 1470 4080 2451 1767
Out 1177 3391 2023 1439

Utilization 0.9166 0.8881 0.9511 0.9277

Table H.22: Detailed simulation results for a time between consultations following TRI(6, 35, 156)
(Best Allocation)

TRI 6,35,156)

A B C 0
Allocation 15 42 25 18
1C 154.7 59.39 92.34 109.45
Hold 38.18 35.89 29.39 23.9
PMS 2.09 2.09 2.09 2.09
Uitlezen 13.37 13.37 13.37 13.37
CCP 42.28 6.26 5.13 22.11
CCP TOTAL 23.98 14.4025 12.495 15.3675
Other 50.14 25.69 21.71 33.31
In 1511 4141 2443 1739
Out 1172 3201 1946 1383
Utilization 0.9355 0.8842 0.9469 0.9141

Table H 23: Detailed simulation resultsfor a time between consultations following TRI(O, 24, 200)
(Best Allocation)

TRI (0,24,200)

A B C 0
Allocation 15 42 25 18
1C 112.04 55.57 122.81 122.34
Hold 36.97 34.42 30.8 22.71
PMS 2.01 2.01 2.01 2.01
Uitlezen 13.49 13.49 13.49 13.49
CCP 41.76 6.34 5.09 20.75
CCPTOTAL 23.5575 14.065 12.8475 14.74
Other 49.18 25.31 21.33 33.91
In 1469 4107 2514 1796
Out 1055 2896 1771 1244
Utilization 0.8958 0.87 0.9499 0.9246
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Table H 24: Detailed simulation results for a time between consultations following TRI(O, 35, 200)
(Best Allocation)

TRI (0,35,200)

A B C 0
Allocation 15 42 25 18
1C 166.78 60 91.35 124.05
Hold 37.21 35.01 30.23 23.83
PMS 2.1 2.1 2.1 2.1
Uitlezen 13.62 13.62 13.62 13.62
CCP 40.95 6.58 5.19 22.05
CCPTOTAL 23.47 14.3275 12.785 15.4
Other 49.47 25.06 20.63 32.19
In 1469 4221 2433 1779
Out 1002 2751 1585 1189

Utilization 0.9037 0.8722 0.9188 0.9043
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Appendix I: Utilization and Waiting Times per Update Period

1 month update period
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Figure J.l: Average waiting time per examination per update period (I month)
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Figure J.2: Average utilization per examination per update period (I month)
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3 month update period
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Figure 1.3: Average waiting time per examination per update period (3 months)
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Figure 1.4: Average utilization per examination per update period (3 months)
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6 month update period
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Average waiting time per update period (6 months)

1400

1200

'W 1000
:::l
0
e- 800
Q)

~ 600
Cl

~

~
400

200

0
2

Period (6 months)

3 4

--1

--2

3

-4

--5

--6

--7

--8

-~9

10

11

12

13

14

15

16

Figure J.5: Average waiting time per examination per update period (6 months)
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1 year update period
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Average waiting time per update period (1 year)
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Figure J.7: Average waiting time per examination per update period (1 year)
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Figure J.8: Average utilization per examination per update period (1 year)
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