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I.

Management summary

In this section a summary is given about the project that is described in this report. The project
presented in this report is the final project of the master Operations Management & Logistics at the
University of Technology Eindhoven and is performed at the University Medical Center Nijmegen St.
Radboud (UMCN).
This project was conducted in some of the nursing departments of the Cluster Surgical Specialties
(CSS). The nursing departments are:
• Cardiology
• Lung diseases
• Cardiologic thorax surgeries
• Urology
• Obstetrics& Gynecology
• General surgeries
• Orthopedic surgeries
• Short Stay-Unit
Reason for the CSS to start this project was a research performed within the cluster, showing a bed
utilization of 63%. Besides this utilization, different departments have the feeling that the work load
between the departments is distributed unevenly. Furthermore, some emergency patients are
transferred to another hospital.
The following assignment and sub-assignment have been set up:
Develop a hospitalization planning that provides a remedy for the current problems with the
bed utilization and the differences in work load between departments.
Sub-assignment 1: Analyze the current situation, formulate several solution directions, and make a
simulation model of the solution situations, taking qualitative and quantitative aspects into account.
Sub-assignment 2: Run the simulation models and compare the different solution situations.
Current planning methods and literature review
Before analyzing the current situation, the current planning methods used in the UMCN are
described and compared to planning methods as used in the literature, to gain insights in the
planning methods and get ideas for possible solution directions.
When comparing the hospitalization planning as described in the literature review and as it is used in
the UMCN, the most obvious difference is that in the UMCN no real hospitalization planning is used.
If a hospitalization planning would have to be named in the UMCN it would be part of the operating
theatre planning: it directly evolves from the operating theatre planning and only encompasses the
nurse rostering planning and bed capacity through subjective measures of the medical specialist.
In the literature mainly actual assignment of nurses to shifts is described. However, in this project not
the actual allocation of the nurses to the shifts, but the number of nurses needed is used, using
exchangeability between nurses from different departments to cope with gaps in nurse planning, for
example caused by illness of a nurse. If necessary, these gaps can then be filled by nurses from other
departments that have not yet been assigned to a specific department.
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Performance measures
After describing the current planning methods and literature about the subject, the performance
measures are described, to analyze the current planning and the solution directions.
Translating the areas of concern that lead to this project into performance measures results in:
1. Average bed utilization for all departments together
2. Variance in nurse workload for all departments together
3. Total number of externally hired nurses on all departments together during a year
4. Percentage of the total number of to be hospitalized emergency patients that are transferred
during a year
Additionally, when decreasing the percentage of emergency patients transferred, this should not be
done at the cost of cancelling elective patients. Therefore, the fifth performance measure is:
5. Percentage of the total number of to be hospitalized elective patients that are cancelled
Problem analysis
Next, a problem analysis has been performed to analyze the bed utilizations for 2007. Also, an
examination of the possibilities to exchange patients has been performed.
From this analysis it has been concluded that the total utilization of beds hardly ever exceeds the
total available bed capacity and that the average bed utilization is higher than the 63% mentioned
earlier. This 63% has appeared to be the bed utilization for all departments in the UMCN together.
Also, exchanging patients over the proposed combination of departments results in less exceed of
available bed capacity and by allowing patients to be exchanged between the departments, the
number of emergency patients could have been decreased.
Furthermore, the number of emergency patients transferred during 2007 has been analyzed, in
which it was found that 9.72% of the emergency patients that arrived at the UMCN were transferred
to another hospital and that the reason for these transferring was that there was not enough space
at the nursing department, or at least, no space could be found.
Variables
The variables that have been changed to represent the solution directions are:
1. Percentage of elective patients that can be placed on a guest department
2. Percentage of emergency patients that can be placed on a guest
3. Percentage of the exchangeable elective patients that can be placed on all other
departments, compared to only a selection
4. Percentage of the exchangeable emergency patients that can be placed on all other
departments, compared to only a selection
5. The duration of stay of a patient on a guest department
6. The flexibility of nurses, regarding being placed on a guest department for one shift
The values for these variables are presented in Table 1.
Table 1. Values for the variables

Variable

Number of values

Value 1

Value 2

Value 3

Value 4

1

4

0%

5%

10%

15%

2

4

5%

15%

30%

40%

3

4

0%

10%

25%

50%

4

4

5%

15%

30%

50%

5

2

Max. of 24 hours

Total duration of stay

6

2

No flexibility nurses

Limited flexibility nurses
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To take qualitative requirements into account, the flexibility allowed for nurses is only limited
(variable 6): nurses are often specialized, meaning that from a qualitative point of view it is not
wanted to place to many nurses from other departments on a department. Therefore, a minimum of
nurses that always has to be from the department is defined.
Experiment
The different variable values have been setup using a Taguchi orthogonal L’16 design to reduce the
number of experiments to be conducted. These setups are used to determine the effects of the
individual variables compared to noise factors. Next, the variables with the biggest effects were
selected and combined into an optimal situation. This optimal situation could then be compared to
the current situation. Furthermore, every setup is run 5 times, with a warm-up period of 2 months.
Next, the patient arrivals and durations of stay distribution were determined for different
distribution groups. The distributions groups of the patient arrivals were based on the arrival channel
of the patient (emergency or elective), peaks in arrivals in the data of 2007 and the type of arrival (in
the case of the elective patients). The distribution groups for the durations of stay were based on the
specialty and changes on the nursing department like a change in capacity or the start of the SSU.
To validate the fit of the mode and the collected data, a validation is done in which the performance
of the model representing the current situation were compared to the actual performances in 2007.
Both data has been compared on the number of arrivals, average bed utilization and the percentage
emergency patients transferred, after which it was concluded that the model is a reasonably reliable
representation of the current situation. Some differences between the current situation and the
model could have been caused by the statistical nature of the data in the model, while others could
have been caused by differences in flexibility between human acts and computerized simulation.
Also, to make sound comparisons for changes in the performance measures by changing the
variables in the model, simulation results were decided to be compared to the simulation results of
the current situation.
Results
After validating the model and the data gathered, the simulations were run and the results were
analyzed. Based on these analyses, optimal values for all 6 variables were chosen, to be combined in
the optimal situation. These values can be found in Table 2.
Table 2. Variable values optimal situation

Variable

Value

1

15%

2

40%

3

25%

4

15%
Total duration of
stay
Limited flexibility
of nurses

5
6

The resulting values for the performance measures are compared to the results from the simulation
of the current situation, which is presented in Table 3.
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Table 3. Comparison optimal and current situation

Performance measure
Optimal
situation

Current
situation

Difference

Bed utilization

70.38%

70.05%

0.33%

Relative
improvement
compared to
current situation
0.47%

Nurse workload variance

0.0315

0.0331

-0.0016

4.83%

79

163

-84

51.53%

12.05%

13.24%

-1.19%

8.99%

1.53%

1.64%

-0.11%

7.19%

Number of externally hired
nurses
Percentage emergency patients
transferred
Percentage elective patients
cancelled

Conclusion and recommendations
Overall, the improvements of the optimal situation compared to the current situation are
reasonable, with a positive exception for the number of externally hired nurses with an improvement
of 51.53% and a negative exception for the bed utilization with almost no improvement.
Based on these results and taking the presented assignment into account, it has to be concluded that
using the suggested changes in variables does not significantly improve bed utilization. However, the
other performance measures do show a significant improvement.
An improvement of 7.19% on the number of elective patients cancelled is a good improvement,
especially in combination with the improvement regarding the percentage emergency patients
transferred of 8.99%. These two performance measures are mainly influenced by the percentages
patients to be exchangeable (variables 1 and 3) and, for the elective patients, the percentage of
exchangeable patients that is allowed to be hospitalized on any department (variable 2). Therefore, it
is advisable to allow 40% of the emergency patients to be hospitalized on a guest bed (as already
done now), allow 15% of the elective patients to be hospitalized on a guest bed (compared to 0%
now) and of these 15% elective patients allow 50% to be hospitalized on any department. Also, the
number of externally hired nurses is improved drastically, solely caused by allowing exchange of
nurses between the departments. Therefore, it is recommended to allow the exchange of nurses
over the departments.
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III. Introduction
The project presented in this report is the final project to obtain the degree of Master of Science in
Operations Management & Logistics at the University of Technology Eindhoven and is performed at
the University Medical Center Nijmegen St. Radboud (UMCN). Goal for this project is to do
recommendations with respect to the hospitalization planning in the UMCN, which was felt
necessary, since the bed utilization within the UMCN was said to be 63%, while at the same time not
all emergency patients could be hospitalized. In order to analyze different solution directions on
which the recommendations can be based, a simulation model is built in which several variables can
be varied to analyze the effects on several performance measures.
This report consists of 2 parts; this part being the main text and another being in which all the
appendices have been assembled.
First, a background is given about the organization in which this project took place. A general
overview of the size of the organization and the organizational structure are presented in Section 1.
Next, in Section 2, the topic of the study and the business problem are presented. Also, the resulting
assignment for the project is presented in this section.
To gain more insight in the assignment and the location of the business problem in the UMCN, in
Section 3 the current planning methods used in the UMCN are described.
Section 4 then uses the results from Section 3 to make a comparison between the planning methods
as described in the literature and the current planning methods in the UMCN. This section is based
on a literature review that was performed in the early stage of the Master Thesis project. Also, this
section will look for areas in the current literature that this project can be an addition to and is used
to gain insights in the business problem and possible solution directions.
In Section 5, the performance measures are presented. These performance measures are necessary
for the next section, Section 6, in which the business problem is analyzed. The business problem is
analyzed on part of these performance measures to determine whether the business problem as
presented by the UMCN actually is the problem, to gain insights in possible solutions and to
determine whether these solution directions are able to solve the business problem.
In Section 7 the different solution directions are presented as variables in the planning methods that
could be changed to influence the performance measures. Also, the simulation model that is used to
analyze the effects of these variables on the performance measures is presented in this section,
together with constraints and assumptions used to build the model.
The experiment setup used to run the simulation and the analysis used on results are described in
Section 8. In this section the analysis methods used as well as the number of runs and warm-up
period are presented.
Next, the data needed for the simulation are presented in Section 9, after which a validation of the
model and the collected data is performed in Section 10 by comparing the current planning methods
and the results on some of the performance measures in the UMCN with results from a simulation of
the current planning methods.
After the validation, the results from the experiment performed on all performance measures
individually are presented in Section 11. Also, these individual results are combined into an optimal
situation which is compared to the simulation results of the current situation.
The conclusion is presented in Section 12, together with some recommendations on what to do with
these results.
After the conclusion, the report is finalized with a discussion about the experiment and the results
from the experiment in Section 13.
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1.

Background

In this first section of the report, some general information is presented about the hospital in which
this Master’s thesis project is taking place. Some general numbers and a general overview of the
organization are given here.
This Master’s thesis project is conducted in the University Medical Centre St. Radboud in Nijmegen
(UMCN). The UMCN is one out 8 academic medical centers in the Netherlands (NFU, 2007).
Of all hospitals in the Netherlands (140 in total (RIVM, 2008)), the UMCN ranks 33 in the top 100, as
published by a daily newspaper (Algemeen Dagblad, 2007).
The UMCN is a leading academic centre with expertise in medical science and healthcare. Since the
UMCN is not only a hospital, but a university medical centre, not only patients are treated here, but
also research is done and students are trained (in cooperation with the Radboud University
Nijmegen). In the UMCN, more than 8,500 staff and 3,000 students are participating in the goal of
shaping the future of healthcare and medical science.
The UMCN has a history that goes back to 1905, the year in which an association was founded with
the goal to found a university for Roman-Catholics. In 1923, this university is established, after which
in 1951 the medical faculty is added. Since the medical students need practical education, in 1956
the St. Radboud hospital is founded. This hospital changes its name into the UMCN in 1999.
To illustrate the size of the UMC, some numbers are presented in Table 4.
Table 4.Yearly numbers about the UMCN (numbers translated from (Over het UMC, 2007))

Patient healthcare
Visits policlinic
Hospitalizations
Day treatment
Operations (planned)
Nursing days
Beds
Bed utilization

404.943
27.882
34.884
16.036
220.407
953
63%

Employees
Formation (from December 31, 2006)

6.898

Education and research
Registered students (total)

2.989

Doctoral theses
Scientific publications

94
2.068

Sum of company gains

€ 561.473.304

The UMCN consists of 8 different clusters (see Figure 1). This project was conducted in the Cluster
Surgical Specialties (“Cluster Snijdende Specialismen”), CSS, consisting of 11 specialties. The CSS is a
reasonably big part of the UMCN, ranging in 2007 between 192 and 160 beds (Kouwen & Berrevoets,
2008). The change in number of beds is caused by a reorganization in the cluster that this project is
part of (Project Herziening Zorgpraktijken, which will be discussed more extensively in Section 2.
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Figure 1. Organizational structure UMCN from (Over het UMC, 2007)

With respect to the previously mentioned clusters, it has to be noted that they will cease to exist as
of the end of 2008 (October 2008) due to a reorganization that is going on at this moment in the
UMCN. Therefore, throughout this project, the new situation will have to be kept in mind. In the new
organizational structure, no longer the entire cluster is most important, but the individual
departments within the cluster. Furthermore, instead of a vertical focus between departments (as is
the case now), a horizontal focus will be used (a so-called care-chain, “zorgketen”). However, since in
the new organization structure departments are going to have to work together in cooperations, the
change of organization structure does not affect this project. The new organizational structure is
presented in Figure 2.

Figure 2. New organizational structure UMCN, from (UMCN, 2007a)

In the figure above, the care-chain would be a cooperation between different departments
(“afdelingen”).
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2.

Problem definition

After introducing the organization in which this project takes place in the previous section, now the
business problem for this study will be discussed. However, before doing so, first the topic will be
introduced.
In the CSS, the project “Herziening Zorgpraktijken” (Revisal Care Practices) is taking place and this
Master’s thesis project is part of that bigger project. Goal of this main project is to use available beds
and employees more efficiently and more effectively, in the entire cluster. This project encompasses
5 smaller projects:
• A Medium Care-unit
• A Short Stay-unit
• A Multitrauma-unit
• AHH (Immediate Heart Care)
• Healthcare programming
At this moment, the Medium Care-unit is being started, as part of a reorganization of the cardiology
department, the Short Stay-unit has passed its pilot phase and serves 4 different departments for
low-complex patients that are expected to stay less than 4 days in the hospital and not over the
weekends (general surgeries, urology, lung diseases and gynecology) and the AHH is in operation.
The initial object for this Master’s thesis project is the hospitalization, placement, replacement and
dismissal of patients within the cluster (the “bed planning”). At the moment, the different
departments within the cluster all do this planning independently and every department for
themselves.
Reason for the CSS to start this project was a research performed within the cluster, showing a bed
utilization of 63%. Besides this utilization, different departments have the feeling that the work load
between the departments is distributed unevenly. Furthermore, some emergency patients need to
be transferred to another hospital. This, in combination with a utilization of 63%, seems strange and
was also one of the reasons to start this project.
The utilization of beds within this cluster is affected by three separate plannings:
• Operating theatre planning
• Hospitalization planning
• Rostering of employees
The business problem that was taken as the starting point in the first conversation between company
supervisor and researcher was as follows:

“We have the intention to redesign the bed planning, so that the available beds and employees
can be used more optimally, and so that there is a clear central hospitalization, placement,
replacement and dismissal of patients, a central capacity- and utilization overview and clear
responsibilities and authorities”
Bed planning is defined as the hospitalization, placement, replacement and dismissal of patients. The
bed planning would, in this definition, only encompass the hospitalization planning. However, the
hospitalization planning is closely related to the two other plannings: the operating theatre planning
and the nurse rostering planning. However, including the operating theatre would mean including
the planning of specialists beyond their planning within the hospital, making the project very
complicated and impossible to resolve within the time limit for a Master’s thesis project. Therefore,
it is decided to focus on the allocation of beds and nurses over the various departments.
3

Because the nurse rostering planning only affects the availability of beds when not enough nurses
are available, the actual nurse rostering planning will not be taken into account. However, the
number of nurses needed might be affected by the allocation of patients to the departments. For
example, a possible scenario would be to exchange nurses over several departments, making nurses
more flexible and adjusting the use of nurses to peaks and lows in healthcare requirements.
Therefore, although the actual nurse rostering planning is not taken into account, the deployment of
nurses over de different departments of the cluster is taken into account.
From the business problem the assignment can be derived, based on the first phase of the thesis, the
internal exploration:

Develop a hospitalization planning that provides a remedy for the current problems with the
bed utilization and the differences in work load between departments.
From this main assignment, 2 sub-assignments are formulated:
1. Analyze the current situation, formulate several solution directions, and make a simulation
model of the solution situations, taking qualitative and quantitative aspects into account.
2. Run the simulation models and compare the different solution situations.
In order to accomplish this assignment, data from 2007 is used. The reason for doing so is that this
data is the most recent, which is very important since the UMCN has undergone several changes in
structure and is still changing. Therefore, during this entire project, the period analyzed will
encompass 2007.
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3.

Description current planning methods

The first step in analyzing the current situation is to describe the current working methods, more
specifically the current planning methods. Therefore, in this section the planning methods currently
used in the UMCN are described. These can be divided into a separate operating theatre planning
and a nurse rostering planning. The direct relation between the two plannings is only on the higher
level. However, the operating theatre planning does indirectly affect the nurse rostering planning in
that it determines the needed amount of nurses for the patients that are scheduled for an operation
by the operating theatre planning. This situation is graphically presented in Figure 3.

Figure 3. Current planning methods UMCN

Regarding the operating theatre planning, the cluster management makes agreements with
insurance companies on the amounts of patients that are to be treated in the hospital per diagnosis.
Based on these numbers, the operating theatre rooms are assigned to the specialties within the
hospital, using a block-system, meaning that a week is divided into 5 blocks of 8.5 hours each
(Monday to Friday).
A new patient can enter the hospital either through the emergency department or through the
outpatient department. If this patient needs surgery he either is placed on a waiting list or operated
immediately, in case of a high urgency. The waiting list is used to make the actual planning for the
operating rooms, called admission planning in Figure 3. For each specialty, a medical specialist makes
the admission planning. Emergency patients do not need to be taken into account when making this
planning, since these operations are performed in an especially reserved operating theatre, by a
specialist that is scheduled for an “emergency shift”. The medical specialist makes the planning based
on:
- Urgency
- Required medical specialist
- Preferred medical specialist
- Longest surgeries first
After making the admission planning, the admission planning is sent to the nursing department to
check whether it is possible to hospitalize all scheduled patients. The hospitalization directly evolves
from the admission planning: patients are placed on the department corresponding to the main
diagnosis.
Some departments take the available bed capacity at the nursing department into account in the
planning, since the medical specialists are present at the departments regularly to check on the
5

patients and know the available remaining capacity. However, since the operating theatre is leading
in the planning and the goal is to utilize the operating theatres as much as possible, usually the
nursing department has to follow the admission planning for the operating theatres. If the nursing
department does not have the space to hospitalize the elective patient, the operation is canceled or
the patient is placed on a guest department, which, according to the nursing departments, rarely
occurs.
Also part of the planning is the arrival and hospitalization of emergency patients. If an emergency
patient needs to be hospitalized, the medical specialist on duty contacts the nursing department the
patient should be placed based on the main diagnosis (the home department). The nursing
department then checks whether it is possible for them to hospitalize the patient. This is based on
the number of beds currently available, the number of beds needed for elective patients that are
scheduled for the next day, the number of nurses available and the workload, which is “measured”
subjectively by the head nurse during working hours and by the senior nurse on duty outside working
hours. If the nursing department does not have the space to accommodate the patient, the medical
specialist registering the patient is responsible to contact other nursing departments to ask whether
they have a bed available to temporarily accommodate the patient on a so-called “guest-bed”. The
first other departments that are to be contacted are departments within the same cluster. Patients
placed on a guest-bed within the cluster are to be placed on their home department as soon as
possible, but without an official time limit. If no department within the cluster is able to hospitalize
the patient either, other departments outside the cluster are to be contacted. Patients placed on a
guest-bed in another cluster are to be placed on their initial nursing department within 24 hours. If
still no other department is able to hospitalize the patient temporarily, the patient is transferred to
another hospital.
Regarding the nurse rostering planning, the number of beds needed per department is decided by
the cluster management, called phase 1 in Figure 3. Based on the amount of beds per department,
the formation of nurses (in FTE’s; Full-Time Equivalents) is decided, which is done by the head nurse
of a department, based on a number of patients per nurse, being roughly as follows (slightly varying
during the week and the different departments):
• 4 to 5 patients per nurse during day shifts
• 7 to 8 patients per nurse during evening shifts
• 10 patients per nurse during night shifts
The total available capacity of the department is used to determine the required number of nurses.
Nurses are scheduled for the shifts in a 3-month cycle by a senior nurse manually, using a computer
program to copy the previous cycle and to calculate the number of hours worked by each nurse and
to check for any violations of collective agreements made regarding the shifts. This is represented as
phase 2 in Figure 3. The last phase is phase 3 in Figure 3, in which the schedule is adjusted on a daily
basis to adjust for any unforeseen events like illness.
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4.

Comparison literature review and current planning
methods

After introducing the current planning methods in the previous section, in this section these current
planning methods are compared to planning methods as described in the literature in order to look
for differences and possible improvements and also to look for possible gaps in the literature that
this project can help fill. The literature used in this section is based on the literature review that was
performed earlier for this Master Thesis project.
Although the operating theatre planning is discussed in the literature review (Dorgé, 2008) it will not
be discussed here, because, as stated before, the operating theatre planning is outside the scope of
this project.
The relevant planning for this project is the hospitalization planning, which is depicted in Figure 4 in
between the operating theatre planning and the nurse rostering planning. The hospitalization
planning results from the surgical sequencing (and thus the operating theatre planning): patients that
are scheduled for operation need to be allocated a bed and nurses, meaning that the availability of
nurses (and thus the nurse rostering planning) needs to be taken into account for the hospitalization
planning. As can be seen in Figure 4 the relationship between the nurse rostering planning and the
hospitalization planning is partly reciprocal. Both the hospitalization planning determines the
required nurses and at the same time the total available nurses determine how many patients can be
hospitalized.
The hospitalization planning does not only plan the hospitalization of elective patients, the arrivals of
emergency patients are also part of the hospitalization planning. Therefore, the arrivals of patients,
both from the operating theatre planning and from the emergency department, are the starting
point for this project.

Figure 4. Relationship nurse rostering planning and the operating theatre planning

When comparing the hospitalization planning as described in the literature review and as it is used in
the UMCN, the most obvious difference is that in the UMCN no real hospitalization planning is used.
If a hospitalization planning would have to be named in the UMCN it would be part of the operating
theatre planning: it directly evolves from the operating theatre planning and only encompasses the
nurse rostering planning and bed capacity through subjective measures of the medical specialist.
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The nurse rostering problem exists on three different levels (Dorgé, 2008):
• Phase 1: Planning; Workload model
• Phase 2: Scheduling; Tour Assignment model
• Phase 3: Real-time adjustment; Allocation and adjustment
In (Dorgé, 2008) phase 1, the workload model, is excluded from the literature review, since it was
expected to be an addition to this project that would be too big to perform well in the amount of
time reserved. However, some nurse workload is incorporated in this project, which is the current
way of working in the UMCN, described before. In the current workload method no distinction is
made between workloads of different patients, for example, the diagnosis. Instead, patients are all
assumed equal regarding work load.
Alternatively, the workload might be adjusted for diagnosis, number of days in the hospital already.
This would be a good sequel.
Phase 2, the tour assignment model, is not included in this Master Thesis project in the form as it is
described by Dorgé (2008) in the literature review. In the literature review, the focus of this phase is
to assign specific nurses to shifts, taking into account hard and soft constraints. Hard constraints
being constraints that always need to be satisfied and soft constraints being constraints that need to
be satisfied preferably. However, in this Master Thesis project, the actual assignment of nurses to
shifts is not taken into account. Instead, exchangeability between nurses from different departments
is used to cope with gaps in nurse planning, for example caused by illness of a nurse. If necessary,
these gaps can then be filled by nurses from other departments that have not yet been assigned to a
specific department. Whether this is done depends on the number of patients on the department
and on the required minimum number of nurses that are working on the department and have the
department as their home department. The second constraint is used, to ensure quality of work; the
head nurses of the different departments have indicated that for medical reasons it is unwanted to
have more than 1 or 2 nurses working during a shift that are not originally from the department,
because every department has its own protocols, methods and specialties. The filling of gaps in the
nurse roster is done in 2 steps. First, based on the admission planning, one week before the start of a
week nurses can be allocated to departments. This would be real-time adjustment (phase 3 of the
nurse rostering planning), but not in its purest sense, since pure real-time adjustment would
encompass daily adjustments. The daily adjustments are made based on the arrival of emergency
patients and unexpected event such as illness of nurses and this is the second step to assign nurses
to a specific department. The last part, daily adjusting the number of nurses assigned to shifts,
actually is part of the third phase of the nurse rostering planning; allocation and adjustment.
Lacking in the literature found on hospitalization planning is the inclusion of special departments,
such as is the case in the UMCN, like the Short Stay-unit and the Medium Care-unit. These units have
special demands, regarding the duration of stay and level of complexity respectively. Furthermore, in
none of the articles described different possible scenarios are investigated with regard to exchange
of nurses or patients between departments and the effects on the bed utilization, nurse workload
variances and rejection of emergency patients, which are all discussed in this Master Thesis project.
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5.

Performance measures

Before analyzing the presented problem, first the performance measures are presented in this
section. Part of these performance measures are used in the next section to analyze the business
problem and all performance measures will be used later to analyze the possible solution directions.
First, the performance measures and some needed definitions are introduced, after which the
calculation methods for the performance measures are presented.
The performance measures that are used during this project are mainly derived from the topic of the
study, as it was presented by the UMCN (Section 2). In the topic it was discussed that the reasons for
this project to start were:
- Bed utilization of 63%
- Unevenly distributed workloads over the departments
- Hiring external nurses while nurses scheduled for other departments have a low workload
- Transferring of emergency patients to other hospitals
Translating these 4 areas of concern to performance measures results in:
1. Average bed utilization for all departments together
2. Variance in nurse workload for all departments together
3. Total number of externally hired nurses on all departments together during a year
4. Percentage of the total number of to be hospitalized emergency patients that are transferred
during a year
Additionally, when decreasing the percentage of emergency patients transferred, this should not be
done at the cost of cancelling elective patients. Therefore, the fifth performance measure is:
5. Percentage of the total number of to be hospitalized elective patients that are cancelled
To calculate these performance measures, some definitions are needed:
:= The number of nurses that can be exchanged on department i during shift t
Ai,j
Bi,t
:= The number of beds occupied on department i at time t
Ci.t
:= The bed capacity on department i at time t
Ei,j
:= The number of externally hired nurses on department i during shift j
Ei,j
:= The number of externally hired nurses on department i during shift j
:= The number of possible guest nurses on department i during shift j
Ii,j
Mi,j
:= The minimum number of nurses on department i during shift j
Md
:= The total number of minutes per day = 1440 minutes
Mi
:= The total number of minutes bed i is occupied during a year
NB
:= The total number of beds
ND
:= The total number of departments
Pi,j
:= The number of nurses planned on department i to work shift j
Pi,t
:= The number of nurses planned on department i at time t
Si,j
:= The number of nurses that called in sick on department i for shift j
U
:= Average utilization during a year
Wi,j
:= The number of nurses working on department i during shift j
Wi,t
:= The number of nurses working on department i at time t
WLi,t := Workload on department i at time t
The difference between the number of working nurses (Wi) and the number of planned nurses minus
the sick nurses (Pi – Si) is that the number of working nurses includes any nurses from other
departments ór externally to ensure the workload on the department does not exceed 1.
1. Bed utilization per department
The bed utilization per department can be calculated using Formula 1, with i ranging from 1 to NB:

U



∑ 


(Formula 1)
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In practice it is not possible to improve this utilization to 100%, since beds sometimes are reserved
for still to arrive patients or are reserved for patients that are on a leave for the weekend but will
return after the weekend. However, goal for the utilization is to approach this 100% as close as
possible.
2. Nurse workload per department
The nurse workload can be calculated in several ways, as already briefly discussed in Section 4. The
nurse workload as used in the UMCN is a very basic calculation. Depending on the day of the week
and the type of shift (day, evening or night), every department has a certain amount of nurses
scheduled for a shift. This amount of nurses is based on a fully utilized department. The differences in
number of nurses during the week are caused by different workloads per patient. For example, no
scheduled operations are performed during the weekend, meaning that no newly operated patients
arrive on the department (except possible emergency patients), leading to a lower workload per
patient. To compare the workloads between the different departments, the workloads need to be
normalized, since there are differences in the numbers of patients that are to be treated per nurse
between the departments. This normalization is done by dividing the actual workload per nurse in
number of occupied beds (part 1 of Formula 2) by the workload per nurse when the department is
fully utilized, in number of occupied beds (part 2 of Formula 2). To calculate the workload per nurse
when the department is fully utilized the data presented in Appendix A is used.

WL,  

.

,

/

.

,



(Formula 2)

Using the normalized workloads, the differences in workload between the departments can be
found. Next, the variance of the workloads on the different departments is calculated, for which the
optimal value is zero.
3. Number of externally hired nurses
The workload per nurse as calculated above is required to be less than 1 at any time and is set as a
hard constraint. A hard constraint is required here to analyze the number of externally hired nurses
properly. If a workload higher than 1 is sometimes accepted, meaning that instead of hiring an
external nurse, nothing is done and the higher workload is accepted, a subjective measure to decide
to do so is used, which is not possible to implement in the model. In practice, workloads higher than
1 might be accepted, for example because it is not possible to hire an external nurse for a particular
shift. Furthermore, extra nurses might not be necessary, because the real-life workload of the
patients present on the department is lower than anticipated, caused by the nature of the workload
measurement (as discussed in Section 4).
Because the workload on every department is required to be less than 1 at any time, sometimes
nurses from outside the department need to be hired. When nurses are not exchangeable, extra
nurses always need to be hired externally. When nurses are exchangeable, the first option is to
transfer a nurse form another department (called a “guest nurse”), depending on the nurse workload
on the other department. Therefore, the number of externally hired nurses is another performance
measure. Important to keep in mind when calculating the number of externally hired nurses is that
the number of nurses that are allowed to be exchangeable is not necessarily equal to the number of
planned nurses minus the number of nurses needed on the home department. Every department is
only willing to allow 1 or 2 nurses per shift to be exchanged, independent of how low the workload
might be during a shift. This also means that there is a minimum of nurses that need to be from the
home department at all times. If these need to be hired extra due to a nurse being sick, this is called
“external nurse” as well. Therefore, number of external nurses does not necessarily represent the
actual number of nurses hired from outside the department, but more the number of nurses hired
outside the current work planning.
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When nurses are not exchangeable, the number of externally hired nurses is calculated using:

If W  M :
If W / M :

E  ∑-."M # Min&W , 'P # S *+,
E  ∑-."Max&0, W # 'P # S *+,

(Formula 3)
(Formula 4)

When nurses are exchangeable, a distinction needs to be made between extra nurses hired
externally and the number of nurses possibly hired internally (depending on the available nurses on
other departments), defined above as Ii,j. The number of definite external nurses and possible
internal nurses are then calculated using:

If W  M :

E  M # Min&W , 'P # S *+

(Formula 5)

If W / M : if 'P # S *  M : E  M # 'P # S *
I  Max&0, W # M +
if 'P # S * / M : I  Max&0, W # 'P # S *+

(Formula 6)

The next step is to calculate the number of available nurses of department i that can be exchanged
with other departments. Important in determining the exchangeable nurses are the minimum
number of nurses that need to stay on the home department at all times and the number of nurses
that need to stay on the home department due to the workload or due to the number of beds
occupied.
A  Max"0, Min&'P # S * # W , 'P # S * # M +,

(Formula 7)

By combining these formulae for all departments, the total number of externally hired nurses per
shift can be calculated for the situation with the possibility of exchanging nurses:

Total externally hired nurses  ∑-. E ? max A0, ∑-. I # ∑-. A B

(Formula 8)

The first part of the formula above calculates the number of nurses that need to be hired externally,
independent of the availability of nurses from other departments. The second part calculates the
remaining number of nurses that need to be hired externally due to insufficient available nurses from
other departments.
Goal for this performance measure is to not need any external nurses. Therefore, the goal is zero.
4. and 5. Percentage of patients transferred
Although the overall utilization was said to be 63%, emergency patients were still transferred to
other hospitals. This does not seem to be in line with the relatively low bed utilization. Therefore, the
percentage of emergency patients that are to be hospitalized but are transferred to another hospital
is also one of the performance measures. To prevent minimizing the percentage of emergency
patients transferred at the cost of the elective patients, the percentage elective patients canceled is
also analyzed.
Goal for this performance measure is to minimize the percentage of emergency patients transferred,
therefore the goal is a transferring percentage of 0%.
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6.

Problem analysis

From interviews conducted, some of the department heads indicated that the utilization of the beds
is higher than the 63% mentioned in the initial business problem. Therefore, the bed utilizations for
2007 are analyzed in this section. Also, an examination of the possibilities to exchange patients is
described in this section to determine whether it has been possible in 2007 to exchange patients
between the departments and whether the business problem as presented by the UMCN can be
resolved by exchanging patients. Furthermore, it was stated in the problem definition that
emergency patients are sometimes transferred to other hospitals due to a lack of beds on the
nursing departments. This will also be analyzed in this section. However, before doing so, the period
for this problem analyses is determined.

6.1.

Analysis period

A period is determined for this problem analysis, because considering the entire year would result in
graphs that are unreadable, since the graphs will represent bed utilization to the hour of the day,
meaning that for an entire year, this would result in 365 * 24 = 8760 measures. An important
assumption in this analysis is that there are always enough nurses available to care for a fully utilized
department. In practice, this usually is the case, since the nurse rostering is based on a full utilization.
With this assumption, the only variable that needs analysis is the bed utilization.
To examine which period to take into account, the weighted average over 15 days of the bed
utilization per day is used. The bed utilization per day is calculated using Formula 1 presented in the
previous section.
When using Formula 1, the actual utilization of beds to the minute is calculated. The total number of
beds in all departments can be found in Table 5.
To be able to read Table 5, the departments mentioned in Section 0 are coded into the department
as it is called in the data information system of the UMCN. This code is most of the time based on the
floor the department is situated (e.g. Orthopedic surgeries is D10: D-building, second floor, which in
Dutch is called the first floor). These codes are:
•
•
•
•
•
•
•
•
•
•
•
•

Cardiology
Lung diseases
Cardiologic thorax surgeries
Medium care lung and cardiologic thorax surgeries
Urology
Gynecology
General surgeries
Immediate heart support
Cardio-Care Unit
Orthopedic surgeries
Obstetrics
Short Stay-Unit

A00
A10
A10
A13
A20
A20
A30 and A40
AHH
CCU
D10
Q10
SSU

As can be seen in Table 5, some departments are excluded. The reason for doing so is that some
departments are highly specialized. The to be excluded departments followed from interviews held
with head nurses from the different departments and after consultation with the company
supervisor. The departments that were excluded are:
• CCU (Cardio-care unit)
• AHH (“Acute Hart Hulp”; Immediate Heart Treatment)
• A13 (Medium-care Cardio-thoracale surgeries and lung surgeries)
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Furthermore, Q10 is also excluded from further analysis. Although Q10 is healthcare-wise not very
different from the gynecology department on A20, it is part of the children’s department which has
its own planning and is completely separate from the rest of the departments (also physically).
Therefore, this department is also excluded from the analysis.
Table 5. Number of beds on the departments

Department

Available beds until
June 4

Available beds from
June 4 until
September 10

Available beds from
September 10

A00

24

24

24

CCU

7

7

7

AHH

3

3

3

A10

32

32

31

A13

6

6

6

A20

40

40

29

A30

40

40

40

A40

40

20

20

D10

32

32

32

Q10

29

29

29

SSU

0

0

15

Total

253

233

236

Total all departments

208

188

191

The table is divided into 3 periods; until June 4, between June 4 and September 10 and from
September 10. On June 4 department A30 went from 40 to 20 beds after a reorganization of
departments A30 and A40. After this reorganization, on September 10, part of the space made
available was being used for the short-stay unit (SSU), which has an official amount of beds of 15, but
physically 19 beds, which are being used to deal with variations in demand.
Figure 5 is the representation of the weighted average of bed utilization over 15 days for all the
departments that are taken into account together.
200.00
180.00
160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

Figure 5. Total number of patients on A00 (except CCU and AHH), A10 (except A13), A20, A30, A40, D10 and
SSU (starting September 10)
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As can be seen in Figure 5, during the summer holiday the number of patients undergoing surgery is
very low, compared to the rest of the year. This also is the case during the end of December, when
the Christmas holiday sets in and fewer surgeries are performed. Due to these irregular
circumstances, these periods are unsuitable. Also, a new department was started on September 10,
2007 (the short stay-unit; SSU), meaning that this new situation should also be taken into account.
Since the SSU only takes patients from other departments that are analyzed the total number of
patients does not change, only the division does. Therefore, April 16 to May 20, 2007 and November
5 to November 24, 2007 are chosen, as can be seen in Figure 5.
Also, from Figure 5 can be seen that the total capacity of all departments is never fully utilized during
an entire day (208, 188 or 191, depending on the date, see Table 5). However, this does not mean
that at some point in time during the day the entire capacity is not fully utilized, because Figure 5
represents the bed utilization per day. Therefore, the chosen periods will need to be analyzed in
more detail.

6.2.

Patient exchange

Before analyzing whether it has been possible to exchange patients between the different
departments, first it is analyzed how many patients have already been exchanged in 2007. Also, in
Section 2 it was mentioned that the average utilization was 63%. However, this number has been
disputed by the head nurses of the departments under investigation. Therefore, the average
utilization of the departments will also be analyzed. Both these analyses are done for the entire year.
The results of these analyses are summarized in Table 6. Since A30 and A40 are both departments for
general surgeries patients and there’s no difference in specialty, also not in the information system
of the hospital, these departments are presented together. Both the situation before the start and
after the start of the SSU are represented, since for some departments the number of beds changed
due to the start of this new unit.
Table 6. Exchange of patients in 2007

A00

A10

A20

Before SSU

After SSU

Before SSU

After SSU

Before SSU

After SSU

Total patient days taken
from other departments

0.90
(0.02%)

1.72
(0.08%)

68.86
(1.14%)

10.31
(0.37%)

20.49
(0.36%)

8.42
(0.33%)

Total patient days given
to other departments

5.48
(0.13%)

1.03
(0.05%)

0.00
(0.00%)

8.24
(0.30%)

113.18
(1.94%)

3.43
(0.14%)

Official bed capacity

24

24

32

31

40

29

Average utilization

0.60

0.64

0.75

0.79

0.57

0.77

A30 and A40

D10

SSU

Before SSU

After SSU

Before SSU

After SSU

Total patient days taken
from other departments

47.39 (0.38%)

4.70
(0.09%)

47.71
(0.92%)

10.04
(0.37%)

5.17
(0.82%)

Total patient days given
to other departments

67.28 (0.54%)

26.75
(0.53%)

23.56
(0.45%)

6.01
(0.22%)

0.00
(0.00%)

Official bed capacity

80 (from June 4: 60)

60

32

32

15

Average utilization

0.70

0.74

0.65

0.75

0.61
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The first data presented are the number of days taking on patients from other departments (with the
percentage compared to the total number of patient days at the department) and the number of
days placing patients on other departments (with between brackets the percentage compared to the
total amount of patient days for its specialty). As can be seen in the tables, this does not happen very
often: in less than 2% of the days patients are being exchanged between departments.
The lower parts of the tables present the utilization of beds during 2007. Especially the change in
average utilization at A20 is remarkable. This might be caused by the fact that although A20 has a
formation for 29 beds, there are still physically 40 beds present. These extra beds are used as a
buffer, to guarantee that all the urology patients can be hospitalized on either the SSU or A20.
When looking at the utilizations of the departments, the 63% utilization as mentioned seems a bit
too low. A10, A30 and A40, and D10 are above this percentage the entire year, while A00 and A20
have a higher utilization after the arrival of the SSU. Also, when analyzing the overall utilization of the
departments, the utilization before the SSU was 68% and after the SSU even 74%. After discussing
these results with the staff of the UMCN, it was concluded that the utilization of 63% was not
specifically calculated for the departments under investigation, but for the entire hospital, explaining
the difference found.
After concluding that during 2007 the exchange of patients between the different departments has
not happened a lot and that the average utilization for the departments under investigation is higher
than 63%, now the possibilities to exchange patients are analyzed. As already discussed, the periods
April 16th to May 20th 2007 and November 5th to November 25th 2007 are analyzed.
April 16th to May 20th 2007
To analyze the possibilities to exchange patients during the chosen periods, the bed utilization per
hour per department is analyzed. As already discussed before, the bed capacities of the different
departments in this period are:
• A00: 24 beds
• A10: 32 beds
• A20: 40 beds
• A30: 40 beds
• A40: 40 beds
• D10: 32 beds
• Total: 208 beds
First, all departments are taken together. An example of the graph used to do so is presented in
Figure 6. From this figure can already be concluded that, when taking all departments together, the
total bed capacity needed never exceeds the available bed capacity of 208 and never even comes
close. This is a first indication that, solely based on the availability of beds, exchanging patients is
possible, but only when all departments are taken together.
The next step is to cluster the departments in order to analyze whether exchanging patients between
the departments has been possible on a smaller scale than all departments together. The
departments are clustered based on:
1. Similarities in specialty
2. Needed equipment
Both these conditions were discussed during interviews with the head nurses from the different
departments. As a result, departments A00 and A10 are clustered and departments A20, A30, A40
and D10 are clustered. In fact, during this project A00 and A10 are already working on combining
their nurse rostering planning and other facilities. The resulting graphs can be found in Appendix B.
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When combining departments A00 and A10, the resulting bed occupancy sometimes exceeds the
available bed capacity of 56 beds. This would mean that patients are being placed on parts of these
departments that are actually reserved for other, more complex, patients, like A13 on department
A10 or CCU on department A00. The resulting bed utilization for departments A20, A30 and A40
when taken together never reaches the total available bed capacity of 120 beds.
Since A30 and A40 are both part of one specialty within the cluster (general surgeries), these 2
departments are also presented together in one graph, see Appendix C. When combining these 2
departments, the maximum bed occupancy never comes close to the total available bed capacity of
80 beds.
After the combinations, all departments are presented individually, to analyze whether the individual
departments have exceeded their available bed capacities. These graphs can be found in Appendix D.
From these graphs can be concluded that A00, A10 and A20 sometimes exceed their total available
capacity.
250
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Figure 6. Bed utilization from April 16th to May 20th 2007 per hour

November 5th to November 25th 2007
The same analysis as for the period April 16th to May 20th has been performed for the period of
November 5th to November 25th. These graphs are presented in Appendices E to H.
In the period November 5th to November 25th the SSU has been operational for about 2 months.
Although this is a relatively short period of time for the organization to fully adjust to the new
department and the working conditions associated with it (types of patients placed on the SSU,
duration of stay due to the closing during weekends), this period has been chosen to at least give an
indication of the performances of the departments after the introduction of the SSU.
As discussed before, the bed capacities of the departments after the introduction of the SSU are:
• A00: 24 beds
• A10: 31 beds
• A20: 29 beds
• A30: 20 beds
• A40: 40 beds
• D10: 32 beds
• SSU: 15 beds
• Total during the week: 191 beds
• Total during weekends: 176 beds
16

From Appendix E can be concluded that during the week the total bed capacity needed rarely
exceeds the total available bed capacity. When it does exceed the total available bed capacity, it is
likely that these patients are placed on A20. Although A20 has 29 beds available after the
introduction of the SSU, physically this is still 40, the remaining beds being used as a harmonica to
always be able to hospitalize the urology patients.
After looking at all departments together, departments A00 and A10 are taken together and
departments A20, A30, A40, D10 and SSU are taken together. The reason that the SSU is combined
with A20, A30, A40 and D10 is that most of the patients on the SSU originally come from these
departments; only 1 bed at the SSU was transferred from A10, the others all came from A20, A30 and
A40. The resulting graphs can be found in Appendix F. When combining departments A00 and A10,
the resulting bed occupancy sometimes exceeds the available bed capacity of 55 beds. The resulting
bed utilization for departments A20, A30, A40, D10 and SSU sometimes exceeds the total available
bed capacity of 136 beds during the week, but never exceeds the total available bed capacity of 121
beds during the weekends.
Again, departments A30 and A40 are presented together in one graph, see Appendix G. When
combining these 2 departments, the maximum bed occupancy never exceeds the total available bed
capacity of 60 beds.
After the combinations, all departments are presented individually again. These graphs can be found
in Appendix H. From these graphs can be concluded that A00, A20, A30, D10 and SSU sometimes
exceed their total available capacity.
2 periods compared
When comparing the 2 analyzed periods, it seems that the bed utilization during the period and
during the days in these periods is more leveled in the period in November than it was in the period
of April 16th to May 20th. This might be a result of the introduction of the SSU, since patients that only
stay in the hospital for less than 4 days (and thus patients with a high turnover) are placed on this
department, resulting in relatively more longer-staying patients in the “old” departments.
Summary
Because it is hard to read the exact number of times the available bed capacities are exceeded from
the graphs, the conclusions drawn above are summarized in Table 7 to Table 10, together with the
number of times the available bed capacities are exceeded.
Table 7. All departments together, A00 and A10 together and A20, A30, A40 and D10 together, April 16th to May
20th

Departments
Capacity
Maximum
Number of times more than cap.

A00 and A10
together
56
59
6

A20, A30, A40 and D10 together
152
135
0

Table 8. All departments individually, April 16th to May 20th

Department
Capacity
Maximum
Number of times more than cap.

A00
24
26
15

A10
32
35
10

17

A20
40
43
2

A30
40
40
0

A40
40
32
0

D10
32
32
0

Total
208
192
0

Table 9. All departments together, A00 and A10 together and A20, A30, A40 and SSU together, November 5th to
November 25th

Departments

A00 and A10
together

A20, A30, A40,
D10 and SSU
together during
the week

A20, A30, A40,
D10 and SSU
together during
the weekend

Total

Capacity

55

136

122

191/176

Maximum

57

141

105

192

Number of times more than cap.

3

7

0

3

Table 10. All departments individually, November 5th to November 25th

Department

A00

A10

A20

A30

A40

D10

SSU

Capacity

24

31

29

20

40

32

15

Maximum

26

33

39

21

39

34

21

Number of times more than cap.

14

1

193

4

0

5

26

From these tables it can be clearly concluded that when having the option of exchanging patients
over the various departments, the available bed capacities are exceeded much less often. This can
especially be seen very clearly for department A20. When analyzing this department alone, the total
available bed capacity of 29 beds is exceeded 193 times (in the period of November 5th to November
25th), while when combining this department with A30, A40, D10 and the SSU, the total available bed
capacity for these departments taken together is only exceeded 7 times during the week and never
during the weekends.
In conclusion, since the total utilization of beds hardly ever exceeds the total available bed capacity it
is possible to exchange patients over the various departments. Also, exchanging patients over the
proposed combination of departments results in less exceed of available bed capacity, for both
periods analyzed.

6.3.

Emergency patients

After analyzing the possibilities to exchange patients over the various departments, now it is
analyzed whether emergency patients are indeed transferred to other hospitals during 2007.
In order to analyze the arrival and transferring of emergency patients at the UMCN, a management
information system from the UMCN is used. However, the SEH (“Spoedeisende Hulp”; first aid) for
the cluster of interest has not been operational in its current structure for a long time, meaning that
the information system did not have the needed information complete. The following problems were
encountered when gathering the information regarding emergency patients:
1. No entered specialty
2. “SEH” entered as specialty
3. Reason of departure not entered
4. “Different” entered as reason of departure
Ad 1 and 2. For several patients either the specialty was not registered or was registered as being
“SEH”, which is not an actual specialty but simply means that the first treatment has been done by
the first aid but does not say anything about any other specialties involved after that first treatment.
Therefore, these patients need to be assigned a new specialty. Because the SEH deals with patients
not only from the departments of interest, but also with patients from other departments and/or
clusters, not all patients without a specialty or with SEH as specialty are of interest. Some of these
patients could be traced by comparing the table from the SEH with a table of hospitalizations from
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another management information system. Since these patients were already registered in the
information system registering hospitalizations, they were removed from the SEH-table to avoid
double registries. The remaining patients are recoded and distributed over all specialties that are
served by the SEH according to the share of a specialty of all patients with a registered specialty, see
Formula 9, with i being a specialty:
Extra patients  ∑



DEFGH IJ KLGMN

DEFGH IJ KLGMN

O Number of patients without specialty

(Formula 9)

Ad 3 and 4. For several patients the action performed after leaving the first aid (exit-registry) was not
registered or was registered as being “Anders” (different), whereas this would be “going home”,
“going to a nursing department” or “register on the waiting list” otherwise. Some of the patients that
did not have a reason of departure registered could be traced by comparing the table from the SEH
with a table of hospitalizations from another management information system again. Again, to avoid
double registries, these patients were removed from the SEH-table. The remaining patients were
recoded in the same way as the patients without a specialty registered, see Formula 9, but now i
does not represent a specialty, but represents a reason of departure.
The effect of the recoding described above was that the total number of transferred emergency
patients for the departments of interest was increased by 10 patients.
The results of the analysis for emergency patients can be found in Table 11. This table shows the
amounts of patients hospitalized as well as the amounts of patients that were transferred to other
hospitals per specialty. The division of the 10 additionally transferred patients over the specialties
can also be found in Table 11.
Table 11. Percentage emergency patients transferred

Hospitalized

Transferred

Additionally transferred

Total

Urology

257

10

1

268

Short Stay-Unit

35

0

0

35

Orthopedic surgeries

195

9

1

205

Lung diseases

216

115

1

332

General surgeries

999

44

3

1046

Cardiologic thorax surgeries

73

0

0

73

Cardiology

837

114

3

954

Pediatrics & Gynecology

210

2

1

213

Total

2822

294

10

3126

TUVW.X

From Table 11 can be concluded that 9.72% ( Y.TZ O 100%) of the emergency patients that arrived
at the UMCN were transferred to another hospital.
Furthermore, from interviews conducted at the SEH to analyze the reasons for these transferring it
became apparent that the only reason for patients to be transferred to another hospital was that
there was not enough space at the nursing department, or at least, no space could be found.
In conclusion, the statement in the problem definition about the transferring of emergency patients
to other hospitals seems to be a correct statement.
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7.

Variables and model description

After analyzing the business problem as presented by the UMCN and concluding that emergency
patients have been transferred to other hospitals, this section will present the different solution
directions. These solution directions are presented as variables in the planning methods that can be
varied. These variables are then used to analyze the sensitivity of the previously described
performance measures to these variables. Also, the model used to simulate the different values for
the variables will be described, together with its constraints and assumptions.
First, the variables are presented, after which the assumptions and constraints are discussed that are
relevant to the model. Last the model is described.

7.1

Variables

6 variables are used to simulate different solution directions. These variables are based on the
problem definition given by the UMCN, interviews with several stakeholders and the literature
review, with values that should take both qualitative and quantitative aspects into account. The
variables are:
1. Percentage of elective patients that can be placed on a guest department
2. Percentage of emergency patients that can be placed on a guest department
3. Percentage of the exchangeable elective patients that can be placed on all other
departments, compared to only a selection
4. Percentage of the exchangeable emergency patients that can be placed on all other
departments, compared to only a selection
5. The duration of stay of a patient on a guest department
6. The flexibility of nurses, regarding being placed on a guest department for one shift
1 and 2. Percentage exchangeable elective and emergency patients
The percentage exchangeable elective and emergency patients are both simulated at 4 different
values. The values for the elective patients are 0%, 5%, 10% and 15% and for the emergency patients
5%, 15%, 30% and 40%. These ranges are very important in the experimentation setup. However, it is
likely that the higher the percentage of exchangeable patients, the bigger the improvement with
regard to, for example, bed utilization will be. This would mean the percentage should be set as high
as possible (100%). However, in practise not all the elective and emergency patients can be
exchanged, based on the complexity of care needed or equipment needed and thus the quality of
care needed, for which the departments are specialized. Therefore, the head nurses were asked to
estimate maximum percentages of patients to be exchanged, resulting in the ranges as described.
The percentages differ between the two types of patients, since most of the time elective patients
are highly specialized and are especially scheduled at the UMCN, being an academic hospital, instead
of at a normal hospital. Therefore, these patients are much harder to exchange with other
departments than emergency patients who usually go to the nearest hospital. Furthermore, in the
current situation at the UMCN some emergency patients are already temporarily placed on a guest
department for a maximum duration of 24 hours, which explains the lowest value of 5% for
emergency patients, compared to 0% for elective patients.
3 and 4. Percentage exchangeable patients that can be placed on all departments
Variables 3 and 4 are variables that differentiate between the different departments. This
differentiation is used, because of the fundamental differences between for example cardiology and
cardiologic thorax surgeries on the one hand and the other surgeries on the other hand, as previously
described in Section 6. By taking these differences into account, quality can be guarnateed. Just like
with variables 1 and 2, a difference is made between elective and emergency patients. When taking
cardiology and cardiologic thorax surgeries as an example, it is more likely for emergency patients to
be exchangeable between these two departments than it is for elective patients, for the same reason
as described above for the first two variables. The head nurses were again asked to make an
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estimation of the percentages, from which the values are set 0%, 10%, 25% and 50% for the
exchangeable elective patients that can be placed on all departments. The percentage of
exchangeable emergency patients that can be placed on all departments is set to values of 5%, 15%,
30% and 50%. When setting these variables to 0% it means that patients that have been labeled as
exchangeable by variable 1 or 2 are only exchangeable with other selected departments, so not with
all other departments. The other selected departments are the same as used in Section 6 to cluster
the departments: cardiology and cardiologic thoracal surgeries and the other departments.
To restrict the number of experiments, variable 3 and 4 are taken the same for all departments.
5. The duration of stay of a patient on a guest department
If a patient is labeled exchangeable and it is necessary to place him on a guest department, variable 5
is used to decide whether the patient is placed on the guest department temporarily, with a
maximum of 24 hours, or for the entire duration of stay. This variable is set either to 0, meaning the
patient is staying on the guest department for a maximum of 24 hours, or 1, meaning the patient is
staying on the guest department for the entire duration of stay. In order to limit the the number of
experiments, it was decided to either set all patients that are exchanged at a maximum duration of
stay of 24 hours at the guest department or at the entire duration of stay at the guest department. In
practice this will probably not be the case, since it is well possible that some patients might be placed
on a guest department for a short period of time (less than 24 hours), while other patients might be
placed on a guest department for the entire duration of stay. However, limiting these options
significantly decreases the options and therefore the number of experiments that need to be
conducted, while still analyzing the individual effects of these 2 options on the presented
performance measures.
6. The flexibility of nurses, regarding being placed on a guest department for one shift
The last variable that is analyzed in this project is the flexibility of nurses regarding placement on a
guest department. Because nurses are used and mostly have worked on one and the same
department for years, most of the time they are specialized in the particular work on the home
department. Therefore, it is not possible to leave the nurses completely free and place every nurse
on every other department. Instead, 2 values are analyzed for this variable. The first value is
comparable to the current situation in the UMCN, being that nurses are only scheduled on their
home department. The second value includes the possibility of exchanging nurses. However, only a
limited amount of nurses can be working on a guest department at the same time. The amount of
nurses allowed working on a guest department depends per department and per shift. After
consulting with the head nurses, the minimum and total amounts of nurses are used as presented in
Appendix I. These minimum amounts of nurses are used to guarantee that nurses working on a
department during a shift have sufficient knowledge about the patients and the healthcare needed.
Summary
The variables described above, together with their possible values, are summarized in Table 12.
Table 12. Variables and the possible values

Variable

Value 1

Value 2

Value 3

Value 4

1

Number of
values
4

0%

5%

10%

15%

2

4

5%

15%

30%

40%

3

4

0%

10%

25%

50%

4

4

5%

15%

30%

50%

5

2

Max. of 24 hours

Total duration of stay

6

2

No flexibility nurses

Limited flexibility nurses
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The model used for this project is a model that is based on heuristics. Although an optimization
model could have been used as well, the choice was made to implement a heuristic, because the
heuristic can be translated easier to human handling than an optimization model. This way, the
results are more likely to be implemented in the UMCN, because no difficult computer program will
have to be used. Also, the optimization model would have to be run every hour of the day for an
entire year (2007) which would probably take up a lot of time to run, meaning that the
experimentation time would increase dramatically, whereas a heuristic is much faster and would be
able to run the experimentation in much less time.
Before describing the model, first the assumptions and constraints with regard to the model are
described.

7.2

Constraints and assumptions

First the constraints of this model are discussed:
- The model is built using data from 2007. Therefore, caution should be taken when translating
the results to 2008. Especially since during 2007 several changes have taken place, caused by
the starting of a new department, the SSU, leading to a shift of beds from the regular
departments to the SSU and also the decrease in number of beds on A30/A40 (General
Surgeries) from 80 to 60 beds.
Next, the assumptions used to build this model are discussed:
- If a nurse is sick, it is assumed to be known before 9 AM of that day. This seems to be a
reasonable assumption at least for day shifts, since it may be expected from employees to
report illness before the start of their shift, or the department head will call the nurse if he or
she does not show up for work. However, for evening and night shifts it is not known
whether the assumption fits, since no official record about the report time of illness could be
found (UMCN, 2007b). After consulting with several head nurses, it seems that this
assumption fits reasonably, though not always. The effect of this assumption not fitting
perfectly is not significant. Not making this assumption, but only assuming that nurses call in
sick before the start of the shift, instead of before 9 AM only results in more often running
daily adjustments: instead of once a day at 9 AM, three times a day, for example half an hour
after the start of every shift.
- Nursing departments know the duration of stay of a patient with certainty for the coming 24
hours. In other words, the nursing departments always know exactly for the coming 24 hours
what is going to happen to all the patients present on the department; whether they will be
fired or not. This seems to be a valid assumption, since patients often hear the day before
the actual firing that they can leave the hospital. However, this is not always the case and
expectations regarding the firing of patients can always change due to changes in the health
situation of the patient. On the other hand, it is also possible to fire patients sooner than
expected from the department, when the room is needed for a new patient, giving the
nursing department some flexibility. Therefore, it is assumed that these 2 effects counteract
and thereby weigh each other out.
- It is assumed that on the Short Stay-Unit, no more patients are accepted after Friday 2 PM.
The reason for this assumption is that the SSU closes during the weekend, from Friday 5 PM
until Monday 8:30 AM. Furthermore, possible patients that are still located on the
department on Friday at 5 PM are transferred to another department.
- It is assumed that all patients of a specialty account for the same daily workload, during their
entire stay at the hospital. This probably is not a sound assumption. First of all, patients differ
significantly from each other, not only between the different specialties, but also within one
specialty. Furthermore, patients arriving at a nursing department from the operating theatre
will probably require more attention close after the operation compared to a longer period
of time after the operation. However, at this moment there is no objective measure within
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the UMCN to measure workload. In order to implement a more objective measure would
require a complete study, for which there is no time during this project. Therefore, the
results gained from the model with regard to workload should be interpreted with care.
It is assumed that the currently used nurse rostering scheme, in which a number of nurses is
assigned per shift to the department, depending on the day in the week, is based on a fully
utilized department. The differences in number of nurses assigned during the week are
assumed to be caused by differences in workload per patient. For example, during the
weekends fewer nurses are scheduled than during the week. Using this assumption this
would mean the patients account for a lower workload than during the week. This seems a
reasonable assumption, since no operations on elective patients are performed during
weekends and also no elective patients are arriving during the weekend, except some
patients that are scheduled for an operation on Monday. However, the number of nurses
assigned to shifts is also sometimes adjusted for expected utilization of beds. For example,
the SSU will have fewer patients on the department on Friday afternoon, due to the fact that
the department closes at 5 PM, meaning that all patients that were on the department either
need to be fired or need to be transferred to a different department.

7.3

Model

The program used to simulate the model is Enterprise Dynamics. The model is made up of 2 main
parts that are subdivided:
1. Patient planning:
a. Arrivals of patients
b. Patient registry on department
c. Patient allocation to department
d. Half hour check up on the department
2. Nurse planning
a. Nurse scheduling 3-monthly
b. Nurse scheduling weekly
c. Nurse scheduling daily
All of these steps are represented in Figure 7.The steps are discussed more extensively below.

Figure 7. Patient and nurse planning

1.a. Arrival of patients
The patients arrive per department and it is divided into the arrival of emergency patients and the
arrival of elective patients. Next, these arrivals are spread during the week and during the day, with
23

different arrival distributions for different times. This will be discussed more extensively in the next
section. The arrival of elective patients in the beginning of the model is exactly one month before the
actual arrival of the patient at the department. This is done, because in the UMCN patients are
planned for surgeries one week before the surgery on Thursday. This would mean that the elective
patients in the model are already known a month before the actual operation time, instead of the
week that is used in the UMCN. However, the model never looks more ahead in time than 1 week,
and this is only used for registering the elective patients to check whether the arrival of all the
elective patients is possible with regard to the capacity of the department, a check that is also done
in the UMCN, every Thursday.
1.b. Patient registry on department
After arrival, the patients are assigned the duration of stay, they are registered in a table on the
department and assigned a number. Every patient receives a unique number, to be able to
differentiate between the different patients later. The duration of stay of the patients will be
discussed more extensively in the next section. The patients are registered in a table that
accumulates the number of patients present at the department per half hour. At this point, all
patients are registered on their home department. For this registry the real duration of stay of the
patient is used. Although the real duration of stay is not known when a patient enters the hospital, it
is used for modelling purposes, but never for planning or decision purposes. The fact that the patient
is registered here on its home department does not necessarily mean that the patient is also
allocated to its home department. That decision is made in the next part; part 3. After registering the
patient on the department, the patient is labelled for being exchangeable or not. This is done by
using a binomial distribution, with a chance of success that is dependent on the scenario simulated.
Furthermore, another binomial distribution is used to randomly assign the exchangeable patients
complete exchangeability or exchangeability between selected departments only. These additional
groups of exchangeability are used to take the constraints mentioned in Section 6 into account, with
regard to quality of healthcare and equipment.
1.c. Patient allocation to department
After registering the patient and assigning the duration of stay, patients are allocated to a
department. For all patients (regardless of their exchangeability), the first choice is to allocate the
patient to its home department. If that is not possible due to capacity constraints, the next choice is
the second best department if the patient is labelled as exchangeable or the patient is transferred (in
the case of an emergency patient) or the operation is cancelled (in the case of an elective patient). If
the second best department is also not available (in the case of the patient labelled as
exchangeable), the third best department is the next choice, etc. If all departments are unavailable,
the patient is transferred or the operation is cancelled. If a patient is allocated to a different
department than its first choice (the department of the specialty assigned to the patient), the table in
which the patient was registered is updated, meaning that the number of beds utilized on the home
department of the patient is decreased by one for the entire duration of stay of the patient and is
increased by one at the department where the patient is allocated to, also for the entire duration of
stay of the patient.
1.d. Half hour check up on the department
After the patients have been allocated to a department, every half hour from 8 AM until 5:30 PM it is
checked whether the duration of stay of the patient has passed and hence whether the patient is
fired or not. Also, depending on the scenario that is simulated, it is checked whether the home
departments of guest patients are able to hospitalize the patient for the coming 24 hours so that the
patient can be transferred back to the home department. If a patient is transferred back from a guest
department to the home department, the table is updated by decreasing the number of patients for
the remainder of the duration of stay of the patient on the guest department by 1 and by increasing
the number of patients by 1 for the remainder of the duration of stay of the patient on the home
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department. The first row that is updated on the guest department is the one row after the current
time row and on the home department it is the current time row. This difference is implemented,
actually leading to a double utilization of beds during half an hour, to account for the time that is lost
by transferring the patient.
2.a. Nurse scheduling 3-monthly
The first step in the nurse rostering system is to make a 3-month cycle of shifts. This step in fact is
not really taken in this model. Instead, the minimum amounts of nurses needed on the department
are registered at the beginning of the simulation period in the nurse rostering table for the entire
year. The reason for doing so is purely practical, in real life this step would still be taken every 3
months. However, this does not influence the model, since the adjustments after this 3-month cycle
are performed weekly in which the model looks only 1 week ahead and therefore does not see the
difference between a 3 month cycle and a 1 year cycle.
2.b. Nurse scheduling weekly
The first real step in the nurse scheduling is the weekly adjustments. These adjustments are made
based on the weekly schedule of elective patients which is released on Thursday at 4 PM. These
adjustments are made based on the expected workload for the next week caused by elective
patients. This workload is calculated almost the same as described in Section 5. The only adjustment
in Formula 2 is that the maximum workload during a shift is calculated, meaning that the patient row
with the most patients is used and the workload based on this amount of occupied beds is
calculated. If this maximum workload does not exceed 1, the nurses that were scheduled in the “3month cycle” already suffice for the elective patients scheduled for the next week. If the maximum
workload exceeds 1, a nurse is added, after which the maximum workload is recalculated. This is
repeated for every shift of the week and for every department separately, meaning that it is
repeated 7*3 (number of shifts) * 6 (number of departments) = 126 times.
2.c. Nurse scheduling daily
The second and last step in the nurse scheduling is the daily adjustments, which is performed at 9
AM. This time is chosen because it is at the beginning of the day and at the start of day shifts of all
departments. It is assumed that at this time, it is known how many nurses are sick during the entire
day, so also during the coming night shift. These adjustments are made based on the arrivals of
emergency patients and on the real duration of stay of the patients, both of the elective patients and
the emergency patients. Also, these adjustments are made based on the number of sick nurses. To
implement sick nurses, the short-term sickness is used, based on the entire UMCN (UMCN,
2007b).This percentage is implemented in the model using a binomial distribution, which is run j
times, with j being the number of nurses scheduled for the department. The number of “successes”
from this distribution is subtracted from the number of nurses scheduled for the department and the
maximum workload during a shift is recalculated. Next, if the workload exceeds 1 for the shift, a
nurse is added and the maximum workload during the shift is recalculated. This is repeated for every
shift during the day and for every department, meaning that it is repeated 3 (number of shifts) * 6
(number of departments) = 18 times.
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8.

Experiment setup

In order to analyze the variables and the influence they have on the performance measures, an
experiment is conducted in which the variables are varied over the values that were presented in the
previous section. In this section the setup of the experiment used to test the variables is described.
Number of experiments
Because it is well possible that a correlation exists between the different variables and the effect on
the performance measures, for example the percentage of patients being labeled exchangeable and
the percentage of the as exchangeable labeled patients that are exchangeable with all departments,
all possible combinations should be tested so that the individual contributions of the variables can be
analyzed without being influenced by the correlation. However, the model already takes several
hours to run a simulation of 1 year, meaning that running 1024 experiments is simply not achievable
due to time constraints. Especially when also taking into account that every setup will probably need
to be run more than one time, which will be discussed later. To avoid having to do 1024 experimental
setups, the model was slightly adjusted, meaning that for variable 6 (flexibility nurses) both values
can be read from the same simulation run, resulting in a decrease of setups by half to 512. However,
this would still be too many runs. Therefore, it was decided to implement a Taguchi orthogonal array
setup (Fraley et al., 2006). The Taguchi method is used to reduce variation in a process through
robust design of experiments. In this case, variation can be seen as the deviation from the
performance measures. To analyze the results of the Taguchi design Signal to Noise-ratios are used
(described later), which can then be used to rank the variables on the influence they have on the
performance measures. After determining these influences, the optimal values for all variables are
used to setup the most optimal situation. The use of orthogonal arrays allows for the collection of all
the needed data, while minimizing the amounts of experimentation. In order to determine the
needed deviation from the performance measures, the optimal values as determined in Section 5 are
used, which are repeated in Table 13.
Table 13. Optimal values performance measures

Performance measure

Optimal value

Bed utilization

100%

Workload variance

0

Number of externally hired nurses

0

Percentage emergency patients transferred

0%

Percentage elective patients transferred

0%

By using a Taguchi design for the experiment for the remaining 5 variables, the number of
experiments is reduced from 512 to 16, see Table 14 (Freequality.org, 2008).
Since variable 5 (duration of stay of a patient on a guest department) only consists of 2 values, the
table is adjusted and value 3 for variable 5 is recoded as 1 and value 4 for variable 5 is recoded as 2.
This does not affect the efficiency of the arrays, since the number of experiments is not decreased,
only the number of values for the variable is decreased, meaning that more than necessary
experiments are conducted to determine the effect of variable 5 on the performance measures.
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Table 14. Taguchi orthogonal array design (L’16)

Experiment No.

Variable 1

Variable 2

Variable 3

Variable 4

Variable 5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

1
2
3
4
2
1
4
3
3
4
1
2
4
3
2
1

1
2
3
4
3
4
1
2
4
3
2
1
2
1
4
3

1
2
3
4
4
3
2
1
2
1
4
3
3
4
1
2

To determine the effect of any variable on the performance measures, Signal to Noise ratios, or SNratios, are used. The SN-ratio “measures the quality of energy transformation that occurs within a
design (Taguchi et al., 1999), meaning that the SN-ratio measures the effect of the variable (the
signal) on the performance measure, compared to other influences (noise). In this project, the noise
can be seen as all the other influences on the system, including the other variables.
The calculation of the SN-ratio depends on the characteristic of the performance measure; whether
it needs to be maximized or minimized. In this project, the bed utilization should be maximized, while
the workload variance, number of externally hired nurses and the percentage patients transferred
should be minimized. To determine the effect of the variables on bed utilization, the SN-ratio is
calculated using Formula 10 while to determine the effect of the variables on the workload variance,
number of externally hired nurses and the percentage emergency patients transferred Formula 11 is
used (Fraley et al., 2006):
.
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In these formulas, yu is the value of the performance measure after a trial for an experiment and Ni
is the number of trials per experiment.
These calculations lead to five SN-ratios per experiment, one ratio for every performance measure.
Next, the average SN-value is calculated for each variable and every variable value, meaning that an
average SN-ratio is calculated for variable j with value i, by taking the average of the SN-ratios of all
experiments in which variable j has value i. For example, variable 1 has value 1 in experiments 1, 2, 3
and 4 (see Table 14). The average SN-ratio is then calculated:
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This is done for every performance measure.
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After calculating the SN-values per value for each variable, the range for every variable is calculated.
Based on these ranges, a distinction can be made between the effects of the variables on the
performance measures; the larger the range-value, the larger the effect of the variable on the
performance measure.
Last, the variables are set at the most optimal value based on the ranges of the SN-ratios and this
“optimal situation” is simulated, after which the results are compared with the current situation, to
determine the effects of combining all variables in their most optimal values on the performance
measures.
Warm-up period
The simulation as performed in this project can be defined as a steady-state simulation, which
implies “that a simulation has reached a point in time where the state of the simulation is
independent of the initial start-up conditions” (Mehta, 2000). However, it will take some time for this
state to be reached, since all departments are starting the simulation with no patients, while in
reality the departments would already have some patients occupying beds, meaning that the average
utilization of beds in the beginning of the simulation is lower than would be the case in reality.
Therefore, a warm-up period is used. In order to determine this warm-up period, the Welch graphical
method is used (Mehta, 2000). With the Welch graphical method, the moving averages calculated
from the output of multiple model runs are graphically presented. Based on this graphical
presentation, a certain amount of time at the beginning of the simulation is considered warm-up
period. Because the arrivals of patients at the UMCN are divided over the departments and all
departments should achieve the steady state before the results can be used, the warm-up period is
calculated for the average utilization of all departments together. The graphical representation of the
average utilization of all departments for 5 runs is given in Figure 8, with the number of weeks on the
x-axis and the average utilization of beds over all departments on the y-axis. The moving average
period is set at 2 weeks. As can be seen in Figure 8, a suitable warm-up period for this model would
be 8 weeks. Therefore, as starting point for the simulation March 1st, 2007 is taken.
0.8
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Figure 8. Moving average bed utilization all departments

Number of runs
Every run performed is called a replication, which can be defined as “executing the same model a
number of times, but with different random numbers in each run”. Replications are necessary
because the simulation is based on random numbers (arrivals of patients and durations of stay of
patients) and due to the very nature of these random numbers, they can differ by every replication
performed. As a rule of thumb, 3 to 5 replications should be performed for an experiment (Mehta,
2000). Therefore, in this project for every experiment, 5 runs are performed.
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9.

Data gathering

After describing the model and the experimentation setup, the data is gathered. This is done by using
several information systems present in the UMCN and combining the data retrieved from them. The
data needed to perform the analyses are the arrival distributions for the patients and the durations
of stay for the patients, which are discussed in this section. However, before going to the actual
arrivals of patients, first the period is discussed over which data is gathered and the assumptions
needed are discussed.

9.1

Data gathering period and assumptions

Taking the entire year of 2007 to gather data would not be a correct representation, because during
the summer period, July and August, fewer operations are performed in the UMCN, leading to less
elective patients being hospitalized. Therefore, no data is gathered during these 2 months. However,
July and August are still included in the model, with the remark that they do not represent the actual
months of July and August of 2007. However, while gathering the data, it has appeared that both the
months December and January also have to deal with a big holiday period, the Christmas and New
Year’s holiday period. For example, the SSU has been completely closed from Friday December 21.
Therefore, data is gathered from Monday January 15 to Sunday December 16 (Friday December 21
for the SSU, due to the short period already available) and the results from the analysis can therefore
only be generalized for the periods January 15th to June 30th and September 1st to December 16th.
Patient arrivals are assumed independent. This is an important assumption, because that way the
patients’ arrival is much less complex and every patient has an individual arrival at the UMCN. Using
this assumption, by definition the number of arrivals per interval (e.g. 1 hour) are Poisson distributed
(Montgomery & Runger, 1999a). Furthermore, if the number of arrivals in an interval is Poisson
distributed with mean number of arrivals λ, the interarrival times between two subsequent arrivals
follows an exponential distribution, with parameter λ (Montgomery & Runger, 1999b).
This assumption seems to hold, since generally patients are independent of each other regarding the
admission (see e.g. (McClean & Millard, 2007)).
For emergency patients the assumption of independency between subsequent arrivals definitely
seems to be accurate, since most emergency patients entering the UMCN arrive through the first aid
and do not have any relationship with other patients entering. Some exceptions are of course major
accidents, these are therefore assumed to be of minor influence on the overall arrival of emergency
patients. For elective patients this assumption will probably not hold completely, since elective
patients arrive depending on the operating theatre planning. Since the operating theatre can only
accommodate a certain amount of operations, and thus patients, there should be a maximum on the
amount of patients entering. Furthermore, patients planned for the operating theatre generally
speaking enter the hospital the day before the operation, between 9 and 11 AM. If more patients
arrive between 9 AM and 10 AM, this would mean fewer patients arrive between 10 AM and 11 AM,
meaning there is correlation between the arrivals of patients. How this is dealt with will be described
later.

9.2

Patient arrivals

Patients roughly arrive at the hospital through 2 different channels: through the emergency channel
and through the elective channel.
First, the arrivals of emergency patients will be described, after which elective patients will be
discussed.
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Emergency channel
Part of the data gathering has already been performed and is described in Section 6. The same
recoding of specialty of patients without a specialty registered and the same recoding of destination
for patients without a destination registered is used here.
A striking feature of the emergency patients arrivals is that it seems that the registered time is not
always the correct time, since the arrival of emergency patients between midnight and 1 AM is
significantly higher than the hours before and after (9 per hour on average compared to less than 1
per hour on average for the hours 1 to 9). It is very unlikely that there actually was a peek in arrival of
emergency patients at this time. However, when assuming that these arrivals have actually
happened in the hours before or after midnight, they do not influence the decision about whether or
not to hospitalize a patient, since no patients will be fired in that time-frame anyway. The only
influence it might have is on the registered bed utilization; this might be fractionally lower than the
actual utilization in case the actual arrivals are before midnight and fractionally higher if the actual
arrivals are after midnight. This difference is very small and therefore the arrivals do not need to be
adjusted.
Due to the changes described before, it was decided to determine the arrival process for all
emergency patients of CSS together and to assign a specialty to these patients later, based on the
division of patients over the specialties, instead of determining an arrival process for every specialty
independently.
In order to do so, first, the day is split into several blocks. This is done, because the arrival of patients
varies during the day. Blocks of more than 1 hour are used istead of a block for every hour to keep
the model more compact. The blocks are based on arrival time figures, as presented in Figure 9,
which shows the number of patients arriving through the emergency channel during the day.

Figure 9. Arrival times emergency patients

Figure 9 includes the block midnight – 1 AM. When taking the previously mentioned assumption into
account and assume that the arrival distribution between midnight and 1 AM is equal to the arrival
distribution between 1 AM and 10 AM, 5 blocks remain. These blocks are:
0:00 – 10:00
10:00 – 16:00
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16:00 – 20:00
20:00 – 24:00
The method used here to break up the arrivals into these 4 blocks is simply looking for the peaks in
the figure and trying to make blocks that represent time intervals that seem to have about equal
arrivals.
The next step is to find the total number of arrivals during 2007 for each block and use this to
calculate the average amount of arrivals per day, from which the mean interarrival times can be
calculated, see Table 15.
Table 15. Mean arrivals of emergency patients per day, per hour

From

To

Total in 2007

Per day per hour = λ

00:00

10:00

386

0.105764

10:00

16:00

445

0.698630

16:00

20:00

732

0.501497

20:00

24:00

378

0.258785

Total

3026

Elective channel
As explained at the beginning of this section, it is unlikely that the arrivals of elective patients are
completely independent, due to the operating theatre planning and the patients arriving accordingly.
However, patients scheduled for about the same time in the operating theatre arrive around the
same time at the nursing department, meaning that the correlation between the arrivals is higher at
certain times. Therefore, the same method to put the arrivals of patients in blocks used for
emergency patients is used for elective patients. By doing so, the interdependency is restricted to
only a limited amount of time blocks instead of all arrivals. Furthermore, while for emergency
patients only 1 type of arrival was used, for elective patients several types of arrivals exist:
1. New hospitalization (most likely an operation)
2. Placing a patient from another hospital
3. Taking back a patient from a guest bed
4. Placing a patient from the medium- or high-care
5. Placing a patient from the daycare
6. Change of specialty
7. Placing a patient from the SSU (on Fridays)
Therefore, not only will blocks be constructed for times during the day, blocks will also be
constructed for types of arrival. Another difference with the arrivals of emergency patients is that the
arrivals of elective patients are very likely to vary during the week, since no operations are
performed on Saturdays and Sundays. Therefore, blocks will also be constructed for days of the
week. Lastly, the arrivals of elective patients may differ throughout the year, due to changes in the
organization. For general surgeries even 2 changes are influencing the elective patient arrivals:
downsizing the department from 80 to 60 beds and the start of the SSU. For other departments, this
was only the start of the SSU. Therefore, the blocks will be constructed for different periods
throughout the year, depending on the department.
The blocks are built using several different figures, all presented in Appendix J. First the days of the
week are analyzed, looking for similarities both in shape and magnitude over the different days. Then
the types of arrivals are analyzed similarly. Last, the time blocks are analyzed by constructing a new
figure displaying the recoded days of the week and the recoded types of arrival.
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This method is used for all departments, resulting in the time blocks as presented in Table 16 for
cardiology. The tables for all departments can be found in Appendix K. In these tables the interarrival times are also presented, which are calculated in similar ways as for the emergency patients. If
no inter-arrival time is presented for a certain block, it means there are no arrivals at all during this
block (λ = 0).
Table 16. Time blocks and arrival rates cardiology

Cardiology
Period
Whole
year

Type of
arrival

Day

Time blocks

1 Monday to Thursday

Friday

0.38
0.15

0.01
0.00

21:00-7:00

-

7:00-12:00

0.36

Saturday

Entire day

0.00

Sunday

20:30-13:30

2 Monday to Thursday

Friday

Saturday
Sunday

9.3

8:00-11:00 &
18:00-19:00
7:00-8:00 &
13:00-16:00 &
19:00-20:00
11:00-13:00 &
16:00-18:00 &
20:00-07:00
12:00-21:00

Arrival rate λ
(per hour)

-

13:30-20:30
0:00-8:30
18:00-24:00 &
8:30-11:00
11:00-18:00

0.10
-

0:00-7:00
7:00-11:00 &
19:00-24:00
11:00-19:00

0.02

9:00-21:00

0.03

21:00-9:00

0.00

Entire day

0.01

0.03
0.09

0.12

Duration of stay

After having calculated the arrival rates for both emergency and elective patients, the durations of
stay of the patients are presented here.
The durations of stay of the patients can also be divided into patients arriving through the emergency
channel and patients arriving through the elective channel. However, before doing so, first it is tested
whether these 2 groups of patients indeed have different distributions regarding their duration of
stay. The specialties are divided into several groups, based on either a change in department capacity
(general surgeries went from 80 to 60 beds on June 4) or the start of the SSU, causing patients to be
placed on the SSU instead of their home department. Only the elective patients are divided based on
these criteria. The emergency patients are not separated, because although the specialty has
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undergone some changes, this does not have an effect on the acceptance of emergency patients. The
only effect the downsizing of the department as of June 4 could have is on the acceptance of
emergency patients due to the smaller department. However, this does not affect the durations of
stay of the emergency patients, since the refusal of patients is based on the time of arrival of that
patient and not on the duration of stay. Furthermore, the start of the SSU did not affect the
durations of stay of the emergency patients, since the SSU does not hospitalize any emergency
patients, unless the SSU is used as a guest department.
Using these criteria, general surgeries is divided into 4 groups:
- Emergency patients
- Elective patients before June 4
- Elective patients between June 4 and before the start of the SSU (September 10)
- Elective patients after the start of the SSU
Urology, and gynecology& pediatrics are divided into 3 groups:
- emergency patients
- elective patients before the start of the SSU
- elective patients after the start of the SSU
The remaining specialties (cardiology, cardio-thoracal surgeries, lung diseases and orthopedic
surgeries) are divided into in 2 groups: emergency and elective patients. Although lung diseases also
has one bed placed on the SSU, it is assumed that the possible effect on the durations of stay of the
patients can be neglected.
First, the different groups will be tested, after which the distributions are given.
Distribution groups
The distribution groups are continuous and non-parametric; continuous since the duration of stay is
a time-variable and non-parametric, because it is not sure whether all distributions are in fact from
the normal distribution, therefore, distribution-free methods are used (Montgomery & Runger,
1999c). When comparing more than 2 continuous distributions on equality, the Kruskal-Wallis test is
a suitable measure (see e.g. (Morgan & Griego, 1998) or (Desu & Raghavarao, 2004)). Furthermore, it
is thinkable that the distributions of the different elective groups are the same, e.g. the distribution
for elective patients before the SSU and the distribution for elective patients after the SSU.
Therefore, these will be tested separately as well. Specialties with 2 distribution groups are also nonparametric, however, since there are only 2 groups per specialty now, the Mann-Whitney test and
two-sample Kolmogorov-Smirnov test are used (Morgan & Griego, 1998). These tests are also used
for some specialties with more than 2 distribution groups, if 2 of the distribution groups are tested
(for example elective patients before and after SSU).
The results of the analyses are summarized in Table 17 and Table 18. The SPSS output can be found
in Appendix L.
Table 17. Interdependence durations of stay, more than 2 groups

Pediatrics & Elective before and after
Gynecology
SSU and emergency
Urology
Elective before and after
SSU and emergency
General
Elective before and after
surgeries
June 4 and emergency

Asymptotic
significance (2-tailed)
0.000
0.000
0.065
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Table 18. Interdependence durations of stay, 2 groups

Asymptotic significance (2-tailed)

Cardio

Elective and emergency

Mann-Whitney
Wilcoxon Test
0.000

KolmogorovSmirnov test
0.000

CTC

Elective and emergency

0.013

0.000

Lung diseases

Elective and emergency

0.520

0.103

Orthopedic surgeries

Elective and emergency

0.000

0.000

Pediatrics & Gynecology

Elective before and after SSU

0.010

0.000

Urology

Elective before and after SSU

0.000

0.000

From Table 17 can be concluded that the durations of stay of patients with specialty general do not
differ significantly between the three distribution groups. Therefore, all patients entering with
specialty general surgeries are assigned the same duration of stay distribution. The other 2
specialties do not have equal distributions among the distribution groups.
From Table 18 can be concluded that the elective and emergency patients of lung diseases follow the
same distribution. Therefore, these patients will be labeled the same duration of stay distribution.
The other patients are all labeled according to their entrance.
The last specialty, or actually nursing department, for which groups need to be formed regarding the
duration of stay is the SSU. The SSU is different from the previously described specialties, since the
SSU does not receive direct emergency patients, only as a guest bed from the other nursing
departments. Furthermore, the SSU closes on Friday at 5 PM. Therefore, the distributions for the
durations of stay are divided into 5 groups, for every day of the week the department is open a
separate distribution. Due to the very nature of the department, the distributions need to be
different and are therefore not tested for similarity here.
In conclusion, the following distributions for the durations of stay are needed:
- General surgeries: all patients
- Cardiology:
o Elective patients
o Emergency patients
- CTC:
o Elective patients
o Emergency patients
- Lung diseases: all patients
- Orthopedic:
o Elective patients
o Emergency patients
- Pediatrics & Gynecology:
o Elective patients before and after SSU
o Emergency patients
- Urology:
o Elective patients before and after SSU
o Emergency patients
- SSU:
o Elective patients per day of the week
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Duration of stay distributions
Now the distribution groups per specialty or department have been determined, the duration of stay
distributions can be analyzed. A measure frequently used is the average duration of stay (Marshall et
al., 2005). However, the average duration of stay, although easy to quantify and calculate, does not
take the underlying distribution into account. Alternatively, patients can be divided into 3 or 4
compartments, with the compartments representing groups of patients and their duration of stay,
with every patient having a certain rate r with which they are transferred to a longer-stay
compartment and with rate v leaving the system ((Harrison, 1994) and (Taylor et al., 1998)). Instead
of using compartments with transfer and leave rates, mixed-exponential distributions can be used to
describe the differences in short-stay, medium-stay and long-stay patients (Vasilakis & Marshall,
2005). However, both these method require a lot of information from the management information
system and increases complexity in the data-analysis (Singh et al., 2005). A fourth alternative is to
use the lognormal distribution (see e.g. (Eaton & Whitmore, 1977), (Szu & Chick, 2001), (Polverejan
et al., 2003), (Abas et al., 2006)). In complexity, the lognormal distribution can be placed in between
the average duration of stay and the compartments or mixed-exponential distribution. The
lognormal distribution is easier to fit, while still taking some variation in the process into account.
Therefore, the lognormal distribution is the first choice to model the durations of stay in this project.
Whether the data fits a lognormal distribution is determined using frequency histograms. These
histograms have been made for all durations of stay distribution groups and can be found in
Appendix M to Appendix P. In Figure 10 the histogram of cardiologic elective patients is shown as an
example.
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Figure 10. Histogram durations of stay, cardiology

As can be seen in Figure 10, the durations of stay are highly skewed to the right and are always nonzero (which makes sense, since patients will never stay less than zero days on the nursing
department), both being characteristics of the lognormal distribution (ReliaSoft Corporation, 2005).
These characteristics can be found in all the duration of stay figures. Furthermore, duration models
can be simulated, amongst others, by the lognormal distribution, if the durations have a nonmonotonic rate, meaning that the distribution for duration of stay is not solely increasing or
decreasing (Prieger, 2002). Therefore, it is assumed that the durations of stay for all patients are
lognormally distributed. The mean and variance of these distributions can be found in Table 19 to
Table 22 for all specialties.
Table 19. Duration of stay cardiology CTC and orthopedic surgeries, mean and variance in days

Specialty

Elective patients

Emergency patients

Mean

Variance

Mean

Variance

Cardiology

2.47

12.35

4.48

18.48

CTC

3.36

10.22

4.06

33.73

Orthopedic surgeries

4.51

22.58

5.81

35.08
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Table 20. Duration of stay pediatrics& gynecology and urology, mean and variance in days

Specialty

Elective patients
before September 10
Mean
Variance

Pediatrics &
Gynecology
Urology

Elective patients after
September 10
Mean
Variance

Emergency patients
Mean

Variance

4.02

14.80

3.45

13.15

2.31

11.95

3.62

14.85

3.03

12.34

4.14

13.48

Table 21. Duration of stay lung diseases and general surgeries, mean and variance in days

Specialty

All patients
Mean

Variance

Lung diseases

6.05

34.90

General surgeries

4.67

23.71

Table 22. Duration of stay SSU, mean and variance per day of the week in days

Specialty
Day of the week

SSU
Mean

Variance

Monday

1.64

1.36

Tuesday

1.42

0.82

Wednesday

1.26

0.00

Thursday

0.95

0.14

Friday

0.30

0.00
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10. Comparison model and current situation
In this section a comparison is made between the results from the model and the real data as it was
collected, to validate the fit of the model. Which performance measures are used is discussed first.
Second, the description of the current situation is briefly repeated, after which the variable settings
in the model will be described, based on the current situation. Finally, a comparison is made between
the performance measures.

10.1.

Measures used for comparison

The fit between the model and the current situation is analyzed by comparing the total number of
patients entering the UMCN (the total of patients served and patients transferred). Furthermore,
some of the performance measures are used. Not all performance measures will be discussed,
because not all the relevant data for the current situation could be retrieved. The data that could not
be retrieved for the current situation are the number of external nurses hired and the variation in
workload for the nurses. Both these performance measures are related to the nurse roster used
during 2007. Although it is not impossible to collect the data needed, including it would mean
another large data analysis (next to the bed utilization) leading to less time available for the actual
simulation and analysis of the simulation results. Therefore, the comparison between the model and
the current situation is only performed for the bed utilization and the percentage of emergency
patients transferred to other hospitals.

10.2.

Current situation

In the current planning methods of the UMCN, the operating theatre planning and the nurse
rostering planning are completely separated. The only relationship between the two is the indirect
influence of the operating theatre planning on the nurse rostering planning by planning patients for
operations that need to be hospitalized later. Elective patients that need to be hospitalized are
always placed on the home department. If the nursing department expects not to be able to
hospitalize the patient, the operation is canceled.
Emergency patients are hospitalized based on the decision of the head nurse during day shifts or the
senior nurse on duty outside working hours regarding 4 criteria: available beds, beds needed for
elective patients in the next 24 hours, available nurses and the current workload, which is
“measured” subjectively. If the patient can not be hospitalized on the home department, guest
departments are called, who need to make the same decision, based on the same 4 criteria. Patients
placed on a guest bed need to be relocated to the home department as soon as possible. If a patient
can not be placed on a guest department, he is transferred to another hospital.
The nurse rostering planning is made once every 3 months. Next, daily adjustments are made to
adjust for any unforeseen events like illness. If extra nurses are needed for these daily adjustments,
always “external” nurses are used. Nurse exchange is not used.

10.3.

Variable settings model

Since elective patients are only hospitalized on the home department, the percentage of elective
patients that can be placed on a guest department is set at 0%.
The exact percentage of emergency patients that can be placed on a guest department is not known.
This depends on the diagnosis, the patient situation and the judgment of the doctor responsible for
the patient. However, head nurses from the different departments have been asked to make an
approximation of the percentage of emergency patients of their specialty that can be placed on other
departments. The percentages estimated by the head nurses are all around the 40 to 50%. Therefore,
it is assumed that 50% of all emergency patients can be placed on a guest bed. Furthermore, it is
possible to make a division between patients placed on similar guest departments or on any guest
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department in the model. Based on the clustering already used in Section 6, patients with A00 or A10
as home department (cardiology, cardio-thoracal surgeries and lung diseases) can only be exchanged
between these two departments. The remaining specialties can also only exchange patients with
each other.
Nurses are never exchanged, meaning that every extra nurse needed during a shift is an external
nurse.

10.4.

Comparison

First, the total number of patients entering the UMCN are compared, after which the two
performance measures will be compared for the two situations.
Patients entering the UMCN
The total number of patients entering the UMCN can be divided over the various specialties and the
entering channel, as already used in Section 9. Furthermore, data is gathered for the periods January
15th to December 16th, without the months of July and August. Therefore, data for 274 days has been
gathered. However, the results from the model are for 10 months (January and February are used as
a warm-up period, see Section 8), meaning that the model presents data for 306 days. Therefore, the
number of arrivals for the current situation are increased, using Formula 12, with Ai being the
adjusted number of arrivals for specialty i, Oi being the original number of arrivals for specialty i, NM
being the number of days in the model and NR being the number of days from the current situation:
A  O O r
(Formula 12)
s

The number of entering patients for both the simulation and the current situation can be found in
Table 23 for cardiology and in Appendix Q for all specialties.
Table 23. Number of patient arrivals cardiology, current situation and model

Specialty
Cardiology

Current
Elective patients
965

Model

Emergency patients
861

Elective patients
935

Emergency patients
884

From Table 23 and Appendix Q it is concluded that the patient arrivals in the model fit the current
situation at the UMCN reasonably well. The differences between the numbers of arrival in the
current situation and the model are caused by the statistical nature of the model.
Bed utilization and percentage of emergency patients transferred
After comparing the total number of arrivals in the hospitals in the model and the current situation,
now the bed utilization per department and the percentages of emergency patients transferred are
compared, also per department.
The bed utilizations in the current situation and the model are presented for all departments
together in Table 24.
Table 24. Bed utilizations cardiology, current situation and model

Before SSU

After SSU

Bed capacity

208/188

191

Average bed utilization
current situation

0.70

0.73

Average bed utilization
model

0.68

0.70
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The average utilization in the current situation is slightly higher than in the model. Before drawing
any conclusions regarding the utilization, first the percentage of transferred emergency patients is
analyzed as well.
The percentage of emergency patients transferred is calculated for all specialties together. The
reason for not splitting the emergency patients transferred into the specialties is the same reason as
already mentioned in Section 6 the specialty is not registered for all emergency patients and had to
be recoded. The results can be found in Table 25.
Table 25. Percentage emergency patients transferred, current situation and model

Current situation

Model

Total emergency patients
arriving at the UMCN

3126

3079

Emergency patients
transfered

304

407

Percentage emergency
patients transfered

9.72%

13.24%

As can be seen in Table 25, the percentage of emergency patients that is transfered to another
hospital is slightly higher in the model than it was in the current situation throughout 2007. This
explains at least part of the higher utilization in the current situation. The higher percentage of
emergency patients transferred could be caused by the fact that in the current situation, when an
emergency patient arrives at the UMCN, the patient might be hospitalized, despite the fact that the
next day an elective patient arrives and strictly speaking the patients already on the nursing
department would not be fired. However, in this situation, the medical specialist is able to fire a
patient earlier than expected from the hospital, to make place for the newly arrived emergency
patient. In the model, these kinds of human flexibility are, of course, not possible. Furthermore, the
percentage of emergency patients that can be placed on a guest department does not have to be
correct. In the guidelines of the UMCN regarding emergency patients no distinction is made between
the patients, meaning that principally for all emergency patients a guest bed should be arranged, if
the home department can not hospitalize the patient. However, the choice was made for the current
situation in the model to set the percentage of emergency patients that are exchangeable at 40%,
based on interviews with the head nurses.
Conclusion
The model is a reasonably reliable representation of the current situation. Some differences between
the current situation and the model could be caused by the statistical nature of the data in the
model, while others could be caused by differences in flexibility between human acts and
computerized simulation.
In order to make sound comparisons for changes in the performance measures by changing the
variables in the model, simulation results will be compared to the simulation results of the current
situation.
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11. Results
After validating the fit of the model on the real situation at the UMCN, the results obtained from the
experiment are presented in this section. In the first four parts the performance measures and the
individual influences on the performance measures are discussed, after which results from an
experiment with optimal values are compared to the results from an experiment representing the
current situation at the UMCN.
Before presenting the results, the variables, their values and the performance measures are
repeated. The 6 variables are:
1. Percentage of elective patients that can be placed on a guest department (“percentage
exchangeable elective patients”)
2. Percentage of emergency patients that can be placed on a guest department (“percentage
exchangeable emergency patients”)
3. Percentage of the exchangeable elective patients that can be placed on all other
departments, compared to only a selection
4. Percentage of the exchangeable emergency patients that can be placed on all other
departments, compared to only a selection
5. The duration of stay of a patient on a guest department
6. The flexibility of nurses, regarding being placed on a guest department for one shift
The values of these 6 variables can be found in Table 26.
Table 26. Variables and the possible values, repeated

Variable

Value 1

Value 2

Value 3

Value 4

1

Number of
values
4

0%

5%

10%

15%

2

4

5%

15%

30%

40%

3

4

0%

10%

25%

50%

4

4

5%

15%

30%

50%

5

2

Max. of 24 hours

Total duration of stay

6

2

No flexibility nurses

Limited flexibility nurses

The performance measures are repeated in Table 27.
Table 27. Optimal values performance measures, repeated

Performance measure

Optimal value

Bed utilization

100%

Nurse workload variance

0

Number of externally hired nurses

0

Percentage emergency patients transferred

0%

Percentage elective patients transferred

0%

11.1.

Bed utilization

To determine the effects of the variables on the bed utilization, the range of the SN-ratios of the
variables will be calculated, as described in Section 8. For the bed utilization these calculations are
only performed for variables 1 to 5, variable 6 is excluded from the analysis with regard to the bed
utilization. The reason for doing so, is that variable 6 does not influence the bed utilization, since
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patients are placed on a department solely based on the availability of beds; the allocation of nurses
to a department follows from the bed utilization and does not influence it.
In order to calculate the range of the SN-ratios, first the SN-ratios for all performance measures are
calculated per experiment, which are presented in Table 28 for experiment setup 1 (see Table 14 and
Table 24 for the variable values per experiment). The number of externally hired nurses is mentioned
twice in this table, because, as discussed in Section 8, the model was adjusted so that the number of
externally hired nurses can be read for both the situation with and without exchange of nurses from
every experiment setup and no additional experiment setups are needed to do so.
Table 28. Performance measures experiment 1

Bed utilization
Nurse workload variance
Number of externally hired
nurses, no exchange
Number of externally hired
nurses, with exchange
Percentage emergency
patients transferred
Percentage elective
patients cancelled

Rep. 1

Rep. 2

Rep. 3

Rep. 4

Rep. 5

Average

SN-ratio

70%

70%

70%

71%

70%

70%

-3.0948

0.0340

0.0317

0.0320

0.0333

0.0336

0.0329

29.6467

152

158

181

178

149

164

-44.3044

62

82

90

85

71

78

-37.9147

15.27%

14.35%

15.96%

17.86%

15.40%

15.77%

16.0209

1.65%

1.71%

2.12%

2.25%

1.60%

1.87%

34.4885

After determining the SN-ratios for all performance measures per experiment setup, the average SNratio for every variable and every value are calculated per performance measure, for example, for
variable 1, value 1 the following calculation is performed to calculate the average SN-ratio with
regard to the bed utilization:
SN.t. 'Exp. 1* ? SN.t. 'Exp. 2*?SN.t. 'Exp. 3* ? SN.t. 'Exp. 4*
4
The calculated SN-ratios for all variables and values for the bed utilization can be found in Table 29.
After calculating the average SN-ratios per variable and value, the range is calculated for every
variable, see bottom row in Table 29.
Table 29. SN-ratios all variables and values, bed utilization

Bed utilization
Value

Range

Variable
1

2

3

4

5

1

-3.12857

-3.07837

-3.06363

-3.07084

-3.08575

2

-3.08297

-3.06431

-3.09714

-3.07841

-3.0788

3

-3.0592

-3.10278

-3.09236

-3.07285

4

-3.05837

-3.08364

-3.07598

-3.10702

0.070198

0.038462

0.03351

0.03618

0.006952

Next, the ranges for the various variables are analyzed and the effect of the variables on the bed
utilization is determined. Based on the ranges shown above, variable 1 has the biggest influence on
the bed utilization. However, the change in bed utilization due to variable 1 is moderate: 0.57%, as
can be seen in Table 30, in which the averages of the bed utilizations are presented for the various
values of all variables. Furthermore, the second largest effect on the bed utilization is caused by
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variable 2. However, the actual bed utilizations for this variable in do not show a clear increasing or
decreasing pattern and the maximum change is only 0.31%. Therefore, it is concluded that variable 2
does not influence bed utilizations and the differences are purely caused by other factors. The same
conclusion can be made for variables 3, 4 and 5, although variable 4 shows a remarkable drop in bed
utilization when changing from value 3 to value 4 and the overall effect seems to be decreasing bed
utilization. Combined with the increase in bed utilization when changing variable 1, this leads to the
conclusion that exchangeability of elective patients influences the bed utilization more than
emergency patients. This is caused by the difference in amount of patients between elective and
emergency patients (approximately 3 times more elective patients enter the UMCN than emergency
patients). However, elective patients are always a week before arrival scheduled in the UMCN and in
the model even a month before arrival, while an emergency patient is scheduled at the moment of
arrival, meaning that principally an elective patient should never have to be cancelled, because he is
scheduled so far in advance. However, at an emergency arrival, it is only checked for the first 24
hours whether a department is able to hospitalize the emergency patient, meaning that after these
24 hours it is possible that an elective patient was scheduled, who has to be cancelled due to the
arrival of the emergency patient.
Table 30. Average bed utilizations all variables and values

Bed utilization Variable
1

2

3

4

5

1

69.76%

70.16%

70.29%

70.23%

70.11%

2

70.13%

70.28%

70.02%

70.17%

70.16%

3

70.32%

69.97%

70.06%

70.21%

4

70.33%

70.13%

70.19%

69.93%

0.57%

0.31%

0.27%

0.30%

0.05%

0.82%

0.44%

0.39%

0.43%

0.07%

Value

Max. change in bed
utilization
Max. improvement
(relative to lowest
utilization)

In conclusion, variable 1 has the biggest influence on the bed utilization at value 4, with an increase
in bed utilization of 0.57% compared to value 1, which is a relative improvement of only 0.82%. The
other variables only influence the bed utilization even less and without a clear pattern over the
values. From variable 4 needs to be taken into account that the bed utilization dropped when
changing from value 3 to 4.

11.2.

Workload variance

The nurse workload variance is analyzed in the same way as the bed utilization. The SN-ratios, as
presented in the second row of Table 28 for experiment 1, are used to calculate the average SNratios for all variables and values with respect to the nurse workload variance and are presented in
Table 31. In this table, variable 6 is again not taken into account, although the exchangeability of
nurses does influence the workload of nurses; nurses that were scheduled for their home
department are relocated to a guest department, meaning that the nurse workload on the home
department would increase. However, the model allocates the same amount of nurses if this is
needed based on the workload, independent of exchangeability of nurses. Where these nurses are
from, external or from another departments, is determined later (see Section 7 for the methods used
in the model). By doing so, the exchangeability of nurses does not influence the nurse workload
variance.
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Table 31. SN-ratios all variables and all values, nurse workload variance

Nurse workload variance

Variable

Value

1

2

3

4

5

1

29.56054

29.62637

29.79626

29.69836

29.5703

2

29.64933

29.76827

29.57679

29.68079

29.75467

3

29.71544

29.53721

29.64888

29.70906

4

29.72463

29.71809

29.628

29.56172

0.164087

0.231062

0.219477

0.147338

Range

0.184369

As can be seen in the table above, variable 2 influences the performance measure the most, closely
followed by variable 3, however, no clear increasing or decreasing pattern can be distinguished for
variable 3. Variables 1, 4 and 5 all have less influence on the nurse workload variance and no clear
pattern can be found based on the values of the variables. To analyze the actual influence of the
variables 2 and 3 on the nurse workload variance Table 32 is analyzed. As can be seen in Table 32,
the change in nurse workload variance is small; changing variable 3 from value 1 to 4 results in a
lower nurse workload variance of 2.63%. Because of this small changes and the lack of a clear
pattern, the nurse workload is concluded not to be influenced by variable 3. The same conclusion can
be drawn for variables 1, 4 and 5.
Table 32. Average nurse workload variance all variables and values

Nurse workload variance
Value

Max. change in nurse
workload variance
Max. improvement
(relative to highest
workload variance)

Variable
1

2

3

4

5

1

0.03324

0.03299

0.03236

0.03268

0.03320

2

0.03289

0.03245

0.03318

0.03278

0.03249

3

0.03265

0.03333

0.03289

0.03268

4

0.03262

0.03263

0.03297

0.03323

0.00062

0.00088

0.00082

0.00055

0.00071

1.86%

2.63%

2.48%

1.64%

2.14%

In conclusion, variable 2 has the biggest influence on the nurse workload, but only decreases the
nurse workload variance by 2.6% when changed from value 1 to 4. The other variables do not show a
clear increasing or decreasing pattern and their influence is even smaller, therefore, these are
concluded not to influence the nurse workload variance.

11.3.

Number of externally hired nurses

Next, the number of externally hired nurses is analyzed. The number of externally hired nurses is only
influenced by the exchangeability of the nurses, as already discussed previously. Therefore, only
variable 6, the exchangeability of nurses is presented in Table 33.
Table 33. SN-ratios variable 6 with all values, externally hired nurses

Externally hired nurses

6

Value

Range

Variable

1

-44.1375

2

-38.1182
6.019353
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Based on the SN-ratios there is a big difference in number of externally hired nurses between value 1
for variable 6 and value 6. However, from the SN-ratios alone it is not possible to see the actual
influence on the number of external nurses hired. Therefore, in Table 34, the average difference in
the number of externally hired nurses between the experiments without exchange and with
exchange is presented.
Table 34. Average number of externally hired nurses

Externally hired nurses

Average change
Max. improvement
(relative to highest
number of externally
hired nurses)

Average

1

161

2

80
80
49.69%

As can be seen in Table 34, exchanging nurses between the different departments results in about
half the amount of externally hired nurses. However, the very basic workload method used at the
UMCN is used to determine the number of nurses to be exchanged. Therefore a conclusion about the
exchanging of nurses should not only be based on these numbers. However, the number of
externally hired nurses is not only dependent on the availability of nurses on other departments, but
also on a certain minimum amount of nurses that is always required to be from the department they
are working on. The result is that during a shift only 1 or 2 nurses working on a department can be
from a guest department and there is always a minimum number of nurses scheduled for a
department, see Section 5. During some shifts no guest nurses are even allowed, like during night
shifts and weekend shifts. Therefore, exchanging nurses between the departments can be concluded
to have a positive effect on the number of externally hired nurses.

11.4.

Percentage emergency and elective patients transferred

The last performance measures are the percentage of emergency patients transferred to another
hospital and the percentage elective patients cancelled. Again, variable 6 is not taken into account
for this performance measure, since the exchangeability of nurses does not influence the decisions
on placing the patients on a department or transferring them to another hospital. The SN-ratios of
the 5 variables are presented in Table 35 and Table 36.
Table 35. SN-ratios all variables and all values, percentage transferred emergency patients

Transferred emergency patients
Value

Range

Variable
1

3

4

5

1 16.64079 16.32203 16.96684
2 16.73495 16.5861 16.91218
3 16.8149 17.17832 16.88057

16.60549

16.6366

16.84153

17.05171

4 17.18599 17.29018 16.61706

16.99863

0.545203

2

0.96815
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0.349782

16.93099
0.393135

0.415109

Table 36. SN-ratios all variables and all values, percentage cancelled elective patients

Cancelled elective patients

Variable

Value

1

3

4

5

1 35.06753 35.20921 35.23337
2 35.05193 35.26765 35.26576
3 35.38179 35.28184 35.58733

35.13491

35.1059

35.36648

35.50935

4 35.72927 35.47182 35.14405

35.22785

0.677341 0.262609 0.443287

0.366356

Range

2

35.50127
0.403449

Based on the table above, variable 2 has the biggest influence on the percentage of emergency
patients transferred to another hospital and variable 1 has the biggest influence on the percentage of
elective patients cancelled. Both are expected, because variable 1 sets the percentage of elective
patients that is exchangeable, meaning that if the home department is not able to hospitalize a
patient, instead of cancelling an elective patient, first alternative departments are checked. The same
accounts for variable 2 with regard to emergency patients. Furthermore, the second biggest
influence on the transferred emergency patients is variable 1, meaning that setting exchangeability
for elective patients also influences the percentage of emergency patients transferred. How big these
influences are on the actual percentages is analyzed using Table 37 and Table 38.
Table 37. Average percentage emergency patients transferred, all variables and values

Percentage emergency patients
transferred
Value

Variable
1

2

3

4

5

1

14.71%

15.26%

14.22%

14.75%

14.72%

2

14.55%

14.79%

14.27%

14.41%

14.05%

3

14.42%

13.84%

14.29%

14.24%

4

13.86%

13.64%

14.77%

14.14%

0.86%

1.62%

0.55%

0.61%

0.67%

5.84%

10.62%

3.87%

4.14%

4.55%

Max. change in percentage
emergency patients transferred
Max. improvement (relative to
highest percentage)

Table 38. Average percentage elective patients cancelled, all variables and values

Percentage elective patients
cancelled
Value

Max. change in percentage
emergency patients transferred
Max. improvement (relative to
highest percentage)

Variable
1

2

3

4

5

1

1.76%

1.73%

1.73%

1.74%

1.75%

2

1.76%

1.72%

1.72%

1.70%

1.67%

3

1.69%

1.71%

1.65%

1.67%

4

1.63%

1.68%

1.74%

1.73%

0.13%

0.05%

0.09%

0.07%

0.07%

7.39%

2.89%

5.17%

4.02%

4.00%

With regard to the percentage emergency patients transferred, variable 2 results in a maximum
decrease of patients transferred of 1.62%, see Table 37, which is an improvement of 10.62%
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compared to the highest percentage of emergency patients transferred (15.26%). Furthermore, very
important, variable 2 does not negatively affect the percentage elective patients cancelled, as can be
seen in Table 38. In fact, variable 2 decreases the percentage of elective patients cancelled by 0.05%.
Although a very small result, important is that variable 2 does not influence it negatively.
With regard to the percentage elective patients cancelled, variable 1 shows a maximum decrease of
0.13%, which seems a small result; however, this percentage already was very low and the
improvement relative to the highest percentage of elective patients cancelled is still 7.39%.
Furthermore, as can be seen in Table 37, variable 1 does not negatively affect the percentage of
emergency patients transferred. Therefore, based on the percentage emergency and elective
patients transferred or cancelled, it is concluded that variable 1 should be set at value 4 and variable
2 at value 4 as well.
Variable 3 has a slightly negative effect on the percentage emergency patients transferred, since the
percentage emergency patients transferred shows an increasing pattern. However, variable 3 has the
smallest influence on this performance measure ,compared to the other variables. Variable 4 has a
small positive effect, decreasing the percentage of emergency patients transferred.
Variable 3 and 4 do not seem to have a big influence on the elective patients being cancelled. No
clear pattern can be found. This means that, if a patient is labeled exchangeable, it does not really
matter whether the patient is exchangeable with a selection of other departments or with all
departments. This could be caused by resemblances in arrivals between the different departments.
Most patients throughout the hospital arrive in the same time blocks, both for elective and
emergency patients (see Appendix K). As a result, the busiest times for the departments, and thus
the times when utilization is high and patients may be rejected, are similar for the departments.
Therefore, if patients could not be hospitalized on the home department or on a selection of guest
departments, the chance of being able to hospitalize the patient on a department outside the
selected departments is small, leading to only fractional improvements with regard to the
percentages of patients being transferred or cancelled.

11.5.

Optimal values

In this last part of Section 11, the results from the previous parts are combined into one optimal
situation. This situation is compared to the current situation, as it was simulated by the model. In
order to choose the optimal values for the variables, first the variables are presented per
performance measure in relative order of influence, with the most influential variable on the left and
the least influential variable on the right, see Table 39. Next, the values are compared between the
different performance measures, to check for any adversely acting variables, meaning that for one
performance measures a variable should be set at value 1, while for the other the same variable
should be set at 4 in an optimal situation. If 2 variables are acting adversely, the variable with the
biggest influence regarding the performance measures is chosen for the optimal situation. The
optimal values for all variables are presented in Table 4040.
Table 39. Order of influence variables, all performance measures

Bed utilization
Variable order

1

2

4

3

5

Variable optimal value

4

3

2

4

2

Nurse Workload variance
Variable order

2

3

5

1

4

Variable optimal value

2

1

2

4

3

Externally hired nurses
Variable order

6

Variable optimal value

2
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Percentage emergency patients transferred
Variable order

2

1

5

4

3

Variable optimal value

4

4

2

4

1

Percentage elective patients cancelled
Variable order

1

3

5

4

2

Variable optimal value

4

3

2

3

4

Table 40. Variables with the optimal value, for all performance measures

Variable

1

2

3

4

5

6

Bed utilization

4

3

4

2

2

-

Nurse workload variance

4

2

1

3

2

-

Externally hired nurses

-

-

-

-

-

2

Percentage emergency patients transferred

4

4

1

4

2

-

Percentage elective patients cancelled

4

4

3

3

2

-

Variable 2, 3 and 4 have different optimal values for the different performance measures. Therefore
a choice needs to be made regarding the values for these variables.
Variable 2 can either be set at value 2, 3 or 4. For the nurse workload variance, variable 2 is the most
influential variable and should be set at value 2. However, as seen in Table 31 and Table 32, the
nurse workload variance is not affected a lot by any variable. Alternatively, variable 2 can be set at
value 3 or 4. Since variable 2 is also the most influential variable for the percentage emergency
patients transferred with a relative improvement of 10.62%, value 4 is chosen, since that is the
optimal value for the percentage emergency patients transferred.
Variable 3 can be set at value 1, 3 or 4. Again, nurse workload variance is only moderately influenced
and is least influential for the percentage emergency patients transferred (with value 1). Therefore
value 3 or 4 is chosen for variable 3. Since variable 3 is the second most influential variable for the
percentage elective patients cancelled, the optimal value for this performance measure is chosen,
which is value 3.
Variable 4 can be set at either value 2, 3 or 4. Since variable 4 is relatively most influential for the
performance measure bed utilization, the optimal value for the bed utilization is chosen, which is
value 2.
In conclusion, the setup of the variables for the optimal situation is presented in Table 41.
Table 41. Experiment setup optimal situation

Variable

Value

1

4

2

4

3

3

4

2

5

2

6

2

The values given above lead to the following optimal situation:
The percentage of elective patients that can be exchanged is set at 15% (variable 1), with 25% of
these exchangeable elective patients to be exchangeable with all other departments (variable 3).
The percentage of emergency patients that can be exchanged is set at 40% (variable 1), with 15% of
these exchangeable emergency patients to be exchangeable with all other departments (variable 4).
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If a patient is hospitalized on a guest department, he will stay there for the entire duration of stay.
Nurses are used flexibly. If it is possible on the home department, they are exchanged with other
departments to work a shift on a guest department if the guest department is a nurse short.
The resulting values for the performance measures are compared to the results from the simulation
of the current situation, which is presented in Table 42.
Table 42. Comparison optimal and current situation

Performance measure
Optimal
situation

Current
situation

Difference

Bed utilization

70.38%

70.05%

0.33%

Relative
improvement
compared to
current situation
0.47%

Nurse workload variance

0.0315

0.0331

-0.0016

4.83%

79

163

-84

51.53%

12.05%

13.24%

-1.19%

8.99%

1.53%

1.64%

-0.11%

7.19%

Number of externally hired
nurses
Percentage emergency patients
transferred
Percentage elective patients
cancelled

In the optimal solution, all performance measures are improved. Due to less emergency and elective
patients being transferred or cancelled, the bed utilization over the various departments improves,
but only by 0.33%, which is an improvement of 0.47%. Furthermore, the nurse workload has
decreased by 0.016 which is an improvement of 4.83%. The biggest improvement is achieved for the
number of externally hired nurses with an improvement of 51.53%, by exchanging nurses between
the departments. The percentage emergency patients transferred and elective patients cancelled
have improved by 8.99% and 7.79% respectively, by allowing part of patients to be placed on a guest
department for the entire duration of stay.
Overall, the improvements are reasonable, with a positive exception for the number of externally
hired nurses with an improvement of 51.53% and a negative exception for the bed utilization with
almost no improvement.
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12. Conclusion
In this section the project is concluded by reflecting on the assignment and the formulated subassignments leading from the business problem. First the assignment and the sub-assignments are
briefly repeated here, after which a conclusion will be drawn and a solution direction will be
presented, based on the results from the simulations run during this project.
The assignment for this Master Thesis project was formulated in Section 2 as:
Develop a hospitalization planning that provides a remedy for the current problems with the bed
utilization and the differences in work load between departments
From this main assignment, 2 sub-assignments were formulated:
1. Analyze the current situation, formulate several solution directions, and make a simulation
model of the solution situations, taking qualitative and quantitative aspects into account.
2. Run the simulation models and compare the different solution situations.
Based on the problem analysis, the bed utilization in the departments that were analyzed is
concluded to be between 60% and 79%, which is higher than expected based on numbers before this
project. However, the utilization presented before this project turned out to be from the entire
UMCN, while a selection of departments was analyzed. Furthermore, based on an initial analysis of
patient hospitalization at the UMCN it is concluded that patient exchange between departments is
possible, which should result in less emergency patients being transferred to other hospitals. During
2007 304 out of 3126 (9.72%) of the emergency patients entering the UMCN were transferred to
other hospitals.
Based on the simulations, the following conclusions can be drawn about the individual variables:
- Placing elective patients on a guest bed when the home department is not able to hospitalize
the patient positively influences the bed utilization positively, resulting in higher bed
utilization every increase of the percentage of elective patients being exchangeable.
However, the relative increase in bed utilization is only 0.47%. Furthermore, this variable
decreases the nurse workload variance, but only fractionally. Last, exchanging part of the
elective patients with other departments if the home department is not able to hospitalize
the patient results in lower percentages of both emergency patients transferred to other
hospitals and percentage elective patients cancelled.
- Whether patients that need to be hospitalized on a guest bed can only be placed on a guest
bed on a selection of departments or on all departments does not influence any of the
performance measures.
- Placing emergency patients on a guest bed when the home department is not able to
hospitalize the patient does not have a clear effect on the bed utilization. Although the bed
utilization changes when this percentage changes from 5 to 50%, there is no clear pattern in
the changes in bed utilization. Nurse workload variance is also not affected by this variable.
However, the percentage of transferred emergency patients is positively affected by placing
more emergency patients on guest departments if the home department is not able to
hospitalize the patient, resulting in 10.62% less emergency patients being transferred to
another hospital, when the percentage emergency patients that can be placed on a guest
bed is set at 40% instead of 0%.
- When elective patients that can be placed on a guest department have the opportunity to be
placed on all departments, compared to only a selection, the percentage of emergency
patients transferred is decreased by 4.14%. Also, the number of elective patients cancelled is
decreased by 4.02% if this percentage is set at 30%. This variable does not influence any
other performance measure.
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-

-

Placing patients on a guest bed for the entire duration of stay instead of only for 24 hours
positively influences all performance measures. It results in less variation and changes in the
bed utilization. However, the effects on the performance measures were relatively small,
with only reasonable improvement for the percentage emergency patients cancelled (4.55%)
and the percentage elective patients transferred (4.00%).
Exchanging nurses between the different departments is only measured using the number of
externally hired nurses, which is greatly influenced by the decision whether or not to
exchange nurses. The number of externally hired nurses is less than half when nurses are
exchanged.

Combining the optimal values for all variables and comparing this simulation with the simulation of
the current situation leads to the following conclusions:
- Bed utilization is still not improved a lot, only 0.47%
- The nurse workload variance is decreased by 4.83%
- The number of externally hired nurses is decreased by 51.53%
- The percentage emergency patients transferred is decreased by 8.99%
- The percentage elective patients cancelled is decreased by 7.19%
Based on these results and taking the presented assignment into account, it has to be concluded that
using the suggested changes in variables does not significantly improve bed utilization. However, the
other performance measures do show a significant improvement with the used changes in variables.
It is very important for the UMCN to fully utilize the operating theatre, meaning that every decrease
in cancelled elective patients should be taken serious; therefore, an improvement of 7.19% on the
number of elective patients cancelled is a good improvement, especially in combination with the
improvement regarding the percentage emergency patients transferred of 8.99%. These two
performance measures are mainly influenced by the percentages patients to be exchangeable and,
for the elective patients, the percentage of exchangeable patients that is allowed to be hospitalized
on any department. Therefore, it is advisable to allow 40% of the emergency patients to be
hospitalized on a guest bed (as already done now), allow 15% of the elective patients to be
hospitalized on a guest bed (compared to 0% now) and of these 15% elective patients allow 50% to
be hospitalized on any department. For emergency patients there is no significant additional
improvement when exchangeable patients are allowed to be placed on all departments, therefore, it
is recommended to only allow exchangeable emergency patients to be hospitalized on a selection of
the departments.
Although the nurse workload variance is improved, these results should not be used too lightly,
because the workload measures is very basic and does not give a reliable result with regard to the
real workload.
Last, the number of externally hired nurses is improved drastically, solely caused by allowing
exchange of nurses between the departments. Therefore, exchanging nurses over the departments
should be allowed is advised to be implemented.
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13. Discussion
In this section the conclusions drawn in the previous section are discussed, based on the assumptions
taken to build the model and gather the data.
Throughout this project data has been used from 2007. Although this is a relatively recent period,
changes have occurred at the UMCN that may have had an effect on the data. For example, the start
of the SSU has resulted in lower patient data for the departments that have beds placed on the SSU
or the change in capacity for general surgeries as of June 4th. To counter this, the year has been split
in 2 or 3 periods: January 1st to June 4th, June 4th to September 10th and September 10th to December
31st for the specialty general surgeries and January 1st to September 10th and September 10th to
December 31st for specialties with a bed placed on the SSU. Also, the holiday periods have been
taken into account when collecting the data. As a result, the analyses presented in Section 6 show a
reliable result of the performances for the different periods. However, because the data was not
collected during the holiday periods, results presented in Section 11 can only be generalized for the
periods outside holidays.
Due to the assumption taken about equality of workload for all patients of a specialty and for the
entire duration of stay, results with respect to nurse workload need to be read very cautiously. In
practice it is very likely that patients will differ with regard to nurse workload, depending on many
characteristics like age of the patient, operation, complications. Also nurse workload is likely to differ
during the duration of stay. The day after a operation a patient is likely to need more care than
several days after. As a result, the results about nurse workload variance are not very reliable in
presenting a good representation of actual workload. Furthermore, as a result of this workload
method, it is hard to determine whether a department is able to miss a nurse to exchange the nurse
with another department. However, this is dealt with by only allowing 1 or 2 nurses maximally to be
exchanged for any shift. By doing so, the amounts of nurses that were available to be exchanged
have been decreased and risks of exchanging nurses while the actual workload was high have also
been decreased. Therefore, the results with regard to the number of externally hired nurses are
reasonably reliable.
The patient arrivals have been assumed independent. However, although this will probably be true
for emergency patients, this is not necessarily true for elective patients. This is caused by the
dependence of the elective patients on the operating theatre. As a result of this operating theatre,
there is a limit on the number of patients arriving. Furthermore, the operating theatre is divided into
blocks, with certain patients only being operated during certain blocks. To deal with this, elective
patient arrivals have been divided into several time blocks during the day. Although this will not take
away all interdependencies, it restricts the time intervals in which the assumption is not valid by
combining most patients that are interdependent in a few time blocks. As a result, more variation
may exist in the arrivals of patients and more extreme values can be expected. This probably
influences the performance measures negatively, since due to high variations more patients may
arrive during a time block than the departments are able to hospitalize, resulting in cancellations of
elective patients. However, the validation of the model using the actual number of arrivals during
2007 showed a reasonably good match, with only a small difference that might be caused by this
assumption.
Furthermore, the durations of stay of patients have been assumed to be lognormally distributed. By
doing so, a balance has been made between complexity in data gathering and modeling and
modeling accuracy. Since the lognormal distribution has been used previously in other studies in
healthcare and the histograms showed characteristics of the lognormal distribution, this assumption
will probably not influence the performance measures significantly, also because the mean and
variance from the actual data have been used to fit the distribution.
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Overall, the results as presented in this report are found to be reliable, thanks to the combination of
assumptions backed up by literature and the validation of the model using real-life results of the
UMCN during 2007.
Some improvements can still be made though, especially with regard to the nurse workload. Due to
the simple nurse workload measure currently used in the UMCN and also used in this report, real
conclusions can not be taken about differences in workload over the departments. In order to be
able to do so, a different nurse workload method should be introduced. If a reliable method is used,
reliable results can be obtained about the nurse workload. Furthermore, more reliable conclusions
can be taken about the exchange of nurses over the departments and the method used in this report
by setting a minimum for nurses working on a department is not necessary anymore.
Other improvements can be made to the data collection. Durations of stay distributions can be
modeled by the mixed-exponential distributions discussed in Section 9. Also the interdependency
between patient arrivals can be taken into account in order to improve the reliability of results.
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